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Some physical properties of amelogenin and
enamelin.
R.W. Fearnhead.
(Tsurumi School of Dental Medicine, 2-1-3
Tsurumi-ku, Tsurumi, Yokohama 230, Japan)

Vertebrate tooth enamel and enameloid have
and
secretory product of ameloblast cells which are of

unusually large apatite crystals are the
epithelial origin. These cells first produce an
organic matrix (amelogenin and enamelin) on the
outermost surface of the dentine, in intimate
association with the mineral and collagen fibres
which are oriented perpendicular to that surface.
Growth of hydroxvapatite crystals into the newly
secreted organic matrix from this collagenous
boundary quickly follows, thus establishing the
enameloid/dentine

junction of all vertebrates. It is generally accepted

position of the enamel or
that the early secretion contains both amelogenin
and enamelin together with proteolytic enzymes.

The precise role of amelogenin and enamelin in
the production of the extensive variety of highly
ordered structures which distinguish the different
types of mammalian enamel and non-mammalian
enameloids, remains a mystery, although it is
generally accepted that it is intimately associated
in some way with the growth and orientation of the
large crystals.

The principal obstacle to a better understanding
of the role of amelogenin is the lack of knowledge
about its physico-chemical properties. Reports of
significance and relevance to the observations I
wish to make today are due to Nikiforuk and
Simmonds (1965) and Nikiforuk and Sognnaes (1966)
who noticed that when developing bovine enamel
protein was solubilised in EDTA or dilute formic
acid pH. 6.8-7.0, it changes its state from a clear
gel at 4°C., to an opalescent solution at a tempera-
ture of 18°C this change of state being reversible.

Many biochemists have also made similar obser-
vations, referring to the phenomenon as a precipita-
tion or aggregation during the preparation of their
samples, although giving no further details.

Our present investigations are being made on a
150mg sample of total enamel protein from pooled
developing pig molars, and one 100mg sample of an
extract characterised as a single band of 21 kDa
amelogenin  protein by electrophoresis were
obtained from our Biochemistry department and
form the subjects of this stage of this stage of our
study. Small vials made by cutting an open ended
cavity in a sheet of 0.5mm silicone rubber sandwi-
ched between two glass microscope slides were
prepared and a small aliquot (0.05cc) of each
solution was then placed in separate vials and
allowed to evaporate at room temperature (22°-23°
C) and examined daily for possible change in optical
behaviour. In the case of the total protein extract
a change to a positive hirefringence occurred
the
material was then already in a gel like state. The
21 kDa sample was placed in a vial of different

apparently abruptly after ten days when

shape having less surface exposed to evaporation,
the room temperature had risen slightly to between
23°-24°C, the first change occurred after seven days
by the appearance of a small white opaque mass
on the side of the vial, which grew rapidly by the
extension of tiny finger-like rows of very small
globules of material so that within two minutes the
whole of the contents of the vial was filled with the
new opaque phase which was isotropic. This change
occurred in the evening when the room temperature
had risen to 25.5C. On cooling to 24.5°C the new
phase completely cleared within one minute. The
temperature was then raised and lowered many
times within a range of 24°-40°C with the reversible
transition occurring between 25.5° and 26°C. IFrom
the appearance these changes probably correspond
to the changes observed by Nikiforuk and Sim-
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monds (1965) and Nikiforuk and Sognnaes (1966).
Both materials responded very sensitively to
changes in humidity within the temperature range
used, a property
troublesome when attempting to obtain good x-ray

which is proving to be very

diffraction photographs from the solid crystals. In
an attempt to stop or at least slow the evaporation
a small amount of liquid paraffin was lavered over
the sample. Following the application of the liquid
paraffin the rows of tiny globules became joined
into threads radiating from the main mass and
directed towards the threads
developed side branches. When the temperature was

interface, some
lowered below 25°C again the whole sample became
a clear isotropic liquid once more, quikly returning
to the opaque mass with threads when the tempera-
ture was raised above 25.5°C. The temperature was
then raised to 37°C and maintained at this tempera-
several weeks.
opaque mass developed many large globules some

ture for During this period the
of which were weakly birefringent, and some of the
threads separated into short birefringent rods,
meanwhile extremely small rectangular crystal
nuclei appeared in with both the
threads and some of the globules. After two months
the liquid adjacent to some of the threads developed
sheet-like birefringent planes. At this stage the
whole contents of the vial were in a viscous fluid/

association

gel state.

Speculative conclusions.

It is envisaged that the so-called "granular” or
“stippled material” seen near to the ameloblasts in
electron microscope preparations, is the newly
secreted amelogenin complex, which in nature
consist of coiled molecules having a spherical or
elipsoidal shape (30-80 A in size) with active polar
groups. This material is an aggregate of molecules
of a varying molecular weights (in the range of
approx. 90-20 kDa) which under local conditions of
normal body temperature, in the presence of lipids
and ionic calcium and phosphorous and at appropri-
ate concentration conditions which are probably
controlled by the ameloblast, are capable of
undergoing a nematic type of self orientation into
columns, between which apatite crystals may
increase in length by growth along their c-axis

direction unrestricted by the lateral surfaces of the

oriented amelogenin/enamelin  molecules. These
surfaces however constrain in some way mineral
addition to the a, and b axes until the complex is
modified and maturation occurs.
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