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The application of physical fixation using cryo-techniques for plant samples has distinct advantages for 

the rapid immobilization of dynamic sub-cellular structures and circumvents many of the challenges faced 

with the plant cell wall, a potent barrier to conventional chemical fixation methods.  Over the last decade, 

numerous protocol developments have provided incremental improvements of well-established freeze-

substitution fixation routines, including the enhancement of cell membranes by inclusion of water [1], 

compatibility with fluorescent proteins and super-resolution microscopy [2] and rapid freeze-substitution 

[3], to name a few. Concomitantly, advances in 3D imaging techniques, such as serial block-face scanning 

electron microscopy (SBF-SEM) [4], [5] and x-ray microscopy (XRM) [6], have increasingly provided 

critical insights into complex and multi-dimensional biological structures, including plants [7], [8]. 

Both SBF-SEM and XRM depend on high atomic number contrast agents for improved throughput, 

resolution and overall image contrast. While freeze-substituted resin-embedded plant samples are 

compatible with, and benefit greatly from metal enhancement for SBF-SEM [9], a paucity of data exists 

with cryo-fixation for SBF-SEM. Further optimization is possible and the same protocols can be 

effectively and interchangeably used for electron and x-ray microscopy studies. In this work, we used a 

Leica EM ICE high-pressure freezer to prepare various plant-based structures, (ie. leaf, anther, 

Chlamydomonas) followed by freeze-substitution and processing in solvent-based variations of heavy 

metal fixation regimes, typically used for conventional serial-block-face scanning electron microscopy 

[10]. This included the use of potassium ferrocyanide, osmium-thiocarbohydrazide-osmium (OTO), lead 

and uranium salts and exploring the impact of solvents on solubility and staining performance for resin 

embedded samples. Our results will compare and contrast the different staining strategies applied and 

demonstrate the utility of increased metalization toward high-fidelity cryogenic cell preservation coupled 

to high-resolution 3D correlative XRM to EM workflows. 
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