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Al and Cryo-EM: A Powerful Alliance for
Unraveling Biological Mysteries

March 17, 2023 by Halyna Buvailo

As we delve deeper into the uncharted territories of biotechnology, the convergence of artificial
intelligence (Al) and cryo-electron microscopy (Cryo-EM) has emerged as a powerful partnership for
unlocking complex biological structures. In this blog post, we'll explore how Al is enabling Cryo-EM,
enhancing our understanding of molecular architecture, and accelerating drug discovery. We'll also
spotlight some pioneering companies developing Cryo-EM technology, and integrating Al to transform the
field.

Unraveling the Al and Cryo-EM Connection

Cryo-EM is a cutting-edge microscopy technique that allows researchers to visualize biological molecules
at near-atomic resolution. It involves flash-freezing samples in a thin layer of ice, preserving their native
structure, and eliminating the need for crystallization. However, Cryo-EM generates massive amounts of

data, presenting a significant challenge in analysis and interpretation.

Enter Al. Deep learning algorithms, a subset of Al, have proven highly effective in handling the massive
datasets generated by Cryo-EM. They help automate image analysis, improve particle picking, and
facilitate the reconstruction of high-resolution structures from noisy data. By harnessing the power of Al,

researchers can now process and interpret Cryo-EM data more efficiently and accurately.

Notable Players in the Cryo-EM and Al Space

Thermo Fisher Scientific
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Thermo Fisher Scientific is a leading provider of Cryo-EM instruments, such as the Titan Krios and
Glacios transmission electron microscopes. Their software, EPU, incorporates Al-based algorithms to
automate and optimize the data acquisition process. By continuously improving their hardware and

software, Thermo Fisher plays a vital role in advancing Cryo-EM technology.

RELION

RELION (REgularized Llkelihood OptimizatioN) is an open-source software package for Cryo-EM data
processing, developed by researchers at the MRC Laboratory of Molecular Biology. RELION employs a
Bayesian approach to statistical estimation and incorporates Al techniques to enhance the accuracy and
efficiency of Cryo-EM data analysis. Its widespread adoption by the scientific community reflects the

growing importance of Al in Cryo-EM.

CryoSPARC

Developed by Structura Biotechnology, CryoSPARC is a software platform that utilizes Al algorithms to
streamline Cryo-EM data processing. With its user-friendly interface and powerful computational
capabilities, CryoSPARC enables researchers to extract valuable insights from Cryo-EM data rapidly,

expediting the structure determination process and accelerating drug discovery.

Challenges in Cryo-EM and Al Integration

Despite the transformative impact of Al and Cryo-EM, several challenges remain. One significant hurdle is
sample preparation. Achieving a uniform ice thickness and optimal distribution of particles is crucial for
high-quality data but can be difficult to attain consistently. Sample heterogeneity can also hinder accurate

analysis, as various conformations and orientations of molecules may complicate data interpretation.

Another challenge lies in the computational requirements for Cryo-EM data processing. The integration of
Al demands powerful hardware, high-performance GPUs, and substantial storage capacity. Many
research institutions and smaller laboratories may lack the resources to fully harness Al's potential in

Cryo-EM, which can limit their ability to analyze vast datasets efficiently.
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RELATED: Al-powered Cryo-EM Attracts Big Bucks And Promises To Disrupt Structural Biology

Additionally, as Al algorithms become more sophisticated, it is essential to ensure their transparency and
reproducibility. The "black box" nature of some deep learning models can obscure the decision-making
process, raising concerns about the validity and reliability of the results. Researchers must remain vigilant
in validating Al-driven Cryo-EM findings, and the scientific community must work together to establish

best practices and guidelines for Al integration in this field.

Despite these challenges, the collaboration of Al and Cryo-EM continues to push the boundaries of
biotechnology, enabling researchers to study complex biological structures with unprecedented precision.
By addressing these obstacles and refining the integration of Al, the future of Cryo-EM promises to unlock

further breakthroughs in drug development and the understanding of fundamental biological processes.
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