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Abstract : The localization of Na/K-ATPase in the mouse molar enamel organs and the subunit
constitution of the enzyme were investigated by means of enzyme histochemistry and
immunohistochemistry, using antibodies for the @ and A subunits of the anti-rat Na/K-ATPase.
Intense enzyme reaction of ouabain-sensitive p-nitrophenylphosphatase was specifically localized
on the stratum intermedium. Among five different anti-subunits of Na/K-ATPase, only a.and 8,
subunits were immunohistochemically localized on the stratum intermedium. When the
chronological change in the localization of Na/K-ATPase during tooth development was
immunohistochemically assessed using anti- 8, subunit, the area of positive reaction in stratum
intermedium moved from the cuspal region to the cervical region as the enamel matured. After the
completion of the enamel matrix maturation, the immunoreaction for the anti-8: subunit
disappeared from the enamel organ. These results indicate that Na/K-ATPase in the stratum
intermedium is composed of ¢.and 8. subunits, and that the enzyme is significantly involved in
the enamel maturation.

Key words : Na/K-ATPase subunit, stratum intermedium, immunohistochemistry, chronological
change, mouse
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Fig.1. Enzymehistochemistry of Na/K-ATPase in a molar tooth germ from a 7-day-old mouse.

a : Enzyme reaction after incubation in the normal substrate medium. A positive reaction is localized
on the stratum intermedium as well as on the ameloblasts.

b: A negative control for Na/K-ATPase using NaOH in the buffer solution instead of KOH.
Reactivity of the stratum intermedium is substantially reduced in this control, though the
proximal ends of the ameloblast still display an intense positive reaction.

c: Control reaction using substrate medium containing ouabain. The reaction products on the
stratum intermedium have disappeared completely, but a weakly positive reaction is still seen on

the ameloblast layer.

Si: stratum intermedium, Ab : ameloblast,

E : enamel, D : dentin.
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Fig.2. Immunohistochemical reactions for anti-Na/K-ATPase a subunits in a molar tooth germ from a
6-day-old mouse (a : @, subunit, b : @, subunit, ¢ : @; subunit).
Note that stratum intermedium (arrows) shows the strongest positive reaction for the anti-a,

subunit.

Si: stratum intermedium, Ab : ameloblast, E : enamel, D : dentin, P : pulp
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Fig.3. Immunohistochemical reactions for anti-Na/K-ATPase B subunits and control reactions in a
molar tooth germ from a 10-day-old mouse.

a: B, subunit. Note a strong immuno-positive reaction on the stratum intermedium (arrows).

b : B subunit. No positive reaction is seen on the stratum intermedium.

c: Control staining with normal rabbit serum." No positive reaction is seen on the stratum
intermedium.

d : Control staining with anti- 8, subunit preabsorbed with rat brain microsomal proteins. A positive
reaction on the stratum intermedium is clearly diminished from the stratum intermedium in Fig.
3a.

Si: stratum intermedium, Ab : ameloblast, E : enamel, D : dentin, P : pulp
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Fig.4. Immunohistochemical reactions for anti-Na/K-ATPase A, subunit in developing tooth germs
from 3-day-old to 16-day-old mice.

a: 3-day-old. A small amount of enamel matrix has been formed by this stage. Note that the stratum
intermedium shows a negative immunoreaction.

b : 4-day-old. Initial positive reaction for anti-3, subunit appears at this stage on the stratum
intermedium of the cuspal region (arrows).

c: 9-day-old. Note that entire enamel matrix at this stage is still immature and that whole stratum
intermedium shows an intensely positive immunoreaction for anti-Na/K-ATPase S, subunit.

d: 12-day-old, e : 14-day-old. At these stages, papillary layers covering mature enamel show a
negative immunoreaction for anti- 8, subunit. By contrast, in the cervicular regions, which still
possess immature enamel matrix, an intense reaction for anti- 8, subunit can still be observed on
the papillary layer (arrows). Asterisk shows the space of demineralized enamel.

f: 16-day-old. Enamel formation has been accomplished by this stage, and no portion of the tooth
germ shows a positive immunoreaction for B, subunit.
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Fig.5. Mouse mandibular molar immunohistochemically stained using anti-Na/K-ATPase B, subunit.
Enamel free area (Ef) is devoid of the distinctive layer of stratum intermedium and no positive
reaction for anti- 8, subunit can be seen. Arrows indicate papillary layer positively stained by
anti- 8, subunit.

Ef : enamel free area, Si : stratum intermedium, Ab : ameloblast, E : enamel, D : dentin, P : pulp
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Fig.6. Immunohistochemical reaction for Na/K-ATPase A subunit in a 17-day-old mouse incisor. Note
that intensity of the immunoreaction for B, subunit in the papillary layer gradually decreases
from the basal (b) portion to the apical (a) portion of the tooth.

D : dentin, E : enamel, Ab : ameloblast,
Pl : papillary layer, Pm : periodontal membrane, B : alveolar bone.
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