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nobel chemistry 2017 was awarded to Jacques Dubochet, Joachim Frank, and Richard Henderson
for their groundbreaking contributions to the field of cryo-electron microscopy. This revolutionary
technique has transformed the way scientists visualize biomolecules, enabling them to capture high-
resolution images of complex structures in their native states. The 2017 Nobel Prize in Chemistry
not only highlighted the innovation in imaging technology but also underscored the importance of
understanding biological processes at the molecular level. This article will delve into the significance
of cryo-electron microscopy, explore the individual contributions of the laureates, and discuss the
broader implications of their work on science and medicine. Additionally, we will provide a detailed
overview of the advancements in structural biology that have emerged from this research.
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Overview of Cryo-Electron Microscopy

Cryo-electron microscopy (cryo-EM) is a revolutionary imaging technique that allows scientists to
observe the structures of biomolecules at near-atomic resolution. The method involves rapidly
freezing biological samples and imaging them using electron beams. This process preserves the
native state of the biomolecules, avoiding the artifacts that can occur with traditional imaging
techniques. The significance of cryo-EM lies in its ability to provide high-resolution structural
information while maintaining the biological integrity of the samples.

The Process of Cryo-Electron Microscopy

The process of cryo-EM involves several critical steps:

Sample Preparation: Biological specimens are rapidly frozen to preserve their structure.1.

Data Acquisition: Electron microscopes capture images of the frozen samples from multiple2.
angles.



Image Processing: Advanced algorithms reconstruct the 3D structure from the 2D images3.
obtained.

This technique has been instrumental in visualizing complex protein structures, viruses, and
macromolecular assemblies. As a result, cryo-EM has opened new avenues in the study of molecular
biology and biochemistry.

The Laureates and Their Contributions

The 2017 Nobel Prize in Chemistry was awarded to three distinguished scientists: Jacques Dubochet,
Joachim Frank, and Richard Henderson. Each laureate made significant contributions that
collectively advanced the field of cryo-electron microscopy.

Jacques Dubochet

Jacques Dubochet's work primarily focused on the development of methods to prepare biological
samples for cryo-EM. His pioneering techniques allowed for the successful vitrification of samples,
which is essential for capturing high-quality images. By freezing samples in a way that prevents the
formation of ice crystals, Dubochet's methods enabled the visualization of biomolecules in their
natural state, leading to a deeper understanding of their function and structure.

Joachim Frank

Joachim Frank contributed significantly to the field through his development of image processing
techniques that are crucial for interpreting cryo-EM data. Frank's algorithms allow researchers to
analyze the vast amounts of data generated during imaging, facilitating the reconstruction of 3D
structures from 2D images. His work has been fundamental in making cryo-EM a powerful tool for
structural biology.

Richard Henderson

Richard Henderson is renowned for his groundbreaking work in using electron microscopy to
determine the structure of proteins. He was one of the first researchers to successfully employ cryo-
EM to solve the structures of complex proteins, establishing methodologies that are now standard in
the field. Henderson's contributions have paved the way for numerous discoveries in protein
structure and function.



Implications for Structural Biology

The advancements in cryo-electron microscopy have vast implications for the field of structural
biology. By enabling high-resolution imaging of biological macromolecules, cryo-EM has transformed
our understanding of various biological processes and diseases. Researchers can now visualize how
proteins interact with one another, how viruses infect cells, and how cellular machinery operates at
the molecular level.

Applications in Drug Discovery

One of the most significant impacts of cryo-EM is its application in drug discovery. By providing
detailed images of target proteins and their interactions with potential drug candidates, researchers
can design more effective therapeutics. This is particularly beneficial for complex diseases such as
cancer and neurodegenerative disorders, where understanding protein interactions is key to
developing effective treatments.

Contributions to Vaccine Development

Cryo-EM has also played a crucial role in vaccine development, particularly in the study of viruses.
The ability to visualize viral structures has accelerated the design of vaccines, including those for
influenza and COVID-19. By understanding the structure of viral proteins, scientists can develop
vaccines that effectively elicit an immune response.

Future Directions in Research

The field of cryo-electron microscopy continues to evolve, with ongoing research aimed at improving
imaging techniques and expanding their applications. Future directions include:

Enhancing Resolution: Ongoing efforts to improve the resolution of cryo-EM will enable
even more detailed imaging of smaller biomolecules.

Real-Time Imaging: Developing methods for real-time imaging of dynamic biological
processes is a key goal.

Integration with Other Techniques: Combining cryo-EM with other imaging modalities,
such as X-ray crystallography and NMR spectroscopy, will provide a more comprehensive
understanding of biomolecular structures.

These advancements will further solidify cryo-EM as an essential tool in molecular biology,
biochemical research, and drug development.



Conclusion

The awarding of the Nobel Prize in Chemistry 2017 to Jacques Dubochet, Joachim Frank, and
Richard Henderson marks a significant milestone in the field of structural biology. Their
contributions to cryo-electron microscopy have not only revolutionized imaging techniques but have
also paved the way for new discoveries in medicine and biology. As research continues to advance,
the potential for cryo-EM to unlock the mysteries of life at the molecular level is boundless,
promising exciting developments in our understanding of health and disease.

Q: What is cryo-electron microscopy?
A: Cryo-electron microscopy (cryo-EM) is an imaging technique that allows scientists to visualize
biomolecules in their native states at near-atomic resolution by rapidly freezing samples and imaging
them with electron beams.

Q: Who were the Nobel laureates in Chemistry 2017?
A: The Nobel Prize in Chemistry 2017 was awarded to Jacques Dubochet, Joachim Frank, and
Richard Henderson for their pioneering work in cryo-electron microscopy.

Q: Why is cryo-EM significant in structural biology?
A: Cryo-EM is significant because it enables high-resolution imaging of biological macromolecules,
allowing researchers to study complex structures and interactions within cells and proteins without
inducing artifacts.

Q: How has cryo-EM impacted drug discovery?
A: Cryo-EM has impacted drug discovery by providing detailed structural information about target
proteins, facilitating the design of more effective therapeutic agents, and accelerating the
development of vaccines.

Q: What are some future directions for cryo-EM research?
A: Future directions for cryo-EM research include enhancing resolution, developing real-time
imaging capabilities, and integrating cryo-EM with other structural biology techniques to gain
comprehensive insights into biomolecular functions.

Q: What challenges were overcome in the development of cryo-



EM?
A: Challenges in cryo-EM development included the need for effective sample preparation to prevent
ice crystal formation, the development of sophisticated image processing algorithms, and the ability
to obtain high-quality images from complex biological samples.

Q: How does cryo-EM compare to traditional electron
microscopy?
A: Cryo-EM differs from traditional electron microscopy as it preserves the native state of biological
samples, allowing for higher resolution images of dynamic processes, whereas traditional techniques
often require staining or fixation that can alter the sample's structure.

Q: What breakthroughs have been achieved with cryo-EM
since 2017?
A: Since 2017, breakthroughs in cryo-EM include the visualization of complex protein assemblies,
detailed studies of membrane proteins, and advancements in real-time imaging, significantly
enhancing our understanding of cellular processes.

Q: Can cryo-EM be used for studying viruses?
A: Yes, cryo-EM is particularly valuable for studying viruses, as it allows researchers to visualize
viral structures in detail, aiding in vaccine development and understanding viral mechanisms of
infection.

Q: What role did the Nobel Prize play in promoting cryo-EM?
A: The Nobel Prize in Chemistry 2017 significantly raised awareness and interest in cryo-EM,
encouraging further research and development in the field, and highlighting its importance in
modern biology and medicine.
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