Zebrafish, Extracellular Vesicle Biology
& Safe-by-Design RNA Origami

Yuya Hayashi
Laboratory for Bioinspired Nanomedicine (MBG & iNANO)
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dpf, days-post-fertilization. mpi/hpi, minutes-/hours-post-injection.
CLSM, confocal laser scanning microscopy. CLEM, correlative light-electron microscopy. TEM, transmission electron microscopy.

In connection with a 5-year project funded by Novo
Nordisk Foundation, this year we offer several project
possibilities in which you will learn modern techniques
in molecular biology, bioimaging and nanomedicine.
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What messages are conveyed by EVs via
the bloodstream to recipient cells? How can
we translate the EV biology into nanomedicine? We seek answers to these questions by
nanoscience approaches, bioinformatics and
4D imaging of live transgenic embryos.
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Why zebrafish, not mice? They allow us to
“visualize" unsolved mysteries in biology
such as the mechanisms of extracellular
vesicles (EVs) in cell-cell communication.
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S

eeing is believing – Starring zebrafish
as a model organism, we explore new
frontiers in biomedicine through imaging
life at the interface with nanotechnology.
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What we do

e-mail: yuya.hayashi@mbg.au.dk
web: mbg.au.dk/yuya-hayashi/

NA

lines with a cell type-specific fluorescent protein reporter
T ransgenic
allow us to study the dynamic and interacting behaviour of cells

such as macrophages and how (injected) nanoparticles are cleared
from the bloodstream. This power of whole-embryo bioimaging
can then be combined with electron microscopy (TEM/CLEM)
to visualize those biological processes at the nanoscale.
The zebrafish model also has a screening capacity
that enables testing of multiple nanoformulations within a short-time period.
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Main collaboration partner:
Prof. Jørgen Kjems (iNANO/MBG)

Recent publications from the group
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origami uses RNA as molecular building blocks that
R NA
self-assemble into programmable 3D nanostructures.

We focus on its biomedical application using zebrafish as
a screening model to develop a multi-functional RNA
origami without undesired antiviral responses. In particular, we look at key determinants of nucleic acid
sensing and inflammation to unravel how life "sees"
artificial RNA architectures. Our goal is thus to
pave the road for a safe-by-design approach.

Other projects in collaboration with Dept. of Biomedicine are also available!
1. "Differential Nanoparticle Sequestration by Macrophages and Scavenger Endothelial Cells Visualized in Vivo in Real-Time
and at Ultrastructural Resolution" in ACS Nano (2020) doi: 10.1021/acsnano.9b07233
2. "Tracing the In Vivo Fate of Nanoparticles with a Non-Self Biological Identity"
in ACS Nano (2020) doi: 0.1021/acsnano.0c05178

RNA origami design and screening

(High stability & low immunogenicity)
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xtracelluler vesicles (EVs) were once believed to be just
waste released from cells. Over the past decades we have
started to appreciate the many faces of EVs – they are indeed
bags filled with secrets. Using zebrafish as an in vivo model,
we study EVs of various origins on their dynamic behaviour in
the bloodstream and how they are trapped by cells. We
have also developed a method to profile the biomolecular cargo of EVs "in transit" from donor cells. Our aim is
to capture snapshots of conversation between cells
and thus to identify novel therapeutic targets.
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Tissue dissociation & EV cargo profiling
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Main collaboration partners:
Assoc. Prof. Ebbe Sloth Andersen
Prof. Jørgen Kjems (iNANO/MBG)

