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Abstract

Objective: The objectives were to design and fabricate an oligopeptide that simulates
dentine matrix protein 1 (DMP1) to study its ability to bind to dentine collagen fibrils

and induce biomimetic mineralization for the management of dentine hypersensitivity.

Materials and Methods: A novel oligopeptide was developed by connecting the
collagen-binding domain of DMP1 to the hydrophilic C-terminal of amelogenin.
Fluorescein isothiocyanate-coupled oligopeptide was applied to the completely
demineralized dentine collagen and examined using fluorescent microscopy. The
nucleation and growth of hydroxyapatite was initiated by immersing oligopeptide into
calcium chloride and sodium hydrogen phosphate solutions. Scanning electron
microscopy (SEM), transmission electron microscopy (TEM), and selected area electron
diffraction (SAED) were used to examine the formation. Dentine slices were acid-etched,
coated with oligopeptide, and immersed into a metastable calcium phosphate solution.
Dentine mineralization was evaluated by SEM, X-ray diffraction (XRD), and Fourier

transform infrared spectroscopy (FTIR).

Results: Fluorescent dentine collagen was identified in the specimens. The nucleation and
growth of crystals were detected after immersing the oligopeptide into calcium chloride
and sodium hydrogen phosphate solutions. Under SEM, crystals were observed covering
the oligopeptide-coated dentine surface, within the demineralized dentine collagen matrix,
and occluding dentinal tubules. SAED, XRD and FTIR confirmed that the crystals were

hydroxyapatite.

Conclusion: A novel oligopeptide-simulating DMP1 was developed that can bind to
collagen fibrils, initiate mineralization, and induce biomimetic mineralization of dentine.
Clinical Relevance. Biomimetic mineralization of dentine facilitated by this oligopeptide

is a potential therapeutic technique for the management of dentine hypersensitivity.



Introduction

Gingival recession due to periodontal disease and tooth brushing abrasion can
result in the subsequent exposure of root surfaces to hypersensitivity [1]. The exposed
root surface is also susceptible to root caries, which are often notoriously difficult to
restore. Various treatments have been proposed to treat hypersensitivity, such as bonding
agents, desensitizing toothpaste, fluoride varnish, laser therapy, and restoration. However,
these treatments are sometimes unsuccessful. Further, even when they work,
hypersensitivity frequently recurs. Novel strategies, such as biomimetic mineralization,

need to be developed to manage this increasingly common problem.

Biomineralization is an organic matrix-mediated biomineralization process [2].
Tarasevich et al [3] successfully demonstrated the nucleation and growth of calcium
phosphate crystals by amelogenin on an enamel surface. In clinical dentistry, the most
commonly used remineralization agents are supersaturated solutions of calcium and
phosphate and fluoride solutions or gels [4]. Although these solutions and gels can
promote enamel remineralization and reduce the number of dental caries, they have little

effect on dentine remineralization [5, 6].

Enamel is highly mineralized with approximately 97% by weight hydroxyapatite
(HAP). The HAP nano-crystals self-assemble into a special microstructure of repeating
prism units. In the presence of a supersaturated calcium phosphate solution, the HAP
nano-crystals can act as nuclei to induce the growth of HAP crystals, thereby resulting in
the precipitation of HAP crystals on the enamel surface [7]. To become more resistant to
caries attack than the original enamel tissue, the HAP nano-crystals precipitate on the
surface and penetrate the subsurface areas of the carious lesion. Remineralization of
carious lesions in enamel is different from that of dentine, which contains a substantial
amount of collagen. The aim of the remineralization of dentine is to form the precipitation
of minerals onto the dentine surface and within the demineralized dentine collagen matrix

[2]. In addition, it is advantageous to occlude the open dentinal tubules for the



management of dentine hypersensitivity and dental erosion. The process of dentine
remineralization differs from that of enamel remineralization due to the differences in
their compositions and structures. By weight, dentine is comprised of 70% HAP, 20%
organic matrix that primarily consists of collagen, and 10% water. Its structure is
characterized by a calcified collagen matrix and dentinal tubules. After demineralization,
the collagen matrix is exposed on the dentine surface. However, it is ineffective in
initializing HAP nucleation and growth. Results of previous studies have shown that
precipitation of HAP crystals is rare and tends to be unevenly distributed on the dentine

surface in the presence of a remineralizing solution [6, 8].

The organic matrix of dentine mainly consists of type | collagen [9], which can
act as a template and plays an important role in the biomineralization of hard tissues, such
as bone and dentine. Nevertheless, type I collagen is inefficient as a structural matrix for
inducing matrix-specific mineral formation [10]. Non-collagenous proteins (NCPs),
which are tightly bound to the collagen fibers in mineralized tissues, are required as the
functional matrix for depositing HAP on the collagen matrix. NCPs, such as dentine,
DMP1, and dentine phosphophoryn, bind to collagen fibrils and contribute to the
regulation (initiation or inhibition) of dentine biomineralization [11]. DMP1 is the main
acidic non-collagenous matrix phosphoprotein identified from the mineralized matrix of
dentine and bone [12, 13]. It strongly influences collagen mineralization and regulates
HAP nucleation and growth [14-17]. DMP1 is also essential for dentinogenesis. Ye et al
[18] reported that DMP1-null mice postnatally developed a distinct tooth phenotype
characterized by the partial failure of predentine to mature into dentine, enlarged pulp
chambers, increased width of the predentine zone with a reduced dentine wall, and

hypomineralization.

Some researchers have used DMP1 to mimic enamel and dentine
biomineralization processes [16, 19]. DMP1 is a natural protein that is difficult to extract
and purify, as it can easily denature and is subject to potential contamination. However,

synthetic oligopeptide can be produced using self-assembling short peptides. The aim of
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this study was to design and fabricate a synthetic oligopeptide stimulating the function of
DMP1 that induces the nucleation and growth of HAP for dentine mineralization. The
null hypotheses were: (1) the synthetic oligopeptide cannot bind to collagen, (2) the
synthetic oligopeptide cannot induce the nucleation and growth of HAP, and (3) the

synthetic oligopeptide cannot induce dentine mineralization.

Materials and Methods

Synthesis of the oligopeptide simulating dentine matrix protein 1

An oligopeptide with an amino acid sequence of “Asp-Ser-Glu-Ser-Ser-Glu-
Glu-Asp-Arg-Thr-Lys-Arg-Glu-Glu-Val-Asp” was produced by connecting the
collagen-binding domain of DMP1 (Asp-Ser-Glu-Ser-Ser-Glu-Glu-Asp-Arg-) to the
hydrophilic C-terminal (-Thr-Lys-Arg-Glu-Glu-Val-Asp) of amelogenin. It was
synthesized by standard solid-phase peptide synthesis (SPPS) using standard
fluorenylmethoxycarbonyl (Fmoc) chemistry on an Applied Biosystems 433A automated
peptide synthesizer [20]. The SPPS was based on the sequential addition of alpha-amino
and side-chain protected amino acid residues. Various amino acids were connected one-
by-one via amide bonds. The base-labile Fmoc-group was used for N-alpha-protection.
After removal of this protecting group, the next protected amino acid was added using a
pre-activated, protected amino acid derivative. The resulting peptide was attached to the
resin via a linker through its C-terminus. Side-chain protected groups were selected to be
cleaved simultaneously to the detachment of the peptide from the resin. The synthetic
oligopeptide was purified and characterized by high-performance liquid chromatography
(HPLC) and mass spectrometry. Deionized water was used to dissolve the oligopeptide

to form a solution with concentrations of 1mg/ml and 10ug/ml for subsequent studies.

Ability to bind to dentine collagen
The ability of the oligopeptide to bind to dentine collagen was assessed using
a fluorescent staining procedure. Fluorescein isothiocyanate (FITC) is a fluorescent

staining dye derived from fluorescein. An FITC-coupled oligopeptide was also



synthesized by binding the N-terminus of the oligopeptide to carboxylic groups of the
FITC protein using SPPS. The FITC-coupled oligopeptide was used in the fluorescent
staining test to confirm that the oligopeptide specifically bound to dentine collagen.
Dentine slices that were 1.5 mm thick were prepared from extracted sound human
teeth. The slices were completely demineralized with 0.5M of EDTA (pH=8) for 5 days
(with stirring) at 25°C and washed with deionized water 3 times. They were then treated
with 4M guanidine HCI overnight at 4°C for the extraction of phosphoprotein and 0.5 M
NaCl, 50 mM Tris-HCI solution (pH=7.4). One slice was used for the energy dispersive
X-ray detector to verify the complete demineralization of the dentine slices. Another slice
was cut into a rectangular demineralized dentine block. The length and width of the
block was measured using a digital micrometer. The block was then sectioned into 10-
pum thick specimens using cryostat microtome (CM1850, Leica Cryostat CMS GmbH,

Wetzlar, Germany) in a cryochamber at -20°C.

Some of the 10-pm thick demineralized dentine Specimens were used in the
subsequent experiment. They were fixed on glass slides and immersed in a 1% bovine
serum albumin (BSA) solution for 30 min at 37°C to block non-special adsorption. The
specimens were divided into three groups. In group 1, 50 pl of 0.1 mg/ml FITC-
coupled oligopeptide solution was applied to the specimen for fluorescent staining of the
collagen. In group 2, 50 pl of 0.1 mg/ml of FITC-labeled anti-IgG antibodies (Boster
Biological Technology, Ltd. Wuhan, China) was applied to the specimens for non-
special fluorescent protein adsorption staining. In group 3, a phosphate-buffered solution
(PBS) was applied to the specimens for assessing the dentine’s auto-fluorescence. The
specimens were incubated at 37°C and 100% humidity in an aluminum foil box for 30
min and washed with a PBS for 5 min. After they were washed three times with the PBS,
the specimens were observed using fluorescence microscopy for immunofluorescent

staining (DM1 3000, Leica Microsystems CMS GmbH, Wetzlar, Germany).

In another experiment, 24 10-pum thick demineralized dentine Specimens were

placed in a sterilized 24-well tissue culture microplate and immersed in 1% BSA solution
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for 30 min at 37°C. 10 pl of 0.1 mg/ml of FITC-coupled oligopeptide solution was
applied to 12 specimens. In addition, 10 ul of 0.1 mg/ml of FITC-labeled anti-lgG
antibodies solution was applied to the remaining 12 specimens. The microplate was
incubated at 37°C and 100% humidity in a lucifugal box for 30 min. Further, 1,000 ml of
PBS was added to the wells to dissolve the non-binding FITC-coupled oligopeptide and
non-binding FITC-labeled anti-IgG antibodies. Also, 10 ul of 0.1 mg/ml of FITC-
coupled oligopeptide solution and 10 pl of 0.1 mg/ml of FITC-labeled anti-lgG
antibodies was added into 2 wells without a dentine slice containing 1,000 ml of PBS.
A fluorometer was used to measure the concentration of FITC-coupled oligopeptide
and FITC-labeled anti-lgG antibodies in the PBS. The quantity of FITC-coupled
oligopeptide and FITC-labeled anti-lIgG antibodies binding to dentine collagen was
calculated. Moreover, the differences between the two groups were assessed using a two-

sample t-test.

Ability to induce hydroxyapatite nucleation and growth

The ability of the oligopeptide to induce HAP nucleation and growth was
examined using scanning electron microscopy (SEM) at x300,000 magnification (Sirion
200, FEI Co., Hillsboro, USA) and transmission electron microscopy (TEM) at x300,000
magnification (JEOL-2010, JEOL Ltd. Co., Tokyo, Japan). The synthetic oligopeptide
solution (1mg/ml) was applied on the TEM copper grids and dried at room temperature
before fixation with 2% glutaraldehyde for 30 min. The grids were immersed in 10mM
of calcium chloride (CaCl,) solution for 60 min before being immersed in SmM of sodium
hydrogen phosphate (Na2HPO4) solution for 60 min at 23°C. The procedure was repeated
five times before examination by SEM and TEM. The grids without oligopeptide

application were used as a control.

Ability to induce dentine mineralization
Dentine slices that were 2 mm thick were prepared and polished with an 800-
grit silicon carbide paper under running water, etched with 37% phosphoric acid for 1

min to expose the collagen [21], and rinsed with deionized water to remove the acid. The
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slices were then divided into an experimental and a control group. The slices in the
experimental group were immersed in 0.1mg/ml of oligopeptide solution for 24 hours,
whereas those in the control group were immersed in deionized water. Each slice was
placed in a sealed polyethylene tube filled with 10 ml of biomimetic mineralization
solution. The biomimetic mineralization solution contains 2.58 mM Ca?*, 1.55 mM PO4*",
and 1 ppm F buffered by 50 mM, pH=7.6 Tris buffer, and 180 mM NaCl). The slices
were incubated at 37°C. The biomimetic mineralization solution was replaced every 24
hours. The slices were dehydrated with ethanol and dried in the critical evaporator after

48 hours before SEM evaluation.

The ability of the oligopeptide to induce dentine mineralization was examined
using SEM (Hitachi S-4800, Hitachi High Technologies America Inc., Dallas, USA;
Sirion 200, FEI Co., Hillsboro, USA), X-ray diffraction (XRD) (X’Pert Pro, Philips,
Almelo, The Netherlands), and diffuse reflectance-Fourier transform infrared
spectroscopy (DR-FTIR) (Nicolet 8700, Thermo Scientific Instrument Co., New
Hampshire, USA).

Results

Design and synthesis of the oligopeptide

The amino acid sequence of the oligopeptide was “Asp-Ser-Glu-Ser-Ser-Glu-Glu-
Asp-Arg-Thr-Lys-Arg-Glu-Glu-Val-Asp” (Fig. 1). The purity of the obtained
oligopeptide was 98% (Fig. 2). The mass spectrum of the purified oligopeptide showed
a single peak corresponding to a molecular weight of 1911 Da, which was close to the

theoretical molecular weight (Fig. 3).

Binding to dentine collagen
The completely demineralized dentine samples that were treated with FITC-
coupled oligopeptide (group 1) showed extensive green immunofluorescent staining in

the fluorescent micrographs, which confirmed the binding of the synthetic



oligopeptide to the dentine collagen (Fig. 4a). No florescence was observed in the
samples that were treated with FITC-labeled anti-1gG antibodies (group 2; Fig. 4b) or the
phosphate-buffered solution (group 3; Fig 4c). Therefore, the special adsorption caused

the oligopeptide to bind to the collagen.

The quantity of FITC-coupled oligopeptide that bound to dentine collagen
(0.2104+0.0016 ng) was significantly greater than that of FITC-labeled anti-lgG
antibodies (0.0583+0.0001 pg) (p<0.001). Given that the surface area of the dentine
block was measured as 5.431 mm x 1.112 mm, the quantity of FITC-coupled

oligopeptide that bound to dentine collagen was approximately 0.0348 ug/mm?.

Inducing HAP nucleation and growth

The SEM images revealed the plate-like morphology of the HAP precipitation
(Fig. 5a). The TEM images showed that the oligopeptide as a DMP1 simulator could
capture calcium and phosphate ions to induce HAP nucleation and growth following
alternate immersions in CaCl, and Na;HPOj4 solutions (Fig. 5b). Electron diffraction of
these crystallites revealed discrete ring patterns, which are characteristic of HAP (Fig. 5b

inset). No crystals were found in the control grids (Fig. 5c, d).

Inducing dentine mineralization

The XRD patterns of the HAP precipitates on the dentine surface are shown in
Figure 6. The peaks at 26°=25.968°, 31.699°, 32.079°, and 32.782° correspond to the
expected HAP peaks at the 002, 211, 112, and 300 faces, respectively, thereby confirming
that the precipitates were HAP crystals. The peaks ascribed to the 211, 112, and 300 faces
were not completely separated, suggesting that the HAP precipitates that formed were
low in crystallinity. The 002 face had a much stronger peak than those of the 112, 211,

and 300 faces, suggesting that the HAP crystals precipitated along the c-axis.

Figure 7 represents the DR-FTIR spectra generated from the oligopeptide-coated

dentine collagen surfaces and acid-etched dentine surface without oligopeptide coating
8



after immersion in the biomimetic mineralization solution for 48 hours. The FTIR spectra
indicated the presence of protein and phosphate minerals on the oligopeptide-coated
dentine collagen surface. The split va PO4 peaks at approximately 556 and 607 cm™* and
v1 POy peaks at approximately 1124 cm™* were from HAP crystals. The amide | (1600-
1690 cm™) and amide 11 (1480-1575 cm™) bands were derived from the C=0 and NH
stretch vibrations from the exposed dentine collagen [22]. The amide I11 band (1229-1301
cm 1) along line (a) was due to the CN stretch vibrations, which probably originated from

the oligopeptide links.

Following 48-hour immersion in the metastable calcium phosphate solution, HAP
precipitation was found covering the dentine surface and occluding all dentinal tubules
on the oligopeptide-coated dentine collagen (Fig. 8a, b). However, it was not found on
the control group collagen (Fig. 9). In the transverse section of the oligopeptide coating
samples, HAP crystals that precipitated in the dentinal tubules extended far from the
demineralized areas (Fig. 8b). The HAP crystals precipitated in the demineralized
collagen matrix and remineralized the peritubular dentine (Fig. 8c, d). Further, HAP
crystals grew along the dentinal tubules and packed together to occlude the dentinal

tubules (Fig. 8e, ).

Discussion

The null hypotheses were rejected. Results showed that the synthetic
oligopeptide could bind to the collagen, suggesting the nucleation and growth of HAP.
Findings also showed that the HAP that precipitated on the dentine surface occluded the
openings of the dentinal tubules and remained attached to them following supersonic
treatment. The oligopeptide could be used as a potential therapeutic agent to treat dentine

hypersensitivity.

The fabricated novel oligopeptide copied the amino acid sequence of the collagen-

binding domain of DMP1 “Asp-Ser-Glu-Ser-Ser-Glu-Glu-Asp-Arg” [23] and the amino



acid sequence (-Thr-Lys-Arg-Glu-Glu-Val-Asp) of the hydrophilic C-terminal of
amelogenin. Amelogenin, an enamel protein, constitutes approximately 90% of the
organic matrix in the enamel of human teeth. It can spontaneously self-assemble into a
nanospherical supra-molecular structure, which plays a vital role in enamel prism
formation [3]. The self-assembly mechanism of amelogenin is attributed to its bipolar
structure with the hydrophilic C-terminal (-Thr-Lys-Arg-Glu-Glu-Val-Asp) on the
globular monomer surface. The C-terminal is able to interact with calcium ions and
initializes HAP nucleation. By connecting the hydrophilic C-terminal of amelogenin to
the collagen-binding domain of DMPI1, this study successfully fabricated a novel
oligopeptide that was able to bind to collagen and occlude dentinal tubules for the

management of hypersensitivity.

Similar to the synthesis of other synthetic peptides, the novel oligopeptide
created in this study was fabricated by coupling the carboxyl group or C-terminus of
one amino acid to the amino group or N-terminus of another amino acid. This method of
synthesis differs from ribosome protein synthesis. The classical solution-phase peptide
synthesis method was not used in this study because the oligopeptide has a fairly long
sequence. The repetition of coupling and de-protection cycles is labor-intensive and
requires the isolation of all peptide intermediates. SPPS is more efficient than solution-
phase peptide synthesis, as the purification procedures are simpler to perform. However,
SPPS has limited yields, which can be a problem for the synthesis of long-chain peptides.
This study successfully demonstrated the SPPS protocol because the fabricated

oligopeptide could be purified to 98%.

The remineralization of enamel and dentine is often a more favorable option than
restorative treatment in the management of erosion. The remineralization of dentine is
more difficult than that of enamel because of its composition and structure. However,
clinicians commonly encounter severe erosive lesions involving dentine. The
demineralized dentine surface caused by dental erosion is composed primarily of a cross-

linking collagen matrix, which is ineffective for inducing HAP nucleation and growth.
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An initiator is essential for crystal nucleation and growth [24].

Researchers have proposed the use of poly-vinyl phosphoric acid [25-27], sodium
trimetaphosphate [28], and tripolyphosphate [29] to modify collagen protein. These
methods introduce phosphate groups into collagen molecules to simulate the role of NCPs
in initiating biomimetic dentine/collagen matrix mineralization. However, the binding of
phosphate groups to collagen molecules is random. Researchers have also used DMP1 to
induce dentine/collagen matrix remineralization [14-16]. DMP1 is a natural NCP that has
a high affinity for HAP and plays an important role in initiating and regulating HAP
nucleation and growth. It binds to collagen at the site of the gap zone of the collagen
fibrils and facilitates segmentally remineralized collagen fibers [14]. It also binds to
mineral ions and stabilizes mineral precursors to control collagen mineralization. Thus,
the aim of this study was to design and fabricate an oligopeptide to simulate DMP1 for

the biomimetic mineralization of dentine.

To simulate DMP1, the oligopeptide needed to be able to bind to collagen proteins
and calcium ions to induce HAP nucleation. In addition, it needed to be able to induce
collagen matrix mineralization. Using the immunofluorescent staining technique, we
demonstrated that the oligopeptide could bind to collagen. When the TEM copper grid
was coated with oligopeptide and subjected to repeated cycles of immersion in CaCl, and
NaxHPOg4 solutions, it was found that the oligopeptide could capture calcium and

phosphate ions to induce HAP nucleation and growth.

Phosphoric acid was used to demineralize the dentine surface because it is a
commonly used acid-etching agent in clinical dentistry. Milder acidic solutions or an
EDTA solution could have been used for demineralization. The dentine collagen, which
was exposed by demineralization, could then be exposed to the synthetic oligopeptide and
metastable calcium phosphate solution. Using SEM, XRD, and FTIR, HAP precipitation
was found on the dentine surface. HAP was also precipitated within the demineralized

collagen matrix and occluded dentinal tubules. The results suggested that the oligopeptide
1



could induce dentine remineralization. Further study using a bovine collagen membrane
can be performed to demonstrate the ability of this oligopeptide to mineralize collagen
fibrils [30]. Although XRD also revealed HAP in the control group, it was in the dentine

under the demineralized layer through which the X-ray penetrated.

Lui et al [31] classified the fabrication of nano-biomaterials into “top-down” and
“bottom-up” approaches. In a “top-down” approach, a complex entity is broken down
into its component parts to assemble a biomaterial. In a “bottom-up” approach, a
biomaterial is assembled from nano-sized molecules. A metastable calcium phosphate
solution was used as the mineral ion source, indicating a “top-down” mineralization
strategy [31]. It has been reported that the “top-down” method cannot induce intrafibrillar
apatite formation [31]. However, this study found precipitation of HAP crystals within
the collagen matrix. It may be that the peptide that bonded to the collagen fibers captured

calcium ions to form amorphous mineral precursors of HAP.

Biomineralization is a “bottom-up” approach that involves the spatial regulation
of amorphous mineral phases via matrix proteins and organization [31]. The addition of
an organic matrix to the mineralization solution could induce amorphous precursors that
are small enough to penetrate a demineralized collagen matrix [21]. An additional study
is being conducted to explore the possibility of employing a “bottom-up” mineralization
strategy, such as using a stable nano-ACP precursor combined with the DMP1-like
oligopeptide to induce intrafibrillar mineralization to regenerate the dentine

microstructure.

Conclusion

A novel synthetic oligopeptide that could bind to dentine collagen and induce the
nucleation and growth of hydroxyapatite on the acid-etched dentine surface and along
the dentinal tubules was successfully designed and fabricated. As this synthetic

oligopeptide can facilitate biomimetic mineralization and occlude dentinal tubules, it

12



offers a potential molecular tool for the management of dentine hypersensitivity.
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Fig. 1 Framework of the synthetic oligopeptide-simulating dentine matrix protein 1 (a)
amino acid sequence and (b) space-filling model

Fig. 2 HPLC report of the synthetic oligopeptide
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Fig. 3 Mass spectrometry results of the synthetic oligopeptide
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(The molecular weight of the synthetic oligopeptide is approximately 1,911 Da)

Fig. 4 Fluorescent micrographs showing the application of the FITC-coupled
oligopeptide (a), FITC-coupled IgG (b), and PBS (c) on dentine collagen

Micrograph (a) revealed fluorescence, which demonstrated the binding of the FITC-

coupled oligopeptide to dentine collagen. Micrographs (b) and (c) showed no

fluorescence, which illustrated no binding of the FITC-coupled IgG to collagen and no

auto-fluorescence of dentine collagen, respectively.
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Fig.5 (a) SEM and (b) TEM image showing the hydroxyapatite precipitation after immersing
the oligopeptide-coated TEM grids in calcium chloride and sodium hydrogen phosphate
solutions, respectively, for 5 cycles. (b, inset) The electron diffraction pattern of the
hydroxyapatite crystals. (c) SEM and (d) TEM image showing no precipitation in the control
group (non-oligopeptide-coated TEM grids).
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Fig. 6 The XRD pattern of the dentine collagen surface in different conditions

a: dentine collagen surface with synthetic oligopeptide coating after remineralization

b: dentine collagen surface without synthetic oligopeptide coating after remineralization
c: acid-etched dentine collagen surface before remineralization
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Fig. 7 DR-FTIR spectra of dentine collagen surface in different conditions

a- dentine collagen surface with synthetic oligopeptide coating after mineralization

b- dentine collagen surface without synthetic oligopeptide coating after mineralization
c- acid-etched dentine collagen surface before mineralization
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Fig. 8 SEM images of the oligopeptide-coated dentine surfaces after 48 hours of
mineralization. (a) surface topography, (b to f) transverse sections. The white line in (b)
shows the interface between the demineralized area (upper, showing the wide dentinal
tubules after acid etching) and non-demineralized aears (below). (¢) magnification of the
demineralized areas after remineralization showing that the demineralized collagen
matrix is calcified and the dentinal tubules are occluded. (d) magnification of subsurface
areas of remineralized collagen matrix which have not reached to the density of natural
dentine (e, f). (e) magnification of the deep areas of non-demineralized dentine showing
the mineral crystals occlude dentinal tubules and the natural calcified dentine collagen
matrix. (f) is the magnification of (e).
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Fig. 9 SEM iamges of the dentine surface in the control group after 48 hours of
mineralization. The images showed no HAP crystals on the dentine surface (a) and in
the dentinal tubules after 48 hours (b).
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