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DESCRIPTION
Cryo-Electron Microscopy (cryo-EM) is an innovative imaging 
technique that has transformed the field of structural biology. 
This powerful method allows scientists to visualize biological 
macromolecules in their native, hydrated states at near-atomic 
resolution, offering better understanding into the structure and 
function of proteins, viruses and other complex biological 
assemblies. As the demand for high-resolution structural 
information continues to grow, cryo-EM has emerged as a key 
tool in the life sciences, providing a means to study the 
complexities of biological systems that were previously 
inaccessible.

Principles of cryo-EM

Cryo-EM combines the principles of EM with cryogenic 
techniques to preserve biological specimens in a state that closely 
resembles their natural environments. Unlike traditional 
electron microscopy, which requires samples to be dehydrated 
and stained, cryo-EM allows for the imaging of samples that are 
rapidly frozen to preserve their original conformations.

Sample preparation: The first step in cryo-EM is the 
preparation of the biological sample. Typically, proteins or other 
biomolecules are purified and then suspended in a buffer 
solution. A thin layer of this solution is applied to a grid made 
of a thin film of metal or carbon. The grid is then rapidly 
plunged into liquid ethane at approximately -183°C. This quick 
freezing process coats the water surrounding the sample, forming 
a glass-like state that preserves the sample without the formation 
of ice crystals, which can disrupt the structure.

Electron Microscopy (EM): Once the sample is frozen, it is 
placed in a cryo-EM. In this specialized microscope, a beam of 
electrons is directed at the sample. Unlike light microscopy, 
which uses visible light to illuminate the sample, EM uses 
electrons, which have much shorter wavelengths, allowing for 
higher resolution imaging. The electrons interact with the 
sample and the resulting images are captured by detectors.

Advantages of cryo-EM

Cryo-EM offers several advantages over traditional structural 
biology techniques such as X-ray crystallography and Nuclear 
Magnetic Resonance (NMR) spectroscopy:

Minimal sample preparation: One of the most significant 
benefits of cryo-EM is the minimal sample preparation required. 
Unlike X-ray crystallography, which necessitates that 
biomolecules be crystallized—an often challenging and time-
consuming process-cryо-EM allows researchers to study samples 
in a more native state. This is particularly advantageous for 
membrane proteins and large complexes that are difficult to 
crystallize.

Near-atomic resolution: Advancements in cryo-EM technology 
have enabled researchers to achieve near-atomic resolution in 
many cases. Recent improvements in detector technology, 
electron optics and image processing algorithms have allowed 
scientists to visualize the positions of individual atoms within a 
protein complex. This level of detail is essential for 
understanding molecular interactions, conformational changes 
and mechanisms of action.

Studying dynamic processes: Cryo-EM is uniquely suited for 
studying dynamic biological processes, such as protein folding, 
conformational changes and interactions with ligands. By 
collecting images of samples at different time points or under 
varying conditions, researchers can gain appreciation into the 
dynamics of molecular machinery in action, which is often lost 
in static structural techniques.

Applications of cryo-EM

Cryo-EM has found applications across a wide range of 
biological disciplines, from virology to neurobiology. Some of 
the important areas of research include-

Structural biology of proteins: Cryo-EM has become a powerful 
tool for explaining the structures of large protein complexes that 
were previously challenging to study. For example, researchers 
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and how their dysregulation can lead to conditions like Alzheimer’s 
Disease (AD).

CONCLUSION

Cryo-EM has emerged as a revolutionary tool in structural 
biology, providing a window into the molecular world with 
unusual detail. Its ability to visualize biomolecules in their 
native states and at near-atomic resolution has opened new 
avenues for research across various disciplines. As technology 
continues to advance and challenges are addressed, cryo-EM is 
assured to remain at the front of biological discovery, providing 
understanding of the complex structures and dynamics that 
govern life at the molecular level. With its expanding 
applications and growing importance, cryo-EM is shaping the 
future of structural biology and our understanding of the 
fundamental processes of life.
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have successfully determined the structures of the ribosome, the 
proteasome and other large multiprotein assemblies. By 
visualizing these complexes, scientists can gain appreciation into 
their functions and mechanisms, contributing to our 
understanding of cellular processes.

Virology: The study of viruses has greatly benefited from cryo-
EM techniques. Researchers have used cryo-EM to determine 
the structures of various viruses, including influenza, zika and 
the coronavirus responsible for COVID-19. These structural 
clarifications have been important for understanding viral entry 
mechanisms, assembly and interactions with host cells, which 
can inform the design of vaccines and antiviral drugs.

Neurobiology: Cryo-EM is also playing a significant role in 
neurobiology, particularly in the study of synaptic proteins and 
neurodegenerative diseases. By imaging the structures of 
neurotransmitter receptors and other synaptic components, 
researchers can better understand how these proteins function 
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