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Ultrastructural observation of plant cells prepared by high pressure freezing and freeze substitution
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High pressure freezing and freeze substitution methods were applied for ultrastructural observation of pea plumule
cells. Compared to conventional chemical fixation, cellular membranes were smoother without undulation, and
organelles appeared more turgid. Structures which connect two membranes were observed frequently in the high
pressure frozen and freeze substituted materials. The connections were seen between ER and plastid membranes,

plastid and mitochondrial membranes, and inner and outer membranes of plastids.
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Fig 1. Portions of pea plumule cells prepared by high pressure freezing and freeze substitution(HPEF-FS). CW: cell
wall; L: lipid body; M: mitochondrion; N: nucleus; P: plastid.

Fig 2. Portions of pea plumule cells prepared by conventional chemical fixation(CCF). CW: cell wall; ER:

endoplasmic reticutum,; L: lipid body; M: mitochondrion; N: nucleus; P: plastid.
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Fig 3. Connections(arrows) between plastid(P) and ER membranes. HPF-FS.
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Fig 4. Connections(arrows) between plastid(P) and ER membranes. CCF. M: mitochondrion.
Fig 5. Connections(arrows) between inner and outer membranes of plastid(P). HPF-FS.
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Fig 6. Connections(arrows) between mitochondrion(M) and plastid(P). HPF-FS.
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