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Silver proteinate staining of neutral polysaccharides 
in apple cell walls: implications relative to 
fruit firmness 

W. P. MOHR 

Summary 
The method of selective tissue extractions followed by silver proteinate staining 
to visualize neutral polysaccharides in cell walls at the ultrastructural level was 
shown to be potentially useful in future studies on apple fruit firmness and 
storage ability. 

Introduction 

The polysaccharide composition of cell walls of apple fruits has been related to 
firmness values characteristic of varieties at harvest and during storage (Wiley 
& Stembridge, 1961; Tavakoli & Wiley, 1968), a variety’s characteristic rate of 
softening on cooking (Kertesz, Eucare & Fox, 1959), and the apple paren- 
chyma cell’s life history on and off the plant (e.g., Nelmes & Preston, 1968; 
Knee, 1973; Bartley, 1976). Nelmes & Preston’s work included some transmis- 
sion electron microscopy of methacrylate-embedded, heavy metal-shadowed, 
apple cell walls. Results with this technique, which visualizes the cellulose 
component, suggested that wall thickness, wall density, and lamination features 
of the cellulose microfibrils do, in fact, change during the cell’s life history. 
Fuller (1976) observed structural symptoms of cell organelle and cell wall 
breakdown as related to differing initial content of calcium in the fruit. These 
are among the very few contributions reported on the cell wall ultrastructure of 
stored apples. 

Refinement of polysaccharide localization methods at the electron micro- 
scope level (Thiery, 1967) in conjunction with selective extraction procedures 
(Jensen, 1960, as modified by Jewel1 & Saxton, 1970) offers further pos- 
sibilities for cell wall studies. Of several modifications for visualizing the 1,2- 
glycol groups, the periodic acid-thiocarbohydrazide-silver proteinate (PA- 
TCH-AgPr, or ‘silver proteinate’) method was used in the present study 
because it has given higher specificity, more contrast, and better resolution than 
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other methods presently available (Jewell & Saxton, 1970; Freundlich & 
Robards, 1974). The work reported is an attempt to apply the method to stored 
apple parenchyma and to relate the results to known firmness properties of the 
fruit. 

Materials and methods 

Small cubes of parenchyma tissue were cut from a region of the mesophyll near 
the equatorial middle of the apple fruit, about 10 mm in from the epidermis. 
The cubes were fixed in 2% glutaraldehyde (in 0.02 M sodium phosphate, pH 
7.0). Some of the cubes were extracted with 0.5% ammonium oxalate and/or 
4 % sodium hydroxide according to procedures reported by Jensen (1 960) and 
modified for electron microscopy by Jewell & Saxton (1970) to remove selec- 
tively pectic and hemicellulose materials. Extracted and non-extracted tissue 
cubes were dehydrated through graded ethanol, then infiltrated and embedded 
in styrene/methacrylate (Mohr & Cocking, 1968) and Spurr’s epoxy resin 
(Spurr, 1969). 

Sections (silvedgold) were cut on a Reichert ultramicrotome and picked up 
on 400 mesh uncoated gold grids. The presence of neutral polysaccharides was 
demonstrated in extracted and non-extracted sections by the PA-TCH- AgPr 
method (Thiery, 1967) as modified and adapted for plant tissue by Jewell & 
Saxton (1 970). Dimedone-treated control sections were included to ensure that 
any positive reaction was due to aldehyde groups. Of several variations tried, 
best results were obtained using an immersion rather than flotation staining 
technique, and by making up the silver proteinate (from Taab Laboratories, 
Reading) in triple distilled water shortly before use. Grids were examined in a 
Philips 300 electron microscope operated at 60 kV. 

Using this method several varieties of apples grown in 1975,1976, and 1977 
in the Smithfield Farm orchards were studied throughout the period of normal 
fruit development on the tree and subsequent senescence off the tree in 0°C 
storage. This report is limited to the differences in wall structure found between 
two stored fruit types of particular commercial interest - soft-textured ‘short- 
keepers’ and firm-textured ‘long-keepers’ . 

Results and discussion 

The finely particulate reaction obtained with silver proteinate staining clearly 
identified reaction sites in the wall. Selective extractions followed by staining 
indicated that some pectic and cellulosic components were reactive in addition 
to hemicelluloses, usually regarded as the main wall component stained by this 
method. Freundlich & Robards (1974) attribute the positive reaction given by 
cellulose in certain tissues to the presence of a reactive, less-crystalline 
(amorphous, para-crystalline) phase surrounding the normally unreactive crys- 
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talline microfibrils. Paton (1974) concluded from chemical studies that the 
cellulose of apples is more amorphous than crystalline. 

Cultivars with similar storage firmness and texture properties gave similar 
staining patterns. These patterns did not change significantly until the fruit 
began to soften noticeably. To avoid repetition, only micrographs of cultivars 
representing two general fruit types that differed appreciably in storage proper- 
ties are reported. 

During 0°C storage, before the fruit had begun to soften noticeably, long- 
keeping, firm, cultivars differed from short-keeping, ‘soon-to-be-soft’ cultivars 
in certain wall staining characteristics. Non-extracted, PA-TCH- AgPr-stained, 
cell walls of firm type fruit always stained densely (Fig. l a .  Shown here is cv. 
T-416 which remained very firm in storage for at least 10 months). Similarly 
prepared walls of soft type fruit often, but not always, stained less densely (Fig. 
2a. Shown here is cv. Cortland which remained firm for only 2-3 months). A 
lamellate wall was usually evident in both. In tissue from which pectic sub- 
stances had been removed, the staining reaction in the wall middle lamella 
region was considerably reduced - more so in the soft type (Fig. 2b) than in the 
firm type (Fig. lb). In tissue from which both pectic and hemicellulose sub- 
stances had been extracted, there was a further reduction in staining intensity, 
the soft type (Fig. 2c) again staining less densely than the firm type (Fig. lc). 
Such differences in staining patt.ern and intensity must reflect compositional 
differences of the kind reported in analytical studies of apple fruit cell walls 
(Tavakoli & Wiley, 1968). They suggest that the cell walls of long-keeping, very 
firm-type apples contain greater amounts of at least some hemicellulosic, 
cellulosic, and pectic fractions than the cell walls of short-keeping, soft-type 
apples. 

Another distinguishing feature of non-extracted walls of the soft-fruited type 
early in its storage life, before there was any noticeable fruit softening, is shown 
in Fig. 3. Some cell corners were conspicuous by their very light PA-TCH-AgPr 
staining reaction. This is thought to indicate very low content of wall compo- 
nents in these regions, although it can be argued that such regions could be the 
beginning of wall separation in ‘soon-to-be-soft’ tissue. These relatively 
unstained cell corners amidst otherwise densely-stained walls were not seen in 
any of the non-extracted firm-fruited material, even out of relatively late 
storage. 

Once the fruit had begun to soften, typical features at the cellular level in 
non-extracted, stained, material were wall separation (Fig. 4a) and the 
enlargement of intercellular spaces and consequent rounding of cells (Fig. 4b). 
This supports the generally held view that these anatomical changes are the 
cause of, or at least intimately linked with, fruit softening and the development 
of a mealy texture. 

In summary, silver proteinate staining at the ultrastructural level appears to 
be potentially useful in applied studies with apple cell walls. Future work should 
include its use in conjunction with tissue extraction procedures not yet investi- 
gated sufficiently, e.g., purified enzyme systems to remove specific fractions of 
the major wall components. 



Figures 1 and 2. Typical wall structure near cell corners of very firm, long-keeping, 
apples (Fig. 1) and less firm, short-keeping, apples (Fig. 2) during 0°C storage, 
before the fruit had begun to soften noticeably: (a) not extracted; (b) extracted to 
remove pectic substances; (c) extracted to remove pectic and hemicellulose sub- 
stances. Note the denser staining reaction in the long-keeping type than in the 
short-keeping type, particularly with extracted tissues. 

ML, middle lamella. Scale bar = 1.0 pm. 
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Figure 3. Wall structure at cell corners sometimes seen in short-keeping cultivars 
held in 0°C storage, before the fruit had begun to soften noticeably. Note the densely 
stained walls except for the very lightly stained middle lamella region (*) at a cell 
corner. This was not observed in long-keeping cultivars. 

Figure 4. Separated wall (Fig. 4a) and resulting enlarged intercellular spaces and 
rounding of cells (Fig. 4b) typical of softening fruit. 

Tissues shown in Figures 3 and 4 were not extracted before fixation. IS, intercellu- 
lar space. Scale bar = 1.0 pm. 
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