
69 

DEGRADATION OF NEWLY FORMED ENAMEL PROTEINS IN RELATION TO THE 

SECRETORY ACTIVITY OF AMELOBLASTS 

A. NANCI, G.M. BITTON, J.P. AHLUWALIA AND C.E. SMITH 

Departments of Anatomy and Stomatology, Université de Montréal (A.N.), and Departments of Anatomy 
and Oral Biology, McGill University, Montreal, Quebec, CANADA 

INTRODUCTION 

One mechanism postulated for the removal of enamel proteins (EPs) during the maturation of 

enamel is their active resorption by ameloblasts1. The extensive lysosomal system of these cells has been 

cited as evidence supporting this route2,3. This concept has also received support from immunocytoche-

mical studies which have identified EPs in lysosomal elements of ameloblasts, particularly multivesicular 

bodies (mvbs)4. However, recent studies have raised the possibility that the EPs in lysosomes may not 

represent resorbed, aged proteins but rather that a portion of them derive from the post-translational 

degradation of newly formed secretory products5,6. In the present paper we report our ongoing efforts 

to elucidate the origin of the EPs found within lysosomes using inhibitors of synthetic and degradative 

pathways. 

MATERIALS AND METHODS 

Biochemical analyses: enamel samples for SDS-PAGE and immunoblotting were obtained and pro­

cessed as described previously5,7. Briefly, sequential strips of early and late secretory stage enamel, and 

early and midmaturation stage enamel were dissected from the mandibular incisors of male Wistar rats 

(~100g). The proteins in these strips were extracted in a 1:1 mixture of PBS-Triton X-100 and sample 

preparation buffer, and then separated on 12% SDS-polyacrylamide gels. Some gels were stained with 

silver while the proteins from others were electrotransferred to nitrocellulose paper for immunoblotting 

with a rabbit antibody to mouse amelogenins (courtesy of H.C. Slavkin) followed by an alkaline 

phosphatase-conjugated secondary antibody. 

Radioautographic studies: six male Wistar rats (~100g) were injected with 3H-methionine and sacrificed 

in pairs, at 10, 20 and 60 minutes following injection by perfusion fixation. The incisors were embedded 

in Epon and sections were processed for LM radioautography as described previously6,7. Some samples 

were also prepared for EM radioautography. 

Studies with inhibitors: two male Wistar rats (~100g) were injected intraperitoneally with 12 mg of 

leupeptin and an additional two with 10 mg of aprotinin over a period of 8 hours. Six other rats were 

injected with 3 mg/l00g body weight of cycloheximide and sacrificied in pairs at 20, 60 and 120 minutes 

following injection. Treated rats, as well as uninjected controls, were perfused with glutaraldehyde and 

the incisors embedded in Epon4. 

Analyses of lysosomes: the frequency of lysosomes in ruffle-ended ameloblasts from the initial 2 mm of 

the maturation stage was evaluated on random micrographs of the supranuclear compartment. Profile 

area measurements were made using a Zeiss MOP-3 manual image analyzer4. 
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Figure 9:1. SDS-PAGE and irnmunoblotting of proteins extracted from early (a) and late (b) secretory stage, and early (c) and 
mid- (d) maturation stage rat incisor enamel. la: 12% polyacrylamide gel stained with silver, lb: Immunoblot of a similar gel 
processed with anti-amelogenin IgGs followed by an alkaline phosphatase-conjugated secondary antibody. 
Figure 9:2. Bar graphs illustrating the relative proportion (a) and average profile area (b) of dark and pale lysosomes, and mvbs 
in normal, aprotinin- and leupeptin-treated ameloblasts from the initial 2 mm of the maturation stage. 

Immunocytochemical labelling: tissue sections from treated and control rats were incubated with the anti-

amelogenin antibody (diluted 1/50-100) revealed with protein A-gold as described previously4. 

RESULTS 

Silver staining of EPs proteins separated on 12% SDS-polyacrylamide gels showed several proteins 

between 14-32 kDa, as well as some around 6-10 kDa (fig. 9:1a). While many of the proteins diminished 

in staining intensity by the midmaturation stage, those near 6-10 kDa did not (fig. 9:1a). Only proteins 

between 14-32 kDa reacted with the antibody to amelogenins on immunoblots (fig. 9:1b). 

Analysis of the relative frequency of lysosomes in ruffle-ended ameloblasts of control and inhibitor-

treated rats indicated that in all cases the predominant lysosomal types were mvbs followed by dark 

lysosomes (fig. 9:2a). Aprotinin did not have any obvious effect on the relative frequency and profile area 

of the various lysosomes compared to control rats (figs. 9:2a, 2b, 3), but in some cases seemed to induce 

the accumulation of large amounts of immunolabeled material between maturation stage ameloblasts 
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Figures 9:3,4. Early maturation stage ruffle-ended ameloblasts from aprotinin-treated rats show ultrastructural features similar 
to normals, with the exception of frequent accumulations of immunolabeled material between cells (arrows). Golgi, Golgi 
apparatus. 

(fig. 9:4). Leupeptin, however, caused a dramatic increase in the frequency of mvbs (fig. 9:2a). These 

mvbs were larger than the ones found in normal or aprotinin-treated rats (figs. 9:2b, 5) and were intensely 

immunolabeled (figs. 9:5, 6)). Typical leupeptin-induced dense bodies, which showed a variable 

immunolabeling, were also observed (fig. 9:6). Mvbs of normal rats showed some silver grains as early 

as 10-20 minutes following the injection of 3H-methionine and were clearly radiolabeled by 1 hour (fig. 

9:7). 

Initial qualitative results from animals treated with cycloheximide showed few secretory granules 

in Tomes' processes and a variable but noticeable reduction in the relative number of certain subclasses 

of mvbs, particularly in presecretory stage ameloblasts. 

DISCUSSION 

Conceptually, only the lysosomes of ameloblasts in the maturation stage, where proteins are 

massively lost, should be immunolabeled if the EPs in them represent resorbed, aged material. However, 

EPs have been immunodetected in lysosomes of ameloblasts from the presecretory to the maturation 

stage4,5, suggesting that either ameloblasts resorb EPs throughout amelogenesis or that a portion of the 

EPs in lysosomes derive from a route other than endocytosis. Indeed, EPs have been immunodetected 

in the lysosomes of ameloblasts very early during the presecretory stage, when few EPs are found 

extracellularly5,8 and ameloblasts presumably have had little time for resorption. Furthermore, ameloblasts 

at the begining and end of the secretory stage, and during the maturation stage, do not transfer to the 

enamel all the radiolabel they incorporate following injection of 3H-amino acids6. 


