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Cells consist of large components, such as organelles, that recursively factor into smaller sys-
tems, such as condensates and protein complexes, forming a dynamic multi-scale structure
of the cell. Recent technological innovations have paved the way for systematic interrogation
of subcellular structures, yielding unprecedented insights into their roles and interactions.
In this workshop, we discuss progress, challenges, and collaboration to marshal various
computational approaches toward assembling an integrated structural map of the human
cell.
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1. Overview

A fundamental objective of cell biology is to decode the intricate multi-scale structures within
cells, ranging from macroscopic organelles to microscopic condensates and protein complexes.
This goal necessitates a comprehensive understanding of the spatial and functional organiza-
tions of subcellular components, particularly within the context of cell function and diseases.

In recent years, a plethora of advanced technologies have emerged, enabling systematic in-
terrogation of subcellular structures and providing unprecedented insights into their functional
significance. For example, immunofluorescence imaging1–3 facilitates the real-time visualiza-
tion of static and dynamic subcellular interactions at high resolution. Similarly, cryo-electron
tomography4,5 and microscopy6–9 capture intricate structural details of subcellular components
in their native, hydrated state, thus preserving their functional context. On the biochemical
front, affinity purification,10,11 co-elution,12 and crosslinking mass spectrometry13,14 techniques
have provided avenues for elucidating the complex networks of protein interactions within cells.
The emerging machine learning pipelines15–18 associated with these technologies have further
augmented the systematic interpretation of cell architecture and association with diseases.
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The integration of these complementary technologies represents a promising avenue for
mapping the architecture of cells across a broad range of scales. Using two of these techniques,
protein imaging and affinity purification, the session organizers have recently published a novel
framework, called MuSIC (Multi-Scale Integrated Cell),19 for assembling hierarchical maps
of human subcellular components spanning the multiple scales of cell biology. The timely
and distinct opportunity that emerges from this work is to assemble a key group of thought
leaders in a suitable location to discuss progress, open challenges, and, most importantly,
how collaborative teams can be established to marshal the various technologies toward an
integrated structural map of the human cell.

Hence, this workshop, “Tools for assembling the cell: Towards the era of cell structural
bioinformatics,” aims to be a catalyst for scientific discourse and collaboration, providing a
platform for eminent professionals from varying domains to explore and strategize the fu-
ture of subcellular structure mapping. We invited seven distinguished speakers (Drs. David
Baker, Markus Covert, Jan Ellenberg, Rachel Karchin, Tychele Turner, Aubrey Weigel, and
Marinka Zitnik) to share insights on data acquisition and computational approaches for cellu-
lar modeling. This workshop is designed to provide attendees with a deep dive into the present
technological innovations and highlight avenues for potential collaboration and exploration.

2. Navigating the Workshop

Developing a spatiotemporal map of the cell necessitates integrating various sources of data
into a single model. To enable communication and synergy between experimental scientists and
computational modelers, this workshop features incisive talks from seven experts in procuring
spatiotemporal biological data and advancing computational modeling of cellular architecture
across multiple scales.

Dr. David Baker is a Henrietta and Aubrey Davis Endowed Professor of Biochemistry
at University of Washington, Director of Institute for Protein Design and an Investigator at
Howard Hughes Medical Institute. His research focuses on developing protein design software
and using it to create molecules that solve challenges in medicine, technology and sustainabil-
ity. His group developed the Rosetta algorithm for ab initio protein structure prediction.16,20

Most recently, his group has developed RoseTTAFold, a three-track network to process se-
quence, distance, and coordinate information simultaneously, and achieved more accurate
protein structure prediction.21

Dr. Markus Covert, a Professor of Bioengineering and, by courtesy, of Chemical and
Systems Biology at Stanford University, focuses on building computational models of complex
biological processes and using these models to guide an experimental program. His lab pio-
neered the “whole-cell” model encoding all known information about each gene and molecule
to predict cell behaviors.22 His lab has also made significant contributions to live-cell imaging
of immune signaling, including a game-changing method to analyze microscopy images using
deep learning15 and a technique that traces cellular behavior from the initial stimulus, through
the signaling pathways, down to genome-wide changes in gene expression, within the single
cell.23

Dr. Jan Ellenberg is Head of Cell Biology and Biophysics, and Head of the European
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Molecular Biology Laboratory (EMBL) Imaging Center, at EMBL Heidelberg. He has devel-
oped state-of-the-art quantitative fluorescence-based imaging techniques,2 and combined these
technologies with subsequent automation and analysis platforms.3 His lab leveraged these four-
dimensional imaging approaches to enable characterization of processes within human cells,
such as protein localization during cell division24 and nuclear pore complex assembly.25

Dr. Rachel Karchin is a professor at Johns Hopkins University and the Institute for
Computational Medicine. She has made significant contributions to the field of cancer genomics
by leveraging 3D protein structure for variant interpretation developing tools to detect somatic
mutation hotspot regions in 3D protein structures.17,26 Similarly, Dr. Tychele Turner, an
Assistant Professor at Washington University in St. Louis, worked on precision genomics in
neurodevelopmental disorders, determining all possible relevant variations within an individual
to the precise nucleotide.27 Together, both of them focused on mapping mutations in 3D and
aimed to compare the 3D mutation clusters between neurodevelopmental diseases and cancers,
bringing new insight into genomics research.

Dr. Aubrey Weigel is a Project Scientist of the Cellular Organelle Segmentation in
Electron Microscopy (COSEM) Project Team at Howard Hughes Medical Institute (HHMI) -
Janelia Research Campus. She has pioneered a pipeline that combines focused ion beam scan-
ning electron microscopy (FIB-SEM) with deep learning annotation methods to reconstruct
maps of entire cells at 4-8 nm resolution.8,9 Such data and models are available to the scientific
community through an open-sourced platform, called OpenOrganelle. These data acquisition
and analysis techniques can provide insight into complicated cellular processes, and similar
analyses revealed the dynamics of endoplasmic reticulum (ER)-to-Golgi protein delivery.28

Dr. Marinka Zitnik is an Assistant Professor at Harvard Medical School, and affil-
iated with several Harvard-based institutes. She investigates the foundations of AI to en-
hance scientific discovery and to realize individualized diagnosis and treatment. She proposed
Decagon, a graph-convolution-network-based model to model polypharmacy side effects.18 She
also founded Therapeutics Data Commons (TDC), an initiative to access and evaluate AI ca-
pability across therapeutic modalities and stages of discovery. Their aim is to establish which
AI methods are most suitable for advancing therapeutic science and why these techniques are
advantageous.29,30

3. Discussion and Implications

In this workshop, we delve into cutting-edge technologies designed to illuminate the spatial
and functional organizations of subcellular components. Drs. David Baker, Markus Covert, Jan
Ellenberg, Rachel Karchin, Tychele Turner, Aubrey Weigel, and Marinka Zitnik are the distin-
guished speakers contributing their extensive knowledge to this workshop. They elucidate the
advancements in data acquisition, sophisticated analysis techniques, and computational tools
essential for the assembly of human subcellular components at various scales. This workshop
provides a platform not only as a repository of knowledge but also as a forum for academic
exchange. Scientists are welcome to discuss the promises, pitfalls, and challenges of modeling
the subcellular structures. In addition, the insights of the distinguished speakers can foster
the promise of interdisciplinary projects using cell mapping techniques, encouraging potential
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collaborations to drive cell structural biology further.
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