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The benefits of reducing the data collection temperature for electron cryomicroscopy (cryo-EM) from liquid-
nitrogen temperatures to liquid-helium temperatures have been debated over many years. A physical theory
of dose-dependent information loss in cryo-EM was presented for imaging vitrified aqueous biological speci-
mens at liquid-nitrogen temperatures [1], but extending this to liquid-helium temperatures is needed. Previ-
ously, it was demonstrated that there is a 1.2–1.8x reduction in radiation damage for 2D protein crystals when
imaging at temperatures near liquid helium [2] . Unfortunately, lowering specimen temperatures for cryo-EM
of macromolecules embedded in vitreous ice has consistently proven to be no better than liquid-nitrogen tem-
peratures and is often worse [3]. We aimed to determine whether the reduction in radiation damage measured
in 2D crystals extends to single-particle cryo-EM and, if so, what else could be limiting data quality.
Consequently, we investigated several dose-dependent physical phenomena that could limit single-particle
cryo-EM data quality: radiation damage, microscopic charge fluctuations, charge accumulation, pseudo-Brownian
motion of water, mass loss, hydrogen bubbling, and beam-induced motion. We found that radiation damage is
reduced by a similar amount for single-particle cryo-EM as was measured by 2D crystallography. We demon-
strate that the reduction in data quality is likely caused by beam-induced motion, with all other physical
phenomena that we measured being either unchanged or not sufficient to cause a reduction in image quality
at lower specimen temperatures. Using novel specimen supports, we have been able to eliminate this beam-
induced motion and determined cryo-EM structures at liquid-helium temperatures where every frame carries
more information compared to the equivalent at liquid-nitrogen temperatures [4]. Alongside the development
of new TEMs capable of operating at temperatures below liquid-nitrogen, this theory will enable cryo-EM to
resolve smaller molecules than is currently possible.
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