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Cryogenic EM tomography:  This technique (see book Chapter 7.1) allows 3D visualization of 
biological material with unprecedented resolution. Carefully controlled cryogenic specimen 
preparation avoids the notorious artefacts of conventional electron microscopy. Studies 
employing cryo-electron tomography have mostly been restricted to isolated macromolecular 
assemblies, small prokaryotic cells or thin regions of eukaryotic cells, owing to the limited 
penetration depth of electrons through ice-embedded preparations. Recent progress in 
cryosectioning makes it possible to acquire tomograms from many kinds of vitrified cells and 
tissues.  {The application of X-ray tomography is also beginning to give new insight into 
molecular and cellular structures; see Box. 7.2.}  
 

Question 1: Describe how good preservation of cellular architecture can be achieved.  
 

Answer 1: To preserve the delicate molecular and supramolecular architecture of the cell during 
sample preparation, water must be removed and replaced by a non-volatile medium or frozen.  
Freezing of the specimen makes introduction into the microscope more convenient and 
decreases the sensitivity of the specimen to radiation damage. Freezing also ensures that the 
specimen is immobilized for the duration of data acquisition, which is in the range of minutes to 
hours. The specimen should be imaged without the addition of electron-dense metallic stains 
which are poisonous to living cells and offer only an indirect portrayal of their structure. Image 
contrast from unstained, frozen-hydrated specimens, is low, but is sufficient to obtain structural 
information if the objective lens is carefully defocused. Some of the information sacrificed by 
such non-ideal microscope settings can be recovered using data processing of the acquired 
images.  The convenient immersion (‘plunge’) freezing method which produces samples in 
amorphous ice (see book Fig. 7.1.21) led to the general feasibility of imaging hydrated biological 
material using both electrons and X-rays. It is now possible to achieve resolution better than 
1nm and near-atomic resolution for non-crystalline or non-helical structures using electron 
tomography.  
 

Question 2: Describe the principles and limitations of cellular tomography and the potential use 
of X-rays.  
Answer 2:  Electron tomography (ET) involves recording images from different viewing angles, 
aligning the resulting ‘projections’ to a common coordinate system and recombining them 
computationally to form a 3D image. Cryo-ET can be used to visualize many prokaryotic cells 
directly but it can only be applied to intact eukaryotic cells in suitably thin (<500 nm) 
peripheral regions. Images generated by electron microscopes are characterized by a large 
depth of focus, corresponding to a thickness exceeding that of the specimen. Transmission 
micrographs contain 3D information projected onto a (2D) plane. The spatial information in the 
viewing direction is lost unless projections are obtained from different angles and subsequently 
merged to provide a 3D reconstruction of the volume of the object. Successful cryo- ET has to 
reconcile two conflicting requirements: a large number of images, covering as wide a tilt range 
as possible, are required, yet, biological materials should not be exposed to large cumulative 
electron doses. Although ET can be used to study individual particles, single particle techniques 
(see book Fig. 7.1.22) are preferable owing to the relative simplicity of data acquisition and 
lower exposure to the electron beam. Electron tomography (book Fig. 7.1.24) can be used to 
augment single particle approaches when the range of orientations is restricted. The true 
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potential of electron tomography, however, lies in the study of non-repetitive, higher-order 
structures – from large complexes to cells.  
 

An alternative to electrons is to use X-rays with photon energies <1 keV and wavelengths of a 
few nm (‘soft’ X-rays). In cellular cryo- X-ray tomography (see Box 7.2) the resolution is largely 
limited by the dimensions of the outermost ring of the zone plate lens used to focus the X-ray 
photons. X-ray tomography studies of ice-embedded Saccharomyces cerevisiae and Escherichia 
coli cells have demonstrated a resolution of better than 60 nm and a resolution of 15 nm for a 
limited depth of field. In the near future, it will be possible to correlate fluorescence images and 
X-ray tomograms of frozen-hydrated cells, providing whole cell analysis with all the advantages 
of fluorescence detection in addition to sub-30 nm resolution. 
 

 
 


