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Abstract

Effectively communicating knowledge related to molecular structures and
their associated data remains a challenge, as traditional static figures limit
interactivity and professional visualization tools often require substantial
expertise. MolViewStories addresses these limitations by providing an
open-source, web-based platform for creating and sharing interactive,
narrative-driven molecular visualizations. The platform uses the MolView-
Spec standard for reproducible scene specification, extended to support
animations, interactive descriptions, and synchronized audio commentary.
Visualization is powered by the Mol* Viewer, which leverages Web Graphics
Library (WebGL) for efficient 3D rendering and WebXR for immersive virtual
and augmented reality experiences. Users can construct molecular narra-
tives through an intuitive graphical interface or a command-line workflow,
enabling both exploratory and automated use. Completed stories can be
shared online, exported locally, or distributed as self-contained packages
that remain functional indefinitely. Each story is assigned a persistent uni-
form resource locator (URL) and can be modified or reused as a template,
promoting collaboration and community-driven content creation. We demon-
strate the capabilities of MolViewStories through a diverse set of narratives
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1 | INTRODUCTION

Macromolecular structure data have expanded dramati-
cally in recent years. As of October 2025, the Protein
Data Bank (PDB) archives over 240 thousand experi-
mentally determined structures (wwPDB consortium,
2019), providing atomic-level insight into biomolecules
across all domains of life. Complementary experimental
archives, such as the Electron Microscopy Data Bank
(EMDB) (The wwPDB Consortium, 2024) and the Elec-
tron Microscopy Public Image Archive (EMPIAR) (ludin
et al., 2023), have further broadened the landscape by
providing access to three-dimensional density maps
and raw image data from cryo-electron microscopy and
tomography. Together, these resources enable integra-
tive structural biology at multiple resolutions, from
atomic models to cellular environments. Computational
resources further extend this coverage: the AlphaFold
Protein Structure Database (AFDB) now provides over
214 million predicted models (Fleming et al., 2025), the
SWISS-MODEL Repository hosts approximately 3.75
million homology-based models (Kiefer et al., 2009),
and ModelArchive contains more than 600,000 depos-
ited computational structures (Tauriello et al., 2025).
Community initiatives such as ColabFold DB (Mirdita
et al.,, 2022) and the 3D-Beacons Network (Fleming
et al., 2025; Varadi, Nair, et al., 2022) further integrate
experimental and predicted models, bringing three-
dimensional structural information to nearly the entire
known protein-sequence space.

Despite this unprecedented access, effectively inter-
preting and communicating structural data remain signifi-
cant challenges. Established open-source tools such as
Mol* (Sehnal et al., 2021), Jmol (http://www.jmol.org/)
(Herrdez, 2006), ChimeraX (Pettersen et al., 2021), and
PyMOL (Rosignoli & Paiardini, 2022) provide powerful
environments for structural analysis, while animation plat-
forms including YASARA Dynamics (Land & Svedendahl
Humble, 2018), eMovie (Hodis et al., 2007), mMaya (Riggi
et al., 2024), ePMV (Johnson et al., 2011), and Molecular
Nodes (Johnston et al., 2025) link molecular data to profes-
sional 3D rendering workflows. Web-based tools such as
PolyviewMM (Porollo & Meller, 2010), MovieMaker (Maiti

illustrating its broad applicability to research communication, education, and
public outreach. Together, these examples highlight how interactive, web-
based storytelling can make molecular data more accessible, reproducible,
and engaging. MolViewStories is freely available at https://molstar.org/mol-
view-stories with open-source code accessible at https://github.com/
molstar/mol-view-stories.

interactive molecular visualization, Mol* Viewer, molecular storytelling, MolViewSpec, open-
source software, PDB, reproducible visualization, structural biology, web-based tools

et al., 2005), PMG (Autin & Tufféry, 2007), activelCM
(Raush et al., 2009), and Michelanglo (Ferla et al., 2020)
automate figure and animation generation, and educational
resources like Proteopedia (Hodis et al., 2008), FirstGlance
in Jmol (https://bicinformatics.orgffirstglance), and Jolecule
(https://jolecule.com/) integrate interactive 3D models with
explanatory text.

Molecular illustrations, exemplified by David
S. Goodsell’'s watercolors and Drew Berry’s animations,
have demonstrated the communicative power of
narrative-driven visualization. Building on these artistic
and conceptual traditions, tools such as cellVIEW
(Le Muzic et al., 2015), CellWalk (https://cellwalk.ca/)
and Mesoscale Explorer (Rose et al., 2024) introduced
guided, interactive tours for exploring large biological
assemblies.

Despite recent advances, a gap remains for a web-
native, low-barrier system that combines rigorous struc-
tural analysis with reproducible, narrative-driven visuali-
zation and effortless sharing. To fill this gap, we
present MolViewStories, a browser-based platform for
authoring molecular narratives that integrate interactive
3D visualization, interpolated animation, and optional
audio narration. Built on the Mol* (Midlik et al., 2025)
and MolViewSpec (Bittrich et al., 2024) frameworks, it
combines the graphical power of Mol* with the flexibility
and reproducibility of MolViewSpec. Backed by an
active open-source community, it is designed for long-
term continuity and growth. MolViewStories transforms
complex structural data into accessible, engaging nar-
ratives, advancing the communication of molecular sci-
ence in an era of data abundance.

The following sections describe the design and real-
ization of MolViewStories, outlining its key features,
software architecture, and implementation. Together,
these components establish an open and extensible
platform for creating, managing, and sharing interactive
molecular narratives through modern web technolo-
gies. Building on this foundation, the Results and Dis-
cussion section demonstrates the versatility of
MolViewStories across a range of example stories that
highlight its applicability to research communication,
education, and outreach.


https://molstar.org/mol-view-stories
https://molstar.org/mol-view-stories
https://github.com/molstar/mol-view-stories
https://github.com/molstar/mol-view-stories
http://www.jmol.org/
https://bioinformatics.org/firstglance
https://jolecule.com/
https://cellwalk.ca/
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9 // Scene 2: Molecule of the Month: Myoglobin

@ // Main introduction to myoglobin with animations highlighting the heme group and

structure

12 // No outline here

13 builder.canvas({ custom: { molstar_postprocessing: { enable_outline: false } } });

15  const _imbn = buildimbn(builder, 'IMBN');

17 // Whale myoglobin - spacefill representation with CPK colors

18 _1lmbn.struct

19 .component ({ selector: { label_asym id: 'A' } })

20 .representation({ type: 'spacefill', custom: { molstar_representation_params: {
ignorelight: true } } })

21 . colorFromSource ({

22 schema: 'all_atomic',

23 category_name: 'atom_site',

24 field_name: 'type_symbol',

25 palette: {

26 kind: ‘categorical’,

27 colors: {

28 C: '#FFFFFF',

29 N: '#CCEGFF',

30 0: '#FFCCCC',

31 S: '#FFE68@',

32 b
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34 H

35 .opacity({ ref: 'cpkopal', opacity: ©.8 });
36

37 // Heme group

32 _imbn.struct

39 .component({ selector: { auth_seq_id: 155 } })
40 .representation({ type: 'spacefill', custom: { molstar_representation_params: {

ignorelight: true } } })
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FIGURE 1 MolViewStories user interface. (a) Scene builder showing the integrated script panel and live 3D preview for interactive scene
composition. (b) Scene metadata and description editor supporting Markdown formatting for rich text, hyperlinks, and embedded media such as
audio narration. (c) Sharing and export options allowing users to publish stories to the cloud (and generate persistent URLs), or export self-

contained offline packages for long-term accessibility.

2 | METHODS

MolViewStories brings together modern web technologies
and established molecular visualization frameworks. The
goal is to provide an accessible, reproducible, and inter-
active platform for molecular storytelling. This section first
summarizes the key functional features of the system. It
then describes the architecture and implementation that
enable efficient authoring, rendering, and sharing of
molecular narratives.

21 | Features

MolViewStories provides a comprehensive framework
for creating, customizing, and sharing interactive,
narrative-driven molecular visualizations. Its design
emphasizes accessibility, reproducibility, and flexibility,
enabling both novice and expert users to construct
detailed molecular narratives without specialized soft-
ware. By combining MolViewSpec, a declarative scene

specification model, with modern web technologies, the
platform allows molecular visualizations to be rendered
and explored interactively in any browser with high
reproducibility. The key features of MolViewStories are
summarized below.

Interactive storytelling. The construction of narrative-
driven molecular visualizations is enabled through scene
sequences with animated transitions and optional audio
commentary, facilitating clear illustration of concepts such
as conformational changes, binding events, and molecu-
lar mechanisms. By framing visualizations as stories, Mol-
ViewStories enhances understanding and engagement,
guiding users through molecular processes in a coherent
and memorable way.

Code-driven scene builder. Scenes are defined
using MolViewSpec format, extended with animation
support for time-dependent transitions. This format
ensures reproducibility, automation, and fine-grained
control of visualizations.

Modern user interface. The application provides two
complementary user interfaces tailored to different
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was in 1960-at the beautiful intricacy of this protein.
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FIGURE 1 (Continued)

workflows. The web-based interface (see Figure 1)
allows users to interactively script, preview, and anno-
tate molecular stories directly in the browser, offering a
powerful environment for exploratory and educational
use. In parallel, the command-line interface (CLI) sup-
ports scripting, automation, and integration with compu-
tational pipelines, enabling advanced users to generate
and manage stories programmatically.

Lightweight story viewer. MolViewStories includes a
standalone viewer application based on the Mol* Viewer
for presenting completed stories. The story viewer is

optimized for performance and simplicity, requiring no
additional dependencies and can be easily integrated into
third-party platforms or web-based resources. This flexibil-
ity enables seamless incorporation of interactive molecular
narratives into online publications, educational materials,
or institutional databases (see Figure 2).

Sharing and forking. Stories can be published online,
exported for local use, or packaged as standalone archives
that remain fully functional without external dependencies.
Each published story is automatically assigned a persistent
URL, ensuring long-term accessibility and reproducibility.
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Exosomes are small nanovesicles that are released by most cell types into
blood, urine, saliva, breast milk, and other bodily fluids Raposo and Stoorvogel
2013. For much of the 30 years since their discovery, they have been
described as garbage shuttles, but recent studies have revealed their role in
cell communication and they are now seen as information shuttles Huang-
Doran et al. 2017 . Exosomes are currently the subject of intense study as
they are showing great promise for discovery of, for example, new approaches
for cancer diagnosis and therapy Barile and Vassalli 2017 5.

Model Source: Jiménez J, Autin L, Ibafiez de Caceres |, Goodsell DS.
Integrative Modeling and Visualization of J Bi 2019 Nov
27;43(2):e10. doi: 10.5210/jbc.v43i2.10331. PMID: 36406636; PMCID:
PMC9139774. 5
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Explore the envelope

Exosome Overall Structure
and Composition

Explore the mi of the vesicles with a complex

SCENE DESCRIPTION e e e

Within this minuscule orb, a rich array of proteins, genetic blueprints like nucleic
acids, and small metabolic products (omitted in this model) coexist, each
contributing to the vesicle's multifaceted functions in cellular communication and
beyond.

Next go to SurfaceProteins
Orgoto

IdealizedModel
SurfaceProteins
InteriorProteins
Metabolism

Explore

EDIT LINK
\

Editin MolViewStories + Open in Mol" Viewer - Download MVS - Source Code

FIGURE 2 Story Viewer interface. The interface presents interactive 3D molecular scenes accompanied by a scene description, and, if
provided by the author of the story, audio narration. The user can edit the story by opening it in the MolViewStories app. (a) Initial view with
interactive scene elements for navigation, (b) subsequent scene illustrating specific concepts about the structure. The figure showcases the

Exosome story described in the Results and Discussion section.

Stories are also forkable, allowing users to create modified
or extended versions for collaborative development. This
functionality enables straightforward integration into web
pages and online publications. Figure 3 illustrates the shar-
ing and reuse workflow.

Immersive visualization. Support for augmented
and virtual reality (AR/VR) provides stereoscopic ren-
dering for enhanced spatial perception and engaging
exploration in both research and education. Immersive
features are accessible through any WebXR-
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FIGURE 3 Sharing and forking.

Users can share molecular stories either
by publishing through an integrated
cloud-based service or by exporting a
self-contained package that can be

Host
independently

hosted independently. In both cases,
shared stories can be imported, edited, or

used as templates to create derived
narratives, supporting collaboration and
reuse.

Share on cloud mm

Storage Backend

Stories Viewer

FIGURE 4 MolViewStories high-level architecture diagram. MolViewStories architecture integrates user interfaces, management services,
storage, and delivery components into a unified workflow. The Story Builder Interface and Command-Line Interface (CLI) serve as authoring
tools that generate and modify stories. These are managed by the Story Manager, which handles versioning, sharing, and publishing. Stories
and related assets are stored in the Storage Backend, retrievable by the Stories Viewer for interactive display. Alternatively, stories can be
exported to Custom Hosting environments, supporting independent deployment and long-term accessibility independent from the

MolViewStories infrastructure.

compatible browser and standard VR/AR hardware and
require no additional software installation.

2.2 | Architecture and implementation
MolViewStories is built as a modular, web-based platform
that integrates molecular visualization, interactive story
authoring, and data management into a single, coherent
environment. The system architecture defines the interac-
tion between user interfaces, visualization components,
and backend services, while the implementation lever-
ages modern web technologies to ensure performance,
scalability, and long-term maintainability.

221 | Architecture
The MolViewStories architecture separates the user-
facing interfaces from the backend infrastructure to
ensure scalability, reproducibility, and extensibility. Its
design supports both interactive use and programmatic
automation, enabling smooth transitions between
graphical and command-line workflows. The main com-
ponents of the system are summarized below (see
Figure 4).

Story manager. A component that organizes user
sessions and shared stories. It allows saving, retriev-
ing, and distributing interactive stories, while also

supporting collaboration through versioning and fork-
able content.

Story builder interface. A web-based graphical inter-
face for assembling molecular stories. Users can create
scenes, define animations, and add annotations or
audio commentary, with all specifications stored in Mol-
ViewSpec for reproducibility.

Command-line interface (CLIl). A programmatic inter-
face that enables story creation, modification, and export
directly from scripts with instant live-reload functionality to
ease the development process. The CLI offers users the
ability to iterate on their story locally while getting all of the
benefits of version control while using a text editor or IDE
of choice. The output of the CLI can also be built and
shared via the web application.

Storage backend. The solution includes a persistent
cloud storage service that maintains session data and
shared stories to ensure reproducibility, long-term avail-
ability, and compatibility of interactive visualizations
across platforms. In addition to cloud-based storage
managed through the MolViewStories service, stories
can also be exported and hosted completely indepen-
dently, allowing users or institutions to deploy and
serve interactive content on their own infrastructure
without relying on external dependencies. This flexibility
supports both centralized sharing and decentralized,
self-contained distribution of the molecular stories.

Stories viewer. The rendering component is built on
top of the Mol* Viewer. It interprets MolViewSpec
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FIGURE 5 MolViewStories narratives demonstrating the range of interactive molecular storytelling. (a) Terms of Entrapment: the 1985
Cu,Zn superoxide dismutase animation remastered for real-time, user-driven exploration. (b) The Myoglobin Story: the first Molecule of the
Month, authored by David Goodsell, reimagined as an interactive narrative with animations and audio commentary. (c) The Flagellar Motor Story:
the 300th Molecule of the Month, the last entry authored by David Goodsell, reimagined as an interactive narrative with animations and audio
commentary. (d) The Exosome Story: an immersive mesoscale visualization integrating guided narration and dynamic highlighting of structural
features. (€) NPC Basket: a multi-scale integrative model of the nuclear pore complex basket illustrating structural organization and transport
dynamics. (f) Subtomogram Averages: linking cryo-ET data from whole tomogram context to atomic-level structures. (g) How AlphaFind Works:
explaining large-scale structural similarity searches using vector embeddings across protein space. (h) P450 Cytochromes with Channels:
visualizing substrate access, inhibitor binding, and channel networks in CYP3A4. (i) Composite Maps in EMDB: an interactive explanation of
composite map deposition and relationships among refinement and consensus maps. All examples are publicly available on the MolViewStories
landing page at https://molstar.org/mol-view-stories and can be used as templates for building new narratives.

definitions to produce interactive 3D scenes, supports ani-
mations, and provides an immersive AR/VR experience.

The following section outlines how these compo-
nents are realized in practice, describing the underlying
technologies, frameworks, and implementation strate-
gies that enable the functionality and performance of
MolViewStories.

2.2.2 | Implementation

The platform is implemented using the TypeScript and
Python programming languages with a modern web
technology stack that supports reproducible molecular
scene specification, high-performance rendering, and
robust backend storage. Each subsystem, ranging from
the MolViewSpec-based visualization layer to the stor-
age and authentication services, operates as an

independent module, while together they form an inte-
grated framework for creating and sharing molecular
stories. The key implementation aspects are outlined
below:

Scene specification with MolViewSpec. Molecular
scenes and animations are created by writing a script fol-
lowing MolViewSpec, a structured, machine-readable for-
mat designed for reproducible molecular visualization.
For MolViewStories, the specification is extended to cap-
ture both static states and time-dependent animations,
providing a powerful tool for molecular storytelling.

Visualization engine. The rendering layer is based on
the Mol* Viewer, which provides robust support for struc-
tural biology data. Graphics are rendered using WebGL
(https://www.khronos.org/registry/webgl/specs/latest/),
allowing efficient 3D visualization in standard web
browsers without plugins. Immersive modes are enabled
through WebXR (https://immersiveweb.dev/), extending
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support to augmented and virtual reality headsets for ste-
reoscopic exploration of molecular structures.

User interface. The web-based user interface is
implemented with Next.js (https://nextjs.org) and React
(https://react.dev), providing a modern, component-
driven framework for building interactive molecular
stories. This ensures responsive design, modularity,
and extensibility across devices.

Command-line interface (CLI). The CLI utilizes the
Deno (https://deno.com/) runtime environment which
enables TypeScript applications to be fully compiled
and distributed as a single-file binary application.

Authentication. Integration with LifeScience AAl
Login (Linden et al., 2018) provides federated authenti-
cation, allowing secure access with institutional login or
via personal accounts on GitHub, ORCID, Google, etc.

Data storage. Logged-in users can store their ses-
sions and share their stories (up to 100). Persistent stor-
age of session data and shared stories is handled via a
Flask (https://github.com/pallets/flask) backend and MinlO
(https://github.com/minio/minio), an object storage system
compatible with the Amazon S3 API. This architecture
ensures scalability and long-term data availability.

Deployment and infrastructure. The platform is
developed and versioned on GitHub, with containerized
services orchestrated using Kubernetes (https:/
kubernetes.io/) and deployed on the e-INFRA CZ
research infrastructure (https://www.e-infra.cz/). The
architecture is modular, and the APl can be deployed
independently, allowing integration into external work-
flows or customized environments.

2.2.3 | Availability

The MolViewStories user interface is freely accessible
at https://molstar.org/mol-view-stories alongside its
documentation at https://molstar.org/mol-view-stories/
docs. The complete source code is openly available
under the MIT license at https://github.com/molstar/
mol-view-stories.

3 | RESULTS AND DISCUSSION

We demonstrate MolViewStories using a diverse set of
molecular narratives that showcase its flexibility across
multiple biological contexts and visualization scales (see
Figure 5). Rather than presenting a curated selection of
“best” examples, these stories intentionally span a range
of goals, from historical reinterpretation and educational
exposition to integrative structural modeling and computa-
tional analysis. Together, they illustrate how MolViewS-
tories can accommodate different levels of narrative
depth, scientific focus, and visual complexity, depending
on author intent and audience. Each example empha-
sizes distinct platform capabilities such as animation,

audio narration, multi-scale visualization, or integration
with structural biology resources, and all can be reused or
adapted as templates for new narratives. Collectively,
these stories demonstrate how MolViewStories enables
clear, reproducible, and accessible communication of
molecular structures across research, education, and out-
reach contexts.

3.1 | Terms of entrapment/Back to the
future story (1985’s animation remastered)

The short film Terms of Entrapment (https://lwww.
youtube.com/watch?v=Jk7-CB10-yY) was a landmark
in molecular graphics, recognized at the SIGGRAPH
1985 Film and Video show (Olson et al., 1985) for its
pioneering use of real-time computer graphics to depict
the structure and function of copper—zinc superoxide
dismutase (SOD) at atomic resolution. Based on the
x-ray crystallographic structure of bovine Cu,Zn SOD
(PDB ID: 2S0D) (Getzoff et al., 1983), it visualized in
unprecedented detail how the enzyme’s Greek-key
p-barrel fold, dimeric interface, and electrostatic poten-
tial contribute to its stability and catalytic efficiency in
detoxifying superoxide radicals. In MolViewStories, this
classic animation has been faithfully re-created and
extended into an interactive experience, allowing real-
time, user-driven exploration that was technologically
impossible in 1984. The original audio tape describing
the movie was also digitized and synchronized with the
visualization to preserve its historical context.

3.1.1 | 1st molecule of the month

The Myoglobin Story is based on the very first Molecule
of the Month2025, published by David Goodsell in
January 2000 (lwasa et al., 2025), which launched what
has since become an iconic educational series. To com-
memorate this milestone, we reimagined the original Myo-
globin entry as an interactive narrative. The story is
divided into three parts covering the first protein structure
determination, the biology of myoglobin in whales, and
the principles of oxygen binding and protein dynamics. It
features interactive animations, descriptive text, and syn-
chronized audio commentary generated by Al voice
(https://levernote.com/ai-text-to-voice), allowing users to
explore PDB structures such as PDB ID 1MBN (Kendrew
et al., 1960) directly in the browser. A link to this interac-
tive version has been added to the corresponding Mole-
cule of the Month page.

3.1.2 | 300th molecule of the month

The Flagellar Motor Story is based on the 300th and
last Molecule of the Month2025 authored by David
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Goodsell before his retirement, concluding 25 years of
scientific storytelling through the Protein Data Bank’s
educational series (lwasa et al., 2025). This interactive
narrative explores the atomic and functional architec-
ture of the bacterial flagellar motor, a remarkable rotary
machine that propels bacterial motion. The story is
structured into thematic segments that describe the
organization of the motor, the molecular basis of rota-
tion, directional switching, and stator function. Through
coordinated animations, synchronized audio narration,
and real-time 3D exploration, the narrative closely inte-
grates explanation with visualization to guide the viewer
through complex mechanical concepts. While largely
faithful to the original educational material, the interac-
tive format highlights how tightly coupled narration and
visual emphasis can enhance understanding and also
illustrates opportunities for further refinement of legacy
content within interactive storytelling frameworks.

3.1.3 | Exosome story

The Exosome Story was originally introduced as a
guided tour in Mesoscale Explorer (https://molstar.org/
me/viewer/?example=cellpack-exosome-tour&hide-
controls=1), providing one of the first narrative-driven
explorations of mesoscale models accessible to a
broad audience. Exosomes are nanoscale vesicles
secreted by most cell types into bodily fluids such as
blood, saliva, and breast milk. Once thought to be mere
cellular garbage shuttles (Raposo & Stoorvogel, 2013),
they are now recognized as information carriers in inter-
cellular communication (Huang-Doran et al., 2017),
with important implications for cancer diagnostics and
therapy (Barile & Vassalli, 2017). The underlying 3D
structural model of the exosome is described in Jimé-
nez et al. (Jiménez et al., 2019) We ported this guided
tour and enriched it with descriptive audio to bring the
narrative to life, along with new interactive animations,
including clipping planes and emissive illumination, that
dynamically highlight proteins and structural features.
By combining integrative modeling, interactive narra-
tion, and enhanced visualization, this work transforms
static exosome models into an immersive molecular
storytelling experience.

3.1.4 | NPC basket

This story illustrates the structure of the yeast nuclear
pore complex (NPC) basket as determined by integra-
tive modeling using cryo-electron tomography and
crosslinking data (Singh et al., 2024). The NPC, com-
posed of over 500 proteins, mediates all molecular traf-
fic between the nucleus and cytoplasm. The flexible,
cage-like basket on the nuclear side facilitates mRNA
transport and chromatin organization. The story
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focuses on the overall architecture and integrative
structural organization of the basket, using animations
and annotations to describe how its suspension-
bridge-like design is stabilized by anchored proteins
connected to the nuclear ring, with coiled filaments
extending into the nucleoplasm. Visualization of coarse-
grained and Gaussian surface representations provides
insight into the basket's modular organization, flexibility,
and transport dynamics, illustrating the potential of Mol-
ViewStories for multi-scale visualization of integrative
structures. As illustrated by the other examples, the plat-
form also provides the capability to incorporate additional
biological detail, such as conformational variability or
intrinsic disorder, further enriching the depiction of NPC
function.

3.1.5 | Subtomogram averages

This story presents atomic models derived from subto-
mogram average volumetric data within its associated
tomographic data, linking large-scale macromolecular
organization to atomic detail. It begins with a
low-resolution overview of an entire tomogram, where
particles (macromolecules) are identified as spheres to
indicate macromolecular spatial distribution, and then
zooms into a single particle for a detailed view. Finally,
a tomogram slice is displayed, superimposing a subto-
mogram average and the corresponding atomic model.
Averaging is essential because single subtomograms
extracted from tomograms have a low signal-to-noise
ratio due to the limited electron dose used to image the
specimen without destroying it. By aligning and averag-
ing hundreds or more subtomograms of the same parti-
cle, random noise averages out, and the structural
signal is amplified, significantly improving the signal-
to-noise ratio. This enhancement can resolve sufficient
detail for atomic-level interpretation, which would be
impossible from single subtomograms alone (Wan &
Briggs, 2016). Particle positions and orientations were
derived from a RELION (Bharat et al.,, 2015;
Scheres, 2012) star file and used to position each sub-
tomogram within the tomogram volume. The atomic
model fitted to a subtomogram average represents a
gag protein fragment from HIV-1 (Schur et al., 2016).
The story demonstrates how cryogenic-sample electron
tomography (cryoET) data can be explored interac-
tively, highlighting the relationships of large-scale mac-
romolecular and cellular-scale organization to
molecular- and atomic-scale structures.

3.1.6 | How AlphaFind works

This story demonstrates large-scale protein structural
similarity search using the Cytochrome P450 enzyme
family as a representative example. It begins with an
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animation of a 3D alignment between two P450
structures, showing how similarity metrics such as the
TM-score (Zhang & Skolnick, 2004) quantify structural
relationships. The narrative then shifts to explain how
such comparisons are scaled computationally. The
Cytochrome P450 from maize (https://www.uniprot.org/
uniprotkb/AOA1D6JW22) is visualized as a molecular
graph in which nodes exchange information through
message passing, generating a compact vector
embedding that captures key spatial and chemical fea-
tures of the protein. The story then transitions into an
interactive depiction of this embedding space, illustrat-
ing how structural neighbors are identified rapidly
through proximity in the learned representation.
This approach underlies tools such as AlphaFind
(Prochazka et al., 2024), which use vector embeddings
to efficiently screen more than 200 million structures
from the AlphaFold Protein Structure Database (Varadi,
Anyango, et al., 2022), quickly narrowing the search to
the most relevant candidates for detailed structural
alignment.

3.1.7 | P450 cytochromes with channels
This story focuses on the structural features of human
cytochrome P450 3A4 (CYP3A4), a key enzyme
responsible for metabolizing a significant proportion of
clinically used drugs (Zanger & Schwab, 2013). The
narrative examines the enzyme’s deeply buried active
site, defined by the heme catalytic center and a flexible
region containing a cluster of phenylalanine residues
crucial for substrate recognition and binding (Williams
et al.,, 2004). The story presents the visualizations of
substrate access channels that connect this active site
to the external environment. These channels were
identified using the computational tool MOLEonline
(Pravda et al., 2018). The story illustrates how inhibitors
like ketoconazole bind within these channels to block
substrate access and modulate enzyme activity
(Ekroos & Sjogren, 2006).

3.1.8 | Composite maps in EMDB

Composite map deposition remains a common source
of confusion for contributors to the Electron Microscopy
Data Bank (EMDB). According to the community rec-
ommendations established in 2020 (Kleywegt
et al., 2024), composite map submissions must include,
as distinct entries, the composite map, the constituent
focused refinement maps, and a corresponding con-
sensus or full map. This format allows separate valida-
tion while maintaining explicit cross-references
between entries. To aid understanding, the EMDB now
provides a Composite Map Deposition Guide (https://
www.ebi.ac.uk/emdb/pages/documentation/deposition/

composite_map). With MolViewStories, this process is
presented interactively, showing how composite maps
relate to their focused and consensus counterparts,
helping depositors and reviewers visualize complex
map hierarchies.

3.1.9 | MolViewSpec feature tutorial

This tutorial story serves as a guided walkthrough of
MolViewSpec features and syntax. Each component
of the specification is illustrated with a minimal working
example, accompanied by JavaScript code snippets
and direct links to the documentation. It provides new
users with a structured introduction to authoring molec-
ular stories, showcasing how MolViewSpec can cap-
ture both static scenes and dynamic animations
reproducibly.

3.2 | Future work

The development of MolViewStories presented in this
work establishes a solid technical and conceptual foun-
dation for interactive molecular storytelling. Building on
this framework, future efforts will focus on extending
accessibility, automation, and integration with existing
scientific resources to enhance both research and edu-
cational impact. The directions outlined below highlight
ongoing and planned initiatives aimed at broadening
the platform’s functionality and reach.

Al and LLMs. The rapid advancement of generative
Al and conversational systems is transforming how sci-
entific content is created and shared. Within MolViewS-
tories, we have already experimented with tools such
as DeepWiki, ChatGPT, and Evernote to assist in draft-
ing narrative text and generating illustrative examples.
Looking ahead, integration of Al capabilities could fur-
ther streamline story creation and interaction. The
declarative structure of the MolViewSpec API lends
itself naturally to code completion and natural-lan-
guage—based scene generation, while dynamic mark-
down and dialogue-driven interfaces could enable
users to request contextual explanations or visual
adjustments in real time. Although current Al-generated
molecular animations remain limited in accuracy, the
curated and structured examples produced through
MolViewStories can serve as valuable training
resources for future systems, fostering the develop-
ment of more reliable, data-driven molecular visualiza-
tion methods.

Ul-driven builder. The current implementation
requires users to construct stories via code. A fully Ul-
driven builder is planned to lower the entry barrier, mak-
ing story creation more accessible to a broader user
base, including those without programming expertise.
In particular, interactive Ul elements and gizmo helpers
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will greatly assist in designing camera paths and pro-
tein motions.

Integration with structural biology resources. Future
work will also focus on integration with major structural
biology repositories. In collaboration with PDBe and
RCSB PDB, MolViewStories could be incorporated into
deposition systems and structure pages, providing
interactive visualizations alongside deposited data.

Educational and outreach content. Ongoing collabo-
ration with PDBe and RCSB PDB aims to extend the
Molecule of the Month series with immersive, interac-
tive narratives. By combining guided storytelling with
augmented and virtual reality (AR/VR) visualization,
these materials will make molecular structures more
engaging and intuitive, supporting classroom teaching,
public exhibitions, and broader science outreach.

4 | CONCLUSION

MolViewStories provides an open, accessible, and exten-
sible platform for creating and sharing interactive molecu-
lar visualizations. By combining a graphical and code-
based story builder with a robust visualization engine, it
enables researchers, educators, and students to move
beyond static figures and engage with molecular data
through dynamic, narrative-driven presentations. The plat-
form supports reproducibility through the MolViewSpec
format, offers flexible interfaces for both exploratory and
automated use, and facilitates long-term sharing through
standalone, web-compatible packages.

The example stories presented here demonstrate
how complex structural data can be transformed into
clear, engaging, and reusable narratives for research,
education, and outreach. Looking forward, continued
integration with community databases and expansion
of authoring tools will further lower barriers to participa-
tion and sustain the growth of interactive molecular
storytelling.

Together, these developments position MolViewS-
tories as a foundation for open, transparent, and acces-
sible communication of structural biology data.
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