
 

New technique transplants mitochondria
from one living cell to another
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Schematic of organelle extraction and injection using FluidFM. (A) Extraction
volumes are tuned by applying negative pressure (−Δp). Probe prefilling with
octadecafluorooctane allows for optical and physical separation of the extract
within the cantilever. (B) Selective extraction of organelle components by tuning
the aperture size and thus the applicable range of applied fluidic forces. Top row:
schematic view of extracted cell components inside the cantilever. Middle row:
scanning electron microscopy images of cantilever apexes with different
apertures. Bottom row: range of applicable fluidic forces with adapted FluidFM
cantilevers. Scale bar: 2 μm. (C) Schematic of mitochondria injection into single
cells by applying positive pressure (+Δp) once the cantilever was inserted into
the recipient cell. The data underlying Fig 1B can be found in S1 Data. ER,
endoplasmic reticulum. Credit: PLOS Biology (2022). DOI:
10.1371/journal.pbio.3001576
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In a technological breakthrough, researchers at ETH Zurich have
announced the development of a new technique that can transplant
mitochondria—the tiny powerhouses of the cell—from one living cell to
another with unparalleled efficiency.

Just as the human body can be divided into different organs—such as the
heart, lungs, kidneys, intestine or liver—our cells also consist of several
complementary and interdependent systems. These are referred to as
organelles, meaning small organs. And much as we are sometimes able to
add several decades to the life of a patient with kidney disease by
transplanting a healthy kidney, we may one day also be able to
rejuvenate individual cells by transplanting cell components.

With the help of a nanosyringe

This prospect may sound like science fiction, but new findings from the
research group led by Julia Vorholt at the Institute of Microbiology at
ETH Zurich suggest that it has now reached the point of technical
feasibility. In their research, recently published in the journal PLOS
Biology, the group successfully used a "nanosyringe" they had previously
developed to transplant mitochondria from one living cell to another.

Mitochondria are the tiny powerhouses of the cell where the processes of
cellular respiration take place—processes that originally evolved in
bacteria more than 2 billion years ago. Over time, some bacteria joined
with other cells to form an interdependent community in a process called
endosymbiosis, which played a major role in the evolutionary
development of life on Earth. Endosymbiosis is ultimately what led to
the evolution of all multicellular organisms that consist of complex
cells—from fungi and plants to animals, including humans.

From threads to strings of pearls
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Endosymbiosis caused ancient bacteria to gradually evolve into
mitochondria, the organelles that are responsible for energy production
in today's complex cells. In human cells, mitochondria form a dynamic,
threadlike network. "The threads respond to negative pressure and
transform into something like a string of pearls, from which individual
mitochondria subsequently pinch off," says Christoph Gäbelein, lead
author of the paper.

Using cylindrical nanosyringes that were specially developed for this
study, the researchers pierced the cell membrane and sucked up the
spherical mitochondria. They then pierced the membrane of a different
cell and pumped the mitochondria back out of the nanosyringe into the
recipient cell.

The position of the nanosyringe is controlled by laser light from a
converted atomic force microscope. A pressure regulator adjusts the
flow, allowing scientists to transfer incredibly small volumes of fluid in
the femtolitre range (millionths of a millionth of a milliliter) during
organelle transplants. "Both the donor and acceptor cells survive this
minimally invasive procedure," Gäbelein says.

Cell rejuvenation

The transplanted mitochondria also have a high survival rate—more than
80 percent. In most cells, the injected mitochondria begin to fuse with
the filamentous network of the new cell 20 minutes after transplantation.
"The host cell accepts them," Vorholt says. This holds true in most cases,
though in a few cells they fall victim to the host cell's quality control
system and are degraded.

In their paper, the researchers write that "the technique presented in this
paper will facilitate applications in various areas of research in the
future." It is conceivable that it could be used to rejuvenate stem cells,
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which exhibit a decline in metabolic activity as they age. But Vorholt's
team is currently pursuing other plans: "We want to understand the
processes that control how different cell compartments cooperate—and
we hope to unravel how endosymbioses develop over evolutionary time,"
Vorholt says.

  More information: Christoph G. Gäbelein et al, Mitochondria
transplantation between living cells, PLOS Biology (2022). DOI:
10.1371/journal.pbio.3001576
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