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Sample preparation for cryo-EM imaging involves suspending macromolecules in a film of vitreous ice
that is simultaneously thin enough for electron transmission and thick enough to embed the molecule of
interest. For most macromolecules, a 20-100 nm thick ice layer is ideal [1]. On a chameleon sample
preparation device [2], picolitre droplets of the sample are dispensed onto a glow discharged nanowire
grid as it flies past on the way to plunging into liquid ethane. Excess liquid is wicked away by the
nanowires during the travel time, leaving behind a thin film of liquid suspended across the grid foil that
is then vitrified in liquid ethane [3]. A video of the wicking process is made available for the user to
examine, and the grid accepted or rejected based on the user’s experience of likely outcomes in the
TEM.

The current sample preparation workflow starts with the preparation of multiple grids using a range of
grid-making conditions. The grids are then screened in a TEM and different grid squares imaged to find
suitable ice thicknesses containing the sample of interest. This information is taken back to the sample
preparation stage and the process repeated iteratively until a grid with ideal ice thickness and sample
concentration is obtained. This process is time consuming and the results sometimes unpredictable.

Here, we present our efforts on the chameleon to (i) obtain more desirable and consistent ice
thicknesses, and (i1) to improve ice thickness estimations from the chameleon videos. Fundamental to
our efforts is the ability to measure ice thicknesses with aperture limited scattering in a TEM [4], and the
storage of this ice thickness information in the Leginon database [5]. By then mining the database, we
can analyze ice thickness data from the grids of interest. With this, we first benchmark the performance
of our chameleon plunge freezing device for its ability to produce consistent, reproducible, and desirable
ice. We vary grid-making parameters systematically to characterize their contributions to the resulting
ice thickness measured in a TEM. Second, we correlate TEM ice thickness information with videos
captured by the chameleon during plunging. By tying together information from the TEM to the
chameleon videos, we may be able to better estimate the likely ice thickness outcomes at the sample
preparation stage prior to clipping and inserting the grid in the TEM.

Our work leverages data in the Leginon database to characterize ice thickness workflows on the
chameleon. We suggest ways in which sample preparation workflows on the chameleon and other
plunge freezing devices might be made better, cheaper, and faster.

References:
[1] Noble AJ, Dandey VP, Wei H, Brasch J, Chase J, Acharya P, Tan YZ, Zhang Z, Kim LY, Scapin G,

Rapp M, Eng ET, Rice WJ, Cheng A, Negro CJ, Shapiro L, Kwong PD, Jeruzalmi D, des Georges A,
Potter CS, Carragher B. eLife 2018;7:¢34257. doi:10.7554/eLife.34257

S

@ CrossMark
https://doi.org/10.1017/51431927622005116 Published online by Cambridge University Press


http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1431927622005116&domain=pdf
https://doi.org/10.1017/S1431927622005116

Microsc. Microanal. 28 (Suppl 1), 2022 1231

[2] Darrow MC, Booth T, Moore JP, Doering K, Thaw P, King RS. Microscopy and Microanalysis
(2021) 27(S1), 524-525. d0i:10.1017/S1431927621002336

[3] Wei H, Dandey VP, Zhang Z, Raczkowski A, Rice WJ, Carragher B, Potter CS. Journal of Structural
Biology (2018) May;202(2):170-174. doi:10.1016/j.jsb.2018.01.001

[4] Rice WJ, Cheng A, Noble AJ, Eng ET, Kim LY, Carragher B, Potter CS. Journal of Structural
Biology (2018) October;204(1):38-44. doi: 10.1016/5.jsb.2018.06.007

[5] Cheng A, Negro C, Bruhn JF, Rice WJ, Dallakyan S, Eng ET, Waterman DG, Potter CS, Carragher
B. Protein Science (2021) January;30(1):136-150. doi:10.1002/pro.3967

https://doi.org/10.1017/51431927622005116 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927622005116

