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Over the past several years we have been developing an automated system, called Leginon, to
acquire images from vitreous ice specimens [1, 2]. One of the goals in developing an automated
system for EM data acquisition system was to improve both the ease of use and the throughput of
the process of acquiring low dose images of macromolecular specimens embedded in vitreous
ice.

Using GroEL as a test specimen we have demonstrated the potential of the Leginon system for
high-throughput data acquisition by acquiring images of more than 280,000 particles of GroEL
in a single continuous session at the microscope. The only significant human intervention
required was the periodic replenishment of liquid nitrogen in the cryostage and cold trap of the
microscope. We have also demonstrated the potential for an automated pipeline for molecular
microscopy by showing that these particles can be subjected to completely automated procedures
to reconstruct a three dimensional (3D) reconstructed density map to a resolution better than 8A
(see Figure 1). These automated procedures include particle selection and CTF determination,
which are two of the most arduous and tedious steps required for single particle processing.
Visual examination of the output of the automated particle selection (using the Selexon software
[3], see figure 2)) and the automated CTF determination (using the ACE software [4], see figure
3) confirmed the satisfactory performance of these packages. Integration of the Selexon and ACE
software packages with the Leginon database greatly simplified the task of managing and
manipulating the data and files. Together the Leginon, Selexon, and ACE packages provide a
prototype for an automated pipeline where data are stored and managed using a relational
database and a variety of web-based tools are used to examine and assess the outputs.

In generating the 3D maps we used a variety of metadata associated with the data acquisition and
processing steps to sort and select the particles. These metadata provided a number of insights
into factors that affect the quality of the acquired images and the resulting reconstructions. In
particular we have shown that the resolution of the reconstructed three dimensional density maps
improves with decreasing ice thickness. These data provide a basis for assessing the limitations
and bottlenecks of high throughput macromolecular microscopy.
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Figure 1. Stereo pair of GroEL volume reconstructed from 158,390 particles using automated
procedures. The resolution of the volume was calculated to be 7.8A based on the FSCys
criterion.
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Figure 2. A small region of one of the 552
micrographs (nominal magnification 50,000x)
acquired by Leginon. The individual GroEL
particles  automatically identified using
Selexon are enclosed in the orange circles.
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Figure 3. ACE provides an automated
estimate of the CTF of an image (bottom)
based on a rotationally averaged power
spectrum (top).
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