
 

Integrating AI with super-resolution
microscopy for advancements in cellular
biology
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MCS-DETECT captures MERC changes induced by RRBP1 knockdown.

In 2014, the Nobel Prize in Chemistry celebrated the breakthroughs in
super-resolution microscopy, a technology that allows us to capture
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highly detailed images of small parts of cells using fluorescent
microscopy. Despite its success, the resolution of super-resolution
microscopy still can't show tiny distances between organelles in cells.

This gap is where Artificial Intelligence (AI) and Biomedical Computer
Vision intersect, as researchers from SFU Computing Science and UBC
School of Biomedical Engineering and Life Sciences Institute reveal
how AI enhances super-resolution microscopy capabilities and
contributes to cellular biology advancements. Their mission is clear: to
overcome the limitations of hardware (super-resolution microscopy)
through innovative algorithms (AI).

Their latest work, published in the Journal of Cell Biology, introduces a
scalable reconstruction algorithm called MCS-DETECT. This novel
algorithm is like a digital detective, detecting membrane contact sites
(MCS) in large microscopy volumes without the need for segmentation.
This groundbreaking research showcases how AI software can enhance
the capabilities of super-resolution microscopy.

Interdisciplinary approach to cellular biology and
disease research

The collaboration between Ben Cardoen, Ghassan Hamarneh, Kurt
Vandevoorde, Guang Gao, Milene Ortiz Silva, and Ivan Robert Nabi
emphasizes the importance of understanding cell function in health and
disease. The team uses super-resolution microscopy to capture images of
small parts of cells and their interactions. The key innovation is in
developing an algorithm that quantifies these interactions without the
need for labor-intensive segmentation.

Unlike existing approaches, their algorithm can handle changes in
intensity and adapts to different intensities in channels and cells. It
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avoids segmentation, which usually requires labor-intensive pixel
annotation that is impractical at the microscopic level.

The significance of this research extends beyond the laboratory. It helps
us understand cellular biology and the mechanisms underlying complex
diseases such as neurodegenerative and metabolic disorders. The team's
work may help find new cellular connections, paving the way for faster
and more precise insights into affected cells, leading to improved
understanding and targeted disease treatments.

Real-world implications

The research findings extend into the real world, impacting drug
discovery, cellular health, and our understanding of cells' responses to
stress and infection. The tool, MCS-DETECT, developed by the
researchers, can detect contacts that affect mitochondrial health and
metabolism and are implicated in many diseases. The new research will
help scientists analyze how genomic or pharmaceutical disruptions affect
cellular health and gain insights.

The researchers have presented their findings and made their source
code and tools available, promoting transparency and encouraging
further exploration by the scientific community. The team is currently
delving into the complex role of riboMERCs and applying their tool to
live cells to explore dynamic interactions.

The research received a substantial grant, emphasizing the recognition of
its potential from the project's start. This work has implications beyond
academics. It can influence future research trajectories and open new
doors for researchers.

New discoveries
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By integrating AI with super-resolution microscopy, cellular biology is
advancing in new and exciting ways. This interdisciplinary approach not
only pushes the boundaries of computer science applications but also
holds the promise of unraveling the mysteries of cellular biology and
contributing to the development of targeted treatments for devastating
diseases.

As the researchers continue to explore new avenues, we can anticipate
more precise and groundbreaking insights into the invisible world within
our cells.

  More information: Ben Cardoen et al, Membrane contact site
detection (MCS-DETECT) reveals dual control of rough
mitochondria–ER contacts, Journal of Cell Biology (2023). DOI:
10.1083/jcb.202206109
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