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Summary. An enzyme-affinity-gold method to detect 
RNA in routinely prepared ultrastructural samples is 
based on the affinity of the gold-coupled enzyme, ribo- 
nuclease, for its substrate, RNA. High concentrations of 
a known inhibitor of RNase, heparin, are uniquely 
located in human mast cell granules. Specific labeling 
for the presence of heparin in these structures was 
determined using the RNase-gold (R-G) reagent based 
on the RNase inhibitor property of heparin. This 
property was used to probe for the presence of proteo- 
glycans (PG) known to be present in a wide variety of 
ultrastructural samples, none of which contain heparin. 
In addition to known subcellular sites of RNA, the R-G 
reagent was shown to bind to PG-rich cytoplasmic 
granules in a wide variety of leukocytes and secretory 
cells of epithelial, endocrine, and neuroendocrine origin. 
This newly recognized property was used to image the 
changing distribution of labeled PGs during cellular 
maturation, secretion, and recovery from secretion of 
secretory cells in vivo, ex vivo, in vitro and in isolated, 
biochemically defined guinea pig basophil granule 
preparations. 
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1. Introduction 

Enzyme-affinity-gold ultrastructural cytochemistry 
was initiated in 1981 when ribonuclease was coupled to 
colloidal gold particles and used to label intracellular 
sites of ribonucleic acid (RNA) (Bendayan, 1981). Since 
then, ribonuclease-gold (R-G) has been used for this 
purpose in many studies (Bendayan, 1981, 1982, 1984, 
1985, 1939; Cheniclet and Carde, 1987; Brooks and 
Binnington, 1989; Cheniclet and Bendayan, 1990) and 
the principle extended to the identification of other 
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enzyme substrates by constructing new enzyme-gold 
probes for this purpose. Among the substrates imaged at 
high magnification in optimally preserved ultrastructural 
samples are DNA (Bendayan, 1981, 1982, 1984, 1985, 
1989), collagen (Bendayan, 1984, 1985, 1989), elastin 
(Bendayan, 1984, 1985, 1989), glycogen (Bendayan, 
1984, 1985, 1989), hyaluronic acid (Londoiio and 
Bendayan, 1988; Bendayan, 1989), sialic acid (Londoiio 
and Bendayan, 1988; Bendayan, 1989), glucosides 
(Bendayan and Benhamou, 1987; Bendayan, 1989), 
histamine (Dvorak et al., 1993, 1994a,b, 1995, 1996b, c, 
1997; Dvorak and Morgan, 1996, 1997), mannose 
(Bendayan, 1989), pectin (Bendayan, 1989), and 
phospholipid (Bendayan, 1989). 

The initial study with R-G used rat pancreatic acinar 
cells (RPACs) to image RNA (Bendayan, 1981). Precise 
and specific localization was reported in ribosomes and 
nucleoli, structures known to contain RNA. One of the 
necessary specificity controls for enzyme-affinity 
cytochemistry is to show that binding is diminished or 
eradicated when inhibitors of the enzyme in question are 
used (Bendayan, 1981). For ribonuclease, one well- 
known inhibitor is heparin (Lindahl and Hook, 1978; 
Mendelsohn and Young, 1978; Chirgwin et al., 1979; 
Jaques, 1980). 

Human mast cell (HMC) granules store proteo- 
glycans which have been shown primarily to consist of 
heparin (and smaller quantities of chondroitin sulfate E) 
(Stevens et al., 1988; Thompson et al., 1988), a macro- 
molecule said to be the most anionic substance in the 
body (Anderson and Wilbur, 1951; Salmivirta et al., 
1996) and to be unique to mast cell granules (Lindahl 
and Hook, 1978; Salmivirta et al., 1996). Historically, 
the anionic charge of heparin and heparin-protein 
granule complexes is thought to be the basis for dye 
binding that facilitates the recognition of mast cells 
(Uvnas et al., 1970; Lagunoff, 1974; Wingren and 
Enerback, 1983) as well as to provide "false positives" 
in imaging techniques based on highly positively 
charged avidin, in light microscopic preparations 
(Bussolati and Gugliotta, 1983; Tharp et al., 1985). It is 
thought that this unique property of heparin serves to 




























































