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INSTITUTION AND LOCATION DEGREE Corgg[[(aetion FIELD OF STUDY
Universidad Peruana Cayetano Heredia, Peru B.S. 04/1972 Biology
Instituto Venezolano de Investigaciones M.S. 06/1975 Biophysics
Cientificas, Venezuela
Universidad Peruana Cayetano Heredia, Peru M.S. 06/1975 Biophysics
Instituto Venezolano de Investigaciones Ph.D. 06/1977 Biophysics and
Cientificas, Venezuela Physiology
The University of Chicago Post-Doc 09/1979 Biochemistry
Harvard University Post-Doc 02/1986 Biochemistry
Harvard University M.A. (HON) 12/1999 Cell Biology

Personal Statement

Our research focuses on the mechanisms that mediate and regulate cellular membrane remodeling. These
processes include intracellular vesicular trafficking, organelle architecture, intraluminal vesicle formation in
endosomes, regulation of cell size and ER organization during cell division, dynamics of post-mitotic nuclear
pore complex formation, cell-to-cell communication during development, and the interactions between viruses
and host cells.

Our work is characterized by use of emerging technologies -- from the early days of molecular cloning and X-
ray crystallography to today's single-molecule biophysics, high-resolution structural visualization using
electron cryomicroscopy, and frontier live-cell optical-imaging aided by deep learning tools for direct
observation of molecular events in vivo.

Over the past three decades, we have helped outline molecular mechanisms that underlie the cell's sorting
machineries mediated by the clathrin pathway, the principal route responsible for receptor-mediated
endocytosis, a route critical for reuptake of membrane at synapses, and a mode of entry usurped by many viral
and bacterial pathogens. Our work helped define the structure, interactions, and assembly-disassembly
mechanisms of clathrin and its associated proteins. We obtained the first atomic resolution X-ray structure of
clathrin and AP-1, key components of the clathrin coat. Using cryo-EM, we visualized the complete clathrin
coat at 8 A resolution, revealing the triskelion leg structure and its packing within the coat. We also visualized
the ATP-dependent uncoating step, showing how auxilin and Hsc70 mediate this process by cryo-EM at 12-15
A resolution. Further studies uncovered the interactions of R-arrestins and adaptors with clathrin and linked the
clathrin machinery to non-canonical Wnt signaling.

We now aim to integrate high-resolution molecular snapshots with live-cell processes by including direct
observation of molecular events, creating "molecular movies" to explore key molecular interactions and
switches of importance to help mitigate diseases associated with cancer, viral infection and pathogen
invasion, Alzheimer's, Parkinson’s and other neurological disorders. In our lab, we utilize Lattice Light Sheet
Microscopy (LLSM) and Lattice Light Sheet Microscopy with Adaptive Optics (AO-LLSM), two contemporary



advanced optical microscopy imaging tools designed to bridge the gap between molecules and cells, whether
in culture, organoids, or living tissues. The large-scale data generated, spanning seconds to hours, presents
challenges for quantitative analysis and modeling of underlying mechanisms that we address by combining
dynamic imaging with deep learning.

Our research program offers a diverse intellectual and technical environment for mentoring pre-doctoral
students, graduate students, and postdoctoral fellows. | prioritize an inclusive environment where trainees feel
safe to express their ideas, receive critical feedback, and explore new research directions. | emphasize the
importance of engaging with others outside our group, fostering the skills necessary for effective collaboration.
Additionally, | train my team in maintaining accurate research records, designing rigorous experiments, and
analyzing data objectively. | have extensive experience in teaching and organizing graduate-level courses at
HMS, MIT, and internationally. | have chaired/co-chaired Gordon Research Conferences and other meetings,
and co-founded the Harvard-Portugal program, which | led for seven years—the longest-running international
collaborative education and research initiative at HMS.

Ongoing projects:

2 R35 GM130386-06 NIH/NIGMS MIRA (Kirchhausen) 08/01/2024 — 07/31/2029
Cell Biology of Endosomal Escape

This MIRA GRANT has no specific aims. The long-term goal is to build on mechanistic understanding of
intracellular traffic to finds ways to enhance or to prevent cytosolic release of internalized cargo. There is no
budgetary or scientific overlap with any of the other current funding sources.

1 R01 CA272484-03 NIH/NCI (Kirchhausen and Blacklow, joint Pls) 09/01/2022 — 08/31/2027
Dynamics of Notch Signaling

We aim to provide with unprecedented resolution in both space and time, a description of the fundamental
events required for transmission of physiologic Notch signals in living cells. Project capitalizes on two emerging
technologies, lattice light sheet microscopy and proximity labeling. There is no budgetary or scientific overlap
with any of the other current funding sources.

1 R01 Al163019-04 - NIH/NIAID (Kirchhausen and Whelan, joint Pls) 07/08/2021 — 06/30/2026
Mechanism and Inhibition of SARS-CoV-2 Entry

Identify and explore the underlying mechanisms responsible for the cell entry of VSV chimeras of SARS-CoV-2
leading to infection and investigate how entry inhibition is achieved upon interference by small molecules,
antibodies, and genetic perturbations in host proteins. There is no budgetary or scientific overlap with any of
the other current funding sources.

2 P30 DK034854-38 - NIH/NIDDK (Lencer) 04/01/2021 — 03/31/2026
CHMC Epithelial and Mucosal Biology

This is a training grant on Mucosal Biology. The Pl helps maintain the cell biology core that includes live-cell
imaging located at Children’s Hospital, Boston. In addition, we offer access to the microscopes located in our
laboratory and consulting support for investigators. There is no budgetary or scientific overlap with any of the
other current funding sources.

IONIS Pharmaceuticals, Inc. 02/10/2023 — 02/10/2025
Mechanism of Cell Penetration by Antisense Single Stranded Oligonucleotides

The goal of this study is to determine the delivery mechanism of antisense single stranded oligonucleotides
into cells, with a long-term view to develop strategies to improve the therapeutic efficacy of this approach.
There is no budgetary or scientific overlap with any of the other current funding sources.

NNF230C0081287 NOVO NORDISK, INC - 1100
(Hatzakis, Pl and Kirchhausen co-PI) 03/01/2024 — 01/01/2030

Novo Nordisk Foundation Center for Optimized Oligo Escape and Control of Disease
This proposal is for exploring and quantifying the interaction between oligonucleotides and endosomes. There
is no budgetary or scientific overlap with any of the other current funding sources.

Mass Life Science Center - MLSC Massachusetts Neuroscience Consortium 01/01/2025 — 12/31/2025



Mitigating Tauopathies and Neurodegeneration Through Prevention of Constitutive Neuronal Endo-Lysosomal

Damage

The goal of this proposal is to help us (1) establish a tau-specific cellular model that can form amyloid
inclusions seeded by internalized tau-PFF. With this model in hand, we aim to (2) determine the extent to
which the intrinsically perforated endolysosomes correlate with tau-PFF-seeded amyloid inclusions, assess
whether tau fibrils directly induce damage, and (3) start exploring the role of PIKfyve on tau-PFF mediated
aggregation. We have developed quantitative cellular imaging based on advance 3D optical and electron
microscopy visualization and analysis tools to enable an unbiased examination of endo-lysosomal damage,
repair, content escape, and cytosolic component entry. There is no budgetary or scientific overlap with any of
the other current funding sources.
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Visiting Scientist at Janelia Research Campus, HHMI

Springer Family Professor of Pediatrics, Harvard Medical School

Professor, Department of Pediatrics, Harvard Medical School

Senior Investigator, Program in Cellular and Molecular Medicine (PCMM) at Boston Children’s
Hospital

HMS Director, Harvard-Portugal Program in Translational Research and Medical Education
Executive Faculty Committee, Immune Disease Institute

Chair IT Committee, Immune Disease Institute

Senior Investigator, Immune Disease Institute, (formerly CBR Inst. for Biomedical Research)
Professor, Department of Cell Biology, Harvard Medical School

Associate Professor, Department of Cell Biology, Harvard Medical School

Investigator, The Center for Blood Research, Inc.

Associate Professor of Anatomy and Cellular Biology, Harvard Medical School

Assistant Professor of Anatomy and Cellular Biology, Harvard Medical School

Assistant Head Tutor, Biochemical Sciences, Harvard University

Research Associate in Biochemistry, Harvard University

Postdoctoral, Harvard University, Department of Biochemistry and Molecular Biology

Tutor in Biochemical Sciences, Harvard University

Fellow of the American Academy of Arts and Sciences

Fellow of the American Academy of Microbiology

IUBMB Jubilee Lecture, Lanzen Peru 2020

EMBO Global Lecturer, India

EMBO Keynote Lecture, FEBS — EMBO Advance Lecture Course in Molecular Architecture
Dynamics and Function of Biomembranes

Honorary Member, Associazione di Biologia Cellulare e del Differenziamento, Italy
Honorary Professor, University of Hong Kong

Academia Nacional de Ciencias (Peru), Académico Correspondiente

EMBO Keynote Lecture, Systems Biology of Infection

Netherlands Society for Biochemistry and Molecular Biology: Speaker of the year

SMB Jose Laguna Lecture for Outstanding Basic Research in Dynamics of Endocytosis
Elected Associated Member EMBO

Doctor Honoris Causa, Universidad Ricardo Palma, Peru

Springer Family Professor of Pediatrics, Harvard Medical School

John Cebra Endowed Lecture, Dynamics and Endocytosis. Marine Biological Laboratory,
Woods Hole

AAAS Fellow

Honorary Professor, Universidad Peruana Cayetano Heredia, Peru

Master Arts (Honorary), Cell Biology, Harvard University

Established Investigator Award, American Heart Association

Research Fellow, Charles A. King Trust

Other Experience and Professional Memberships

2012-

Ad-hoc member, various NIH study sections, Israel Binational Science Foundation, EMBO
Fellowships, Foundation Sante, Greece, UK Research Council, Welcome Fund



2004-2012  Ad-hoc member of NIH Study Sections CD-4 and ZRG1

2001-2015  Member, Advisory Committee, Imaging Facility, Dept. of Cell Biology, Harvard Med. School
1999-2003  Member, NIH Study Section, CDF-2

1996-1999  Ad-hoc member of NIH Study Section, CB-1

C. Contributions to Science

1. Molecular architecture of clathrin coats and mechanism of uncoating (1981-) ' 234

Through studies extending over three decades, we defined the structure and interactions of clathrin and many
of its associated proteins and the assembly and uncoating mechanisms for clathrin coats. Highlights: clathrin
heavy-chain sequence -- at the time, the longest protein sequence derived by cDNA cloning; high-resolution
crystal structures of a large N-terminal fragment of clathrin and its complex with a "clathrin box" peptide, of the
core of the AP-1 adaptor complex, and of a complex between Disheveled and the u2 subunit of the AP-2
adaptor complex; sub nanometer structure of a clathrin coat (22MDa) by cryo-EM, yielding a complete
molecular model for clathrin at 8 A resolution; cryo-EM structure of a clathrin coat with bound auxilin and
Hsc70 and subsequent in vitro and in vivo single-molecule total internal reflection fluorescence (TIRF)
microscopy studies of uncoating.

1. Fotin, A. et al. Molecular model for a complete clathrin lattice from electron cryomicroscopy. Nature 432,
573-579 (2004).

2. Xing, Y. et al. Structure of clathrin coat with bound Hsc70 and auxilin: mechanism of Hsc70-facilitated
disassembly. EMBO J 29, 655-665 (2010). PMCID: PMC2830701.

3. Bdcking, T., Aguet, F., Harrison, S. C. & Kirchhausen, T. Single-molecule analysis of a molecular
disassemblase reveals the mechanism of Hsc70-driven clathrin uncoating. Nat Struct Mol Biol. 18, 295—
301 (2011). PMCID: PMC3056279.

4. He, K. et al. Dynamics of phosphoinositide conversion in clathrin-mediated endocytic traffic. Nature 552,
410-414 (2017). PMCID: PMC6263037.

2. Live-cell imaging (2004-)°°7®

Building on the biochemical and structural discoveries outlined above, we analyzed mechanisms of coated-
vesicle formation in living cells, applying emerging technologies in fluorescence microscopy and live-cell
imaging. Our use of spinning disc confocal microscopy led to the following description of molecular events in
clathrin-mediated endocytosis: coated pits nucleate at the plasma membrane and grow by steady addition of
clathrin triskelions; Hsc70-mediated uncoating follows promptly upon dynamin-induced membrane scission;
arrival of auxilin, the clathrin specific, J-domain co-chaperone for Hsc70, determines the timing of this event;
clathrin assembly ordinarily provides the principal driving force for membrane invagination, but at high
membrane tension or with very elongated cargo, actin polymerization is also required. When our TIRF
microscopy technology had reached the level of single-molecule counting, we showed that coated-pit initiation
proceeds by coordinated arrival of clathrin and the AP2 adaptor complex, the latter recruited by interaction with
Ptdins (3,4)P2, and that accessory proteins are then essential for sustained growth, and that a single rung of a
dynamin tube is sufficient for coated pit neck scission. Our most recent findings follow our keen and long-
standing interests on studies focusing on mechanisms of cell-cell interactions in the context of Notch-Delta
signaling and of cell host / virus interactions taking advantage of our advance optical imaging capabilities using
LLSM.

5. Cocucci, E., Aguet, F., Boulant, S. & Kirchhausen, T. The first five seconds in the life of a clathrin-coated
pit. Cell. 150, 495-507 (2012). PMCID: PMC3413093.

6. Kang, Y.-L. et al. Inhibition of PIKfyve kinase prevents infection by Zaire ebolavirus and SARS-CoV-2.
PNAS 15, 202007837 (2020). PMCID: PMC7456157.

7. Luo, S. et al. An Antibody from Single Human VH-rearranging Mouse Neutralizes All SARS-CoV-2 Variants
Through BA.5 by Inhibiting Membrane Fusion. Sci Immunol eadd5446 (2022)
doi:10.1126/sciimmunol.add5446. PMCID: PMC9407951.

8. Tveriakhina, L., Scanavachi, G., Egan, E.D., Da Cunha Correia, R.B., Martin, A.P., Rogers, J.M., Yodh,
J.S., Aster, J.C., Kirchhausen, T., and Blacklow, S.C. (2024). Temporal dynamics and stoichiometry in
human Notch signaling from Notch synaptic complex formation to nuclear entry of the Notch intracellular
domain. Dev Cell. 10.1016/j.devcel.2024.03.021. PMCID: PMC11153029.

3. Frontier optical-imaging modalities using LLSM (2015-) ° '° ' 12
After initial use at Janelia Research Campus of LLSM to resolve the dorsal from the ventral surfaces of thin
lamellipodial protrusions, we built a second generation LLSM with guidance from Betzig and team at Janelia



Research Campus; it has been in continuous use in our lab since July 2014. Our published work with this
instrument has included: reexamination of the clathrin-coat assembly dynamics over the entire surfaces of 45
cells and ~250,000 AP-2 traces that required MATLAB software development resulting in the generation of 3D
cmeAnalysis (clathrin-mediated endocytosis analysis (with Francois Aguet and Gaudenz Danuser); full-cell
imaging measurements of cell surface area and volume throughout the cell cycle, for single cells in culture and
in the eye of a developing zebrafish embryo; studies of lipid-droplet maturation (with Walter and Farese);
studies of assembly mechanisms in the ESCRT pathway in yeast (with David Teis). We provided direct
evidence (with Janet Shaw) that the intracellular location of mitochondria shapes subcellular energy gradients.
We developed a new generation of phosphoinositide sensors and showed that a cascade of molecular
conversions, made possible by the separation of a clathrin coated vesicle from its parent membrane, two of
which are accumulation of PtdIns (3)P or PtdIns(4)P and PtdIns (3,4)P2 bring about arrival of auxilin to trigger
uncoating. We used LLSM to show that inherited nuclear-pore substructure templates post-mitotic nuclear-pore
assembly and FIB-SEM to demonstrate that these templating subassemblies (octamers of the outer-ring
building blocks) are "stored" in fenestrated mitotic ER.

9. Kural, C. et al. Dynamics of intracellular clathrin/AP1- and clathrin/AP3-containing carriers. Cell Rep 2,
1111-1119 (2012). PMCID: PMC3513667.

10. Aguet, F. et al. Membrane dynamics of dividing cells imaged by lattice light-sheet microscopy. Mol Biol Cell
(2016). doi:10.1091/mbc.E16-03-0164. PMCID: PMC5221578.

11. Adell, M. A. Y. et al. Recruitment dynamics of ESCRT-IIl and Vps4 to endosomes and implications for
reverse membrane budding. Elife 6, 31652 (2017). PMCID: PMC5665648.

12. He, K. et al. Dynamics of Auxilin 1 and GAK in clathrin-mediated traffic. J Cell Biol (2020) 219 (3):
€201908142. PMCID: PMC7054993.

4. Frontier AO-LLSM and FIB-SEM imaging modalities (2016-) '* * 15

Since August 2016, we have closely collaborated with Eric Betzig to develop AO-LLSM and use it for live
visualization of multicellular structures. Our initial studies focused on quantitative tracking of endocytic coated
pits and vesicles in muscle and brain cells, visualizing migrating lymphocytes and cancer cells, measuring cell
area and volume during division, and tracing axonal growth in various systems, including zebrafish embryos.
Combined with expansion microscopy, we visualized the Drosophila brain interactome at ~70 nm resolution.
With help and advice from Betzig, we built an AO-LLSM system at Janelia, which we then transfer to our lab
has been fully functional since April 2021.

Starting with collaborations with Betzig and Harald Hess, we contributed to nanoscale 3D visualization of
endosomes using super-resolution microscopy of high-pressure frozen cells coupled with FIB-SEM. Since
2018, we have independently handled in our lab sample preparation using high-pressure freezing and FIB-
SEM imaging (see citation #16, below).

13. Liu, T.-L. et al. Observing the cell in its native state: Imaging subcellular dynamics in multicellular
organisms. Science 360, eaaq1392 (2018). PMCID: PMC6040645.

14. Hoffman, D. P. et al. Correlative three-dimensional super-resolution and block-face electron microscopy of
whole vitreously frozen cells. Science 367, eaaz5357 (2020). PMCID: PMC7339343.

15. Gao, R. et al. Cortical column and whole-brain imaging with molecular contrast and nanoscale resolution.
Science 363, eaau8302 (2019). PMCID: PMC6481610.

Deep learning (2022- ) '°

We have built a high-capacity computing infrastructure with GPU and CPU clusters, enabling the development
of deep-learning pipelines to automatically analyze 3D images from FIB-SEM or cryo-ET. These imaging tools,
available to the community, facilitate denoising and automated segmentation of intracellular structures, from
ER, Golgi, and mitochondria to clathrin-coated pits, caveolae, and nuclear pores.

16. Gallusser, B. et al. Deep neural network automated segmentation of cellular structures in volume electron
microscopy. J Cell Biol 222, €202208005 (2022). PMCID: PMC9728137.

All of my peer-reviewed publications spanning ~ 40 years can be retrieved from the following URL
Complete List of Published Work in MyBibliography:

https://www.ncbi.nlm.nih.gov/sites/myncbi/tomas.kirchhausen.1/bibliography/40106331/public/?sort=d
ate&direction=ascending




