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Abstract—Conceptually, there should be a brief interval in 
time when newly secreted proteins "pile up" at secretory sites 
just outside the membrane of ameloblasts. Indeed, previous 
cytochemical studies have suggested that glycosylated and/or 
sulfated glycoproteins accumulate at enamel growth sites. 
Colloidal gold lectin cytochemistry and immunocytochemistry 
with antibodies to enamel proteins and phosphoserine, 
combined with cycloheximide and brefeldin A to inhibit protein 
synthesis and secretion, were applied to characterize the 
distribution of newly formed proteins at enamel interrod and rod 
growth sites. Although enamel growth sites show a "rarefied" 
appearance, the results indicate that one or more subclasses of 
enamel proteins accumulate near the cell surface at sites where 
elongation of enamel crystallites contributes to thickening of the 
enamel layer. These proteins are glycosylated and/or 
phosphorylated and, at least in the case of the glycosylated ones, 
are rapidly processed after they are released extracellularly. In 
contrast, immunolabeling for amelogenins is generally weaker 
near the cell surface and more intense at a short distance away 
from the site where crystallites elongate. The data suggest that 
the enamel proteins accumulating at growth sites likely belong 
to the non-amelogenin category and play a transient role in 
promoting the lengthening of crystallites. It is concluded that 
areas near the ameloblast membrane where certain enamel 
proteins accumulate in fact constitute the equivalent of a 
mineralization front. 
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Mammalian enamel consists of a complex 
network of interrod cavities filled with enamel 
rods (Warshawsky et al., 1981). Both of these 
structurally distinct organizations of enamel are 

similar in composition and, during the formative phase, 
consist of inorganic apatite crystallites embedded in an 
organic matrix undergoing dynamic changes (reviewed in 
Deutsch, 1989; Robinson and Kirkham, 1985; Boyde, 1989; 
Sasaki, 1990; Aoba and Moreno, 1991; Nanci and Smith, 
1992). The three-dimensional appearance of enamel reflects 
the shapes of the apical portions of ameloblasts, the 
decussating trajectory these cells travel in space, and the 
method by which exportable proteins are released at the 
forming enamel surface (reviewed in Warshawsky, 1985). 
Ameloblasts secrete the bulk of enamel matrix proteins 
during the secretory stage of amelogenesis (reviewed in 
Nanci and Smith, 1992). Initially, proteins are released along 
the entire surface of the apical portions of these cells, 
resulting in the creation of an aprismatic, initial layer of 
enamel (Warshawsky and Smith, 1974; Nanci and 
Warshawsky, 1984a; Warshawsky, 1985). Subsequently, the 
apical portions of ameloblasts above the distal cell web, 
called Tomes' processes, project into the forming enamel 
layer (discussed in Nanci and Warshawsky, 1984a; 
Warshawsky, 1985). The processes then consist of proximal 
portions which abut the growing surface of the enamel layer, 
and distal portions which penetrate and interdigitate with 
enamel rod cavities (Kallenbach, 1973; Nanci and 
Warshawsky, 1984a). The proximal and distal portions of 
Tomes' processes have a spatially distinct area where enamel 
proteins are secreted. Matrix deposition at these two 
secretory sites occurs asymmetrically, giving rise to the 
interrod and rod enamel patterns (Nanci and Warshawsky, 
1984a). Indeed, the formation of interrod cavities relative to 
proximal portions of Tomes' processes occurs slightly ahead 
of the time when these are filled in by enamel rods 
(Warshawsky et al., 1981). It is still unclear whether there are 
mechanisms selectively targeting secretory products at the 
interrod and rod growth sites, but radio-autographic analyses 
suggest that differential secretion could be maintained by 
secretory granules reaching interrod growth sites first, since 
these are located physically closer to the Golgi apparatus than 
the rod growth sites (Smith and Nanci, 1995). 

The major secretory products of ameloblasts are part of a 
group of relatively low-molecular-weight proteins (< 31 kDa) 
termed amelogenins. These are characterized by their amino 
acid composition, hydrophobic nature, and a highly 
conserved N-terminal sequence (reviewed in Robinson and 
Kirkham, 1985; Deutsch, 1989; Aoba and Moreno, 1991; 
Nanci and Smith, 1992; Catalano-Sherman et al., 1993; 
Bonass et al., 1994; Yamakoshi et al., 1994; Simmer et al., 
1994; Brookes et al., 1995). Although the amelogenin cDNA 
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contains potential glycosylation (Shimokawa et al., 1987) and 
phosphorylation (Fincham et al., 1994a) sites, this class of 
EPs is widely believed to receive few post-translational 
modifications along the secretory pathway. The C-terminal 
ends of amelogenins are apparently cleaved enzymatically 
after they are secreted, and the remaining protein fragments 
are degraded into small polypeptides by extracellular 
proteinases as part of a maturation process in enamel (Aoba 
and Moreno, 1991; Fincham et al., 1991; Aoba et al., 1992; 
Nanci and Smith, 1992; Tanabe et al., 1992; Moradian-Oldak 
et al., 1994; Yamakoshi et al., 1994). 

Ameloblasts also secrete a group of relatively high-
molecular-weight proteins (~70 kDa and above) generally 
referred to as "non-amelogenins" (reviewed in Robinson et 
al., 1989a). The most widely described components of this 
group are the enamelins. These proteins, defined 
biochemically by Termine and co-workers using sequential 
dissociative extraction procedures (Termine et al., 1980a), 
are believed to comprise less than 10% of all proteins found 
in newly formed enamel. They are putatively so tightly bound 
to mineral that they persist in mature enamel (reviewed in 
Deutsch, 1989; Robinson et al., 1989a). The most commonly 
described secretory form of enamelin has an apparent 
molecular weight of ~70 kDa, is hydrophilic and acidic in 
nature, contains sugar and phosphate residues on some of the 
core amino acids, and appears to undergo partial degradation 
during maturation (reviewed in Deutsch, 1989; Robinson et 
al., 1989a). In addition, an intermediate form having a 
molecular weight near ~44 kDa and possessing one potential 
glycosylation site has been cloned and sequenced by Deutsch 
and co-workers (1991). This protein has been called "tuftelin" 
because its amino acid composition resembles that of "tuft 
proteins" found in great abundance near the dentino-enamel 
junction on the teeth from many species (Robinson et al., 
1975, 1989b,c). Recently, Smith and co-workers identified a 
major ~65-kDa non-amelogenin protein containing sulfate 
groups attached to N-linked sugars (Smith et al., 1995). This 
protein, unlike enamelins, appears to be short-lived and 
undergoes rapid extracellular fragmentation within minutes 
of being secreted. Some of the fragments from the protein 
have molecular weights comparable not only with those of 
classic amelogenins (~25 kDa) but also with those of 
fragmented forms of certain non-collagenous proteins 
typically found in bone (discussed in Smith et al., 1995). 

Unlike the collagen-based mineralized tissues, enamel 
shows no distinct mineralization front or, at least, this front is 
so close to the sites where ameloblasts release secretory 
products that it cannot be distinguished easily on 
morphological criteria. This peculiarity has led to the notion 
that enamel proteins are capable of influencing 
mineralization, either individually or collectively, as soon as 
they are exposed to the extracellular environment 
(Warshawsky, 1988; Boyde, 1989; Akita et al., 1992; Aoba et 
al., 1992; Fincham et al., 1994b). Considering the relatively 
rapid extracellular changes occurring at the C-terminal ends 
of amelogenins and within the core structure of sulfated non-
amelogenins (Fincham et al., 1991; Aoba et al., 1992; Smith 
et al., 1995), and the fact that fragmented forms of enamel 

proteins are believed to be more freely soluble in the aqueous 
fluid bathing enamel than are parental forms more firmly 
bound to mineral (Aoba and Moreno, 1991; Fincham et al., 
1991; Aoba et al., 1992), there should be a brief interval in 
time when newly secreted proteins contribute to thickening of 
the enamel layer by "piling up" at secretory sites just outside 
the membranes of ameloblasts. In the present study, we have 
applied (immuno)cytochemistry, in combination with 
inhibitors of protein synthesis and secretion, to test the 
hypothesis that certain newly formed enamel proteins 
accumulate at interrod and rod growth sites, and to 
characterize the nature of these proteins. 

MATERIALS AND METHODS 

Morphological characterization of enamel growth sites 
Male Wistar rats (Charles River, St-Constant, QC), weighing 
100 ± 10 g each, were anesthetized with chloral hydrate (0.4 
mg/g body weight) and perfused by a cannula inserted 
through the left ventricle into the aorta for 30 sec with 
lactated Ringer's solution (Abbott Laboratories, Montreal, 
QC) followed for 10 min with either: (1) 1% glutaraldehyde 
in 0.08 M sodium cacodylate containing 0.05% CaCl2, pH 
7.2; (2) a mixture of 2% acrolein, 2.5% glutaraldehyde, and 
3% paraformaldehyde in 0.06 M sodium cacodylate buffer 
containing 0.05% CaCl2, pH 7.2 (Nanci and Warshawsky, 
1984b); or (3) 0.5% glutaraldehyde in 0.15 M phosphate 
buffer, pH 7.2 (PB). In some cases, 1.5% Dextran T70 
(Pharmacia Biotech, Uppsala, Sweden) was added to the 
fixative consisting of 1% glutaraldehyde. The hemimandibles 
were removed and further fixed by immersion in the 
respective fixative solution at 4°C for periods of 1 to 3 hrs. 
Some specimens were left calcified, while the rest were 
decalcified for 14 days in 4.13% EDTA (Warshawsky and 
Moore, 1967). Tissue segments from the secretory stage were 
obtained by means of a molar reference line (Smith and 
Nanci, 1989b). Samples fixed with 1% glutaraldehyde or 
with the aldehyde mixture were post-fixed with potassium-
ferrocyanide-reduced osmium tetroxide (Neiss, 1984), 
dehydrated in acetone, and routinely processed for 
embedding in Epon. Some segments of glutaraldehyde-fixed 
material were cryoprotected with 30% glycerol and 
dehydrated by freeze-substitution in 1% osmium tetroxide in 
pure acetone, as previously described (Nanci et al., 1994). 
Ultrathin sections of tissues were stained with uranyl acetate 
and lead citrate and examined with a Philips 400 or a JEOL 
JEM 2000FX-II electron microscope operated at 80 kV. 
Samples fixed with 0.5% glutaraldehyde were macerated and 
processed for SEM observation as described in a previous 
report (Nanci et al., 1993). Briefly, the samples were 
cryoprotected with 30% glycerol in PB, frozen in partially 
solidified Freon 22 cooled by liquid nitrogen, and fractured 
under liquid nitrogen by means of a pre-cooled razor blade 
(Kan and Nanci, 1988). The fractured tissues were 
deglycerinated in PB, post-fixed in 1% osmium tetroxide in 
PB, macerated for 96 hrs in 0.1% osmium in PB, and 
processed for conductive staining by means of osmium/tannic 
acid (Inoue, 1986; Tanaka, 1989). They were then dehydrated 



VOL.10(2) SHORT-LIVED PROTEINS AT ENAMEL GROWTH SITES 137 

in acetone, critical-point-dried by CO2, and sputtered with a 
thin coat of gold. The specimens were examined in a JEOL 
JSM-6300F field emission scanning electron microscope 
operated at 10-20 kV. 

Inhibition of protein synthesis and secretion 
Male Wistar rats, weighing 100 ± 10 g each, were 
anesthetized with sodium pentobarbital (0.06 mL/100 g; 
SomnotolR, M.T.C. Pharmaceuticals, Cambridge, ON), 
injected into the jugular vein with 0.3 mg cycloheximide 
(Sigma Chemical Co., St. Louis, MO) dissolved in 0.3 mL of 
sterile distilled water, and killed at 6 and 8 hrs following the 
injection. Other rats were anesthetized with chloral hydrate 
and infused via the peritoneal cavity for 1 hr through a 
syringe pump (Model 11, Harvard Apparatus Inc., South 
Natick, MA) with 10 mg of brefeldin A (Sigma) dissolved in 
0.5 mL of 70% ethanol and killed at intervals ranging from 0-
4 hrs after the termination of brefeldin A infusion. Control 
rats received intraperitoneal infusions of 70% ethanol alone 
for 1 hr. All rats were subsequently perfused through the 
aorta with 1% glutaraldehyde in 0.08 M sodium cacodylate 
buffer containing 0.05% CaCl2 (pH 7.2). The hemimandibles 
were removed, immersed overnight in fixative solution at 
4°C, and decalcified in 4.13% EDTA (Warshawsky and 
Moore, 1967). Segments of enamel organs from the 
presecretory and secretory stages of amelogenesis were 
prepared by means of a molar reference line (Smith and 
Nanci, 1989b), and then either post-fixed with reduced 
osmium (Neiss, 1984) and embedded in Epon or processed 
without osmication for embedding in Lowicryl K4M 
(Chemische Werke Lowi, Waldkraiburg, Germany) or LR 
White resin (Mecalab, P.A.T., QC) as described previously 
(Bendayan et al., 1987; Nanci et al., 1989). 

Immunocytochemical and lectin-gold characterization 
of proteins at enamel growth sites 
We obtained partially purified rat incisor enamel protein 
fractions at 24 and 27 kDa by eluting bands from 
polyacrylamide gel slices with a Bio-Rad Model 422 Electro-
Eluter (Bio-Rad, Mississauga, ON) and processing them 
through Centripep-10 concentrators (Amicon Canada Ltd., 
Oakville, ON) as previously described (Chen et al., 1995). A 
portion of the 24-kDa fraction was separated into acidic (24-
kDa acidic), neutral, and basic components by isoelectric 
focusing (O'Farrell, 1975), and these were used to raise 
separate antibodies (5 total). These polyclonal antibodies 
were developed and purified from chicken egg yolks as 
described by Gassmann et al. (1990). Briefly, 100-150 µg of 
each protein fraction was emulsified in complete Freund's 
adjuvant for an initial injection, and an additional 200-300 µg 
was emulsified in incomplete Freund's adjuvant for two equal 
booster injections at 14 and 42 days. Eggs collected before 
the first injection were used for the purification of pre-
immune immunoglobulins, while those gathered 7 days 
following booster injections were used for antibody 
purification. Immunoglobulins were extracted from the egg 
yolks by polyethylene glycol precipitation. The specificity of 
the antibodies was verified by immunoblotting against the 

respective immunogens and rat serum albumin (Sigma), as 
described previously (Chen et al., 1995). 

Thin tissue sections (~ 100 nm) of incisors, from normal 
and treated animals, fixed with 1% glutaraldehyde were cut 
with a diamond knife, mounted on Formvar-carbon-coated 
nickel grids, and processed for post-embedding protein-A-
gold immunocytochemistry (reviewed in Bendayan, 1995) or 
lectin-gold cytochemistry (reviewed in Roth, 1983; 
Benhamou, 1989). Sections of osmicated samples embedded 
in Epon used for immunolabeling were first treated with 5% 
sodium metaperiodate for 60 min (Bendayan and Zollinger, 
1983), while those from samples embedded in acrylic resins 
were directly processed for (immuno)cytochemistry. All 
incubation procedures were carried out at room temperature. 

For rabbit anti-16-20-kDa mouse amelogenin antibody 
[AMELO, courtesy of Dr. H.C. Slavkin, Center for 
Craniofacial Molecular Biology, University of Southern 
California (Slavkin et al., 1982)] and rabbit anti-recombinant 
mouse amelogenin [M179, courtesy of Dr. J.P. Simmer 
(Simmer et al., 1994)], sections were floated for 15 min on a 
drop of 0.01 M phosphate-buffered saline (PBS) containing 
1% ovalbumin (Oval), pH 7.4, and transferred to a drop of 
antibody for periods of 1 or 3 hrs. The grids were washed by 
being floated on PBS, placed on a drop of PBS-Oval for 15 
min, and transferred on a drop of protein-A-gold complex, 
prepared as described in Bendayan (1995) with colloidal gold 
particles of 14 nm (Frens, 1973). For the detection of 
phosphoproteins, sections were incubated for 1 hr with a 
mouse monoclonal antibody to phosphoserine (Sigma), 
followed by rabbit anti-mouse IgG antibody (Cappel, 
Organon Teknika, Scarborough, ON) also for 1 hr, and then 
protein-A-gold for 30 min. 

For incubations with chicken anti-rat (24 and 27 kDa) or 
sheep anti-pig amelogenins antibodies [Bio-Gel peak F (F-
Ab, LRAP) and C (C-Ab) affinity-purified amelogenins; 
courtesy of Dr. H. Limeback, Faculty of Dentistry, University 
of Toronto (Limeback and Simic, 1990)], the tissue sections 
were treated with sodium metaperiodate as above and 
blocked for 15 min with PBS containing 0.5% bovine serum 
albumin (Sigma), 0.1% gelatin (Difco Laboratories, Detroit, 
MI), 0.005% Tween 20 (Bio-Rad Laboratories, Richmond, 
CA), and 0.5 M CaCl2 (Canlab, Montreal, QC), pH 7.4 (PBS-
AGT). The grids were then incubated first with the primary 
antibody for 3 hrs, washed with PBS, and again blocked with 
PBS-AGT for 15 min, followed by the corresponding 
polyclonal rabbit anti-chicken IgG (Cappel) or anti-sheep IgG 
(Cappel) secondary antibody for 1 hr. They were again 
washed with PBS, blocked with PBS-AGT for 15 min, and 
then placed on a drop of protein-A-gold for 30 min. After 
incubation with the protein-A-gold complex, all the grids 
were jet-washed with PBS followed by dH2O, stained with 
uranyl and lead, and examined by transmission electron 
microscopy in a JEOL JEM 1200EX-II or 2000FX-II 
operated at 60 and 80 kV, respectively. 

For controls, tissue sections were incubated with pre-
immune antibody, the secondary antibody followed by 
protein-A-gold, or protein-A-gold alone. 

For lectin-gold cytochemistry (Roth, 1983; Nanci et al., 
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Fig. 1—(A) The entire apical membrane of the proximal 
portion of Tomes' process (ppT) constitutes a secretory 
surface during initial enamel formation and shows numerous 
membrane infoldings (mi). (B) Subsequently, as the interrod 
cavities begin to form and the distal portion of Tomes' 
process (dpT) develops, the apical membrane infoldings re­
organize around the process and delimit the region where 
interrod enamel is produced and organized (arrows), dcw, 
distal cell web; sg, secretory granule. Bar = 1 µm. 

1989), sections were incubated with either Concanavalin A 
(Con A, Canavalia ensiformis) or wheat germ agglutinin 
(WGA, Triticum vulgaris) specific for D-mannose and N-
acetyl-D-glucosamine/N-acetyl-neuraminic acid, respectively 
(reviewed in Benhamou, 1989). For WGA, 3 incubation 
methods were used: (1) a one-hour incubation with the lectin 
directly coupled to colloidal gold (Inter Medico, Markam, 
ON); (2) incubation with native lectin (Sigma) for 1 hr, 
washing with PBS, followed by ovomucoid-gold for 30 min 
(Geoghegan and Ackerman, 1977; Roth, 1983; Benhamou, 
1989); and (3) incubation with native lectin for 1 hr, washing 
with PBS, followed by anti-WGA antibody (Inter Medico) 
for 1 hr, a PBS wash, and protein-A-gold for 30 min. Con A 
binding sites were detected by incubation with native lectin 
(Sigma) for 1 hr, followed by anti-Con A antibody (Inter 
Medico) for 1 hr, PBS wash, and protein-A-gold for 30 min. 
Controls consisted of incubating the tissue sections with the 
native lectins or lectin-gold complexes in the presence of 
0.02 M of their respective competing saccharides (Sigma). 

RESULTS 

During early amelogenesis, secretory products are released 
along the entire apical surfaces of ameloblasts, resulting in 
the formation of an initial aprismatic layer of enamel (Fig. 
1A). This occurs from cytoplasmic areas that are apposed 
against the surface of enamel and which will correspond to 
the proximal portions of Tomes' processes. As the enamel 
layer thickens, the secretory surface becomes limited to the 
periphery of these apical portions (Fig. 1B). This 
topographical alteration demarcates the beginning of 
formation of the interrod cavities which are continuous with 
the initial layer of enamel and into which project the 
developing distal portions of Tomes' processes (Fig. 1B). 

During formation of the prismatic layer of enamel, there are 
two distinct secretory sites on ameloblasts, with 
corresponding areas of enamel growth (Fig. 2). These enamel 
growth sites are delineated by membrane infoldings and a 
less compact appearance of the enamel matrix near the cell 
membrane apparent in both conventionally processed and 
freeze-substituted specimens (compare panels A and C in Fig. 
2). In EDTA-decalcified and conventionally processed 
specimens, the organic matrix at growth sites appears to be 
comprised of distinct tubular structures having an elliptical 
profile in cross-section (Fig. 3B; discussed in Leblond and 
Warshawsky, 1979). The distribution of the tubular structures 
correlates with that of ribbon-like crystallites seen in routine 
mineralized sections (compare panels A and B in Fig. 3). 

Of many antibodies tested for their capacity to recognize 
newly released proteins at enamel growth sites (Figs. 4, 5), 
only those raised against murine 16-20-kDa amelogenins 
(AMELO) consistently showed a more or less uniform 
immunoreaction over enamel abutting the cell membranes of 
ameloblasts at secretory sites in the distal portion of Tomes' 
process (Fig. 4A). The immunolabeling pattern obtained with 
antibodies raised against amelogenins from porcine (F-Ab, C-
Ab) or recombinant sources (M-179) showed a differential 
labeling giving the impression of a decreasing gradient 
toward the cell surface (Figs. 4B-D), while chicken egg yolk 
antibodies raised against rat 24- and 27-kDa whole enamel 
protein fractions and the 24-kDa acidic fraction yielded a 
paucity of gold particles at growth sites close to cell surfaces 
where newly formed matrix proteins should be deposited 
(Figs. 4E, 4F, 5A, 5B). Indeed, these egg yolk antibodies 
frequently revealed a narrow, unlabeled region of enamel 
near enamel growth sites (compare panels B and C in Fig. 5). 
The differential in immunolabeling obtained at growth sites 
was not evident, however, at the level of the Golgi apparatus 
where similar distributions of labeling were obtained with the 
various antibodies (Fig. 6). Tissue sections from untreated 
rats incubated with an antibody against phosphoserine 
showed an inverse immunoreaction to that seen for the anti-
24- and -27-kDa chicken egg yolk antibodies—i.e., gold 
particles were concentrated at growth sites, and a relatively 
weak and diffuse labeling was present over enamel away 
from secretory sites (Fig. 7). 

The paucity of labeling at enamel growth sites with the 
chicken egg yolk anti-24-kDa enamel protein (acidic fraction) 
antibody was abolished in rats treated with brefeldin A (Fig. 
8) or cycloheximide (Fig. 9). In these treated animals, a 
generally uniform immunoreaction was observed throughout 
the enamel layer up to the ameloblast cell membrane. 
Occasionally, in BFA-treated rats, gold particles were also 
seen over matrix present within membrane infoldings at the 
growth sites (Fig. 8B). 

Lectin-gold cytochemical reactions with WGA and Con A 
both revealed a more intense binding at growth sites in initial 
(Figs. 10B, 10C) and prismatic (Figs. 11 A, 11B, 12A) 
enamel. This selective labeling of the organic matrix at 
growth sites was markedly reduced following treatment with 
brefeldin A (Fig. 12B) or cycloheximide (Figs. 11D, 12C). At 
1-2 hrs following brefeldin A infusion, gold particles were 
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Fig. 2—(A) The distal 
portion of Tomes' process 
(dpT) is associated with 
the rod growth site (rgs), 
while the proximal portion 
(ppT) relates to the 
interrod enamel (ir) 
partitions. Membrane 
infoldings (mi) 
characterize secretory 
surfaces, and newly 
formed enamel at growth 
sites appears less dense 
than older matrix at a 
distance from the cell 
surface. (B). illustrating 
the relationship of interrod 
(igs) and rod (rgs) growth 
sites to the proximal and 
distal portions of Tomes' 
processes, respectively. 
(C) Growth sites from 
chemically fixed and 
freeze-substituted 
specimens exhibit a 
morphological appearance 
similar to that in 
conventionally processed 
incisors (compare with 
Fig. A). In both cases, 
there is no evidence for the 
accumulation of an 
unmineralized enamel 
precursor. Bars = 1 µm. 

concentrated in a narrow interfacial region against the 
secretory surfaces of some ameloblasts (Fig. 11C). By 4 hrs 
after treatment, a time point where ameloblasts seemed to 
have recovered significantly from the inhibitory effect of the 
drug [as judged by the presence of a fully formed Golgi 
apparatus and secretory granules in Tomes' process (data not 
illustrated; Hashimoto and Nanci, 1995)], the distribution of 
lectin binding sites was similar to that observed in normal or 
sham-treated rats (Figs. 11A, 11E). 

In all cases, control incubations resulted in the abolition of 
the labelings observed at enamel growth sites and in the 
presence of few randomly distributed gold particles throughout 
the tissue sections (data not illustrated). The differential 
labelings obtained with the various antibodies used, as well 
as the change in labeling pattern following inhibition of 
protein secretion, also served as "internal" controls. 

DISCUSSION 

The present results confirm previous data (Nanci and 
Warshawsky, 1984a) indicating that enamel growth sites 
appear morphologically as regions of lesser density compared 

with deeper (older) areas of the forming enamel layer, and 
further show that the "rarefied" appearance of the growth 
sites is apparent in both conventionally processed and freeze-
substituted specimens (Nanci et al., 1994). Hence, the 
structural appearance of growth sites is unlikely a 
consequence of fixation or tissue-processing artifacts and 
suggests that the packing density or total quantity of proteins 
and/or mineral is lowest near the sites where enamel 
crystallites form and elongate by appositional growth. The 
data are also consistent with the notion that there is no 
obvious accumulation of an unmineralized enamel precursor 
"stippled material" (Watson, 1960; Fearnhead, 1961) at enamel 
growth sites under conditions of "optimal" tissue preservation 
(Nanci and Warshawsky, 1984b; Nanci et al., 1994). 

The different patterns in the distribution of 
immunoreactivity and lectin binding observed for enamel 
protein components present in enamel growth site areas were 
somewhat surprising, considering that its less dense 
appearance suggests a lesser total quantity of proteins, and 
ultimately fewer gold particles, in these areas compared with 
deeper regions of the enamel layer. If true, this would create 
the impression of a continuous or discontinuous a gradient 


