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As a national facility, it is imperative that we are able to get the most out of each user’s data collection 

session. This includes optimization of high-resolution single particle data collection throughput and 

quality, by optimizing data collection parameters for each user’s samples. This starts with selection of the 

microscope used for data collection. The Stanford-SLAC cryoEM Center (S2C2) has three Thermo 

Scientific Titan Krios G3i electron microscopes equipped with either a K3 with energy filter (Gatan, Inc), 

or a Falcon 4 (Thermo Scientific) direct electron detector. While users mostly have a preference for one 

system over the other, we have demonstrated the ability to achieve structures at a resolution of 1.34Å and 

1.36Å, from our Krios equipped with either an energy-filtered Gatan K3, or Thermo Scientific Falcon 4 

detector without an energy filter, respectively [1]. For these structures we used ~8,000 movies (~900,000 

particles) collected over 16 hours for the K3 and ~7,700 movies (~500,000 particles) collected over 15 

hours for the Falcon 4 (Figure 1A).  We have also collected data with EER mode on the Falcon 4 which 

can extend the structure resolution to 1.27Å. Figure 2 shows a 3D density map with apparent side chain 

features. 

In addition to the selection of the detector used for single particle data collection, imaging conditions, 

based on the individual needs of each user’s sample, are also essential to achieving the highest quality 

data while optimizing data collection rates. By using Aberration Free Image Shift (AFIS) to acquire 

multiple exposures per stage movement, we are able to collect more than 500 images an hour, yielding 

around 8,000 movie stacks in a 16-hour period. At S2C2, two of the Krios are equipped with Fringe Free 

Imaging (FFI) which has the potential to further increase data collection rates. 

In order to monitor data collection, as well as data quality, we have implemented a bespoke data processing 

pipeline, that performs motion correction [2] and CTF estimation [3], outputting the results to a Slack 

channel so that users get real-time feedback during their data collection (Figure 1B). We are currently 

working to expand this to on-the-fly particle picking as well as 2D and 3D classification. This data 

processing pipeline allows users to monitor data in real time, making it possible to adjust data collection 

parameters based on real time data processing results such as particle preferred orientation, defocus 

distribution and data quality. It also allows staff the ability to monitor the data collection and respond to 

microscope errors that can occur during an automated data collection session. 

Due to recent increases in data collection rates, S2C2 users routinely want to image multiple samples in a 

typical 24-48hr session. In order to give users more flexibility to change samples as needed, we have 

implemented a system for secured remote operation of our electron microscopes via the web. We are 

starting to roll out a program that will allow remote users to operate the microscopes for their data 

collection session without the need to be onsite. This allows users the ability to change samples as soon 

as they have collected enough data for a particular sample, the only prerequisite being that all grids must 

have been loaded into ThermoFisher’s multigrid cassette at the start of the remote data acquisition session. 
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In summary, our primary goal as a national cryoEM center is to optimize data collection for all users, so 

that the highest quality data can be acquired at the highest volume and throughput possible. In order to do 

this, we work with the user to select data collection parameters and the equipment to use,  though all of 

these have equivalent performance capacity. In addition, we have a data processing pipeline which allows 

users to monitor their data collection in real time as well as tools for remote operation of the microscopes. 
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Figure 1. Apoferritin Data Collection. (A) Data collection parameters and data processing 
statistics for Apoferritin using the Gatan K3 and energy filter, and the Thermo Fisher Scientific 
Falcon 4. (B) Representative output for a single micrograph of apoferritin from our automated 
data processing pipeline. The top row shows a cropped FFT of the micrograph before (left) and 
after (right) motion correction. The bottom row shows the motion corrected micrograph (left) and 
the motion corrected micrograph with the contrast inverted and the positions of the picked 
particles shown with a yellow circle. In addition to the images, each micrograph contains the 
following information: (i) the data and time the image was collection, estimated resolution and 
percent Nyquist pre- and post-motion correction (ii and iii, respectively), (iv) astigmatism and 
cross correlation values, (v) RMS drift from the 1st/5th/All frames, and (vi) the number of particles 
picked. 
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Figure 2. Apoferritin reconstruction using the Falcon 4. (A) The map of Apoferritin solved at 1.27Å 
resolution, showing the 24 octahedrally symmetric subunits in different colors. (B) A single helix 
from one of the subunits, showing resolved side chains and water. (C) Three representative side 
chains, hydrogen atoms can be seen in certain locations. 
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