
Cryo-Tomography for Cell Biology
Viewing the inner workings of cells

High-resolution cryo-electron 
tomography (cryo-ET) avoids the 
alterations caused by conventional 
preparation techniques such as chemical 
fixation, allowing for imaging of cellular 
morphology in fully hydrated conditions. 
To help researchers understand complex 
biological mechanisms, proteins 
structures and complexes are imaged in 
3D at nanoscale resolution within a cell 
while maintaining their context. 
Using cryo-ET for sub-cellular imaging
Understanding the structural basis for cellular processes is 
essential for understanding how cells function.  Most cellular 
structures, proteins and organelles are too small to be resolved 
by light microscopes, but can be resolved by a cryo-electron 
microscope (cryo-EM). However, single particle cryo-EM 
is limited to highly purified and isolated proteins lacking a 
connection to the cellular context. Cryo-electron tomography 
expands cryo-EM by visualizing proteins that contribute to a 
mechanism within their functional cellular environments from a 
flash-frozen cell—all within a single cryo-ET 3D dataset.

Our integrated cryo-electron tomography workflow provides 
label-free, fixation-free, nanometer-resolution imaging of targeted 
regions from light microscopy. Seeing the entire picture on 
multiple levels, from molecules to organelles, complements 
existing dynamic techniques for highly accurate data to enable 
breakthrough discoveries.
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Close up on COPs. To keep a city running, traffic must flow. 
The same goes for cells. Cargo is packaged up in vesicles 
in a structure called the Golgi and transported throughout 
the cell. Some vesicles are coated in a protein called COP1, 
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which controls vesicle traffic through the Golgi. The structure 
of the mammalian version of COP1 was uncovered from 
experiments conducted outside the cell. Researchers have 
now investigated the structure of COP1 in its native habitat by 
studying COP1 in Chlamydomonas reinhardtii algae using cryo-
electron tomography. They found that it looks similar to COP1 
in mammals. They also noticed that as the vesicles (pictured, 
light pink/light blue/light green) moved through different parts 
of the Golgi (green/magenta/blue/purple), they changed size, 
membrane thickness and cargo, but the structure of their COP1 
coating remained the same. This approach provides a clearer 
picture of the behaviors of COP1 and COP1-coated vesicles in 
the cell. Source: Lux Fatimathas, BPoD (10 April 2018)
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Green algae could hold clues for engineering faster-
growing crops. Princeton-led studies provide a detailed look at 
an essential part of algae’s growth machinery, with the eventual 
goal of applying this knowledge to improving the growth of 
crops. In this image below, the researchers used cryo-electron 
tomography to image an algal structure called the pyrenoid, 
which concentrates carbon dioxide to make it more readily 
available for photosynthetic enzymes (purple). The yellow 
tubules inside the green tubes are thought to bring carbon and 
other materials into the pyrenoid. Source: Yasemin Saplakoglu, 
Princeton University (21 Sep 2017)
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Cryo-electron tomography provides first view of a cell’s 
nucleus in its natural, undisturbed environment. This 
technique shows that protein filaments make the nucleus the 
stiffest organelle in the region. Cryo-electron tomography reveals 
the molecular organization of various components of the HeLa 
cell in their natural environment.  Source: Sarah Everts, C&EN 
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