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Abstract
Dental enamel is a highly mineralized acellular tissue comprising of individual crystallites which are larger and more oriented

than other mineralized tissues of the body. Morphologically dental enamel is formed by matrix-mediated biomineralization. Precipitation of enamel crystallites from a supersaturated solution within a well-delineated biological compartment lead to enamel lattice

crystallization. The enamel crystal comprises of carbonated apatite which dissolves by organic acids (lactic and acetic) produced by
the cellular action of plaque bacteria on dietary carbohydrates. Demineralization occurs when pH levels fall to 5.7. Salivary proteins

slow down enamel demineralization by inhibiting calcium hydroxyapatite (HA) demineralization. Remineralization allows loss of

calcium, phosphate, and fluoride ions to be replaced by fluorapatite crystals which are more resistant to acid dissolution and are substantially larger than the original crystals, thereby providing a more favorable (smaller) surface to volume ratio. Hence larger apatite

crystals in remineralized enamel are more resistant to enamel breakdown by the resident organic acids. Statherin (StN43), a 43‐

residue phosphorylated salivary protein with primary sequence similarities to osteopontin and caseins, binds calcium and HA. The
identification of the minimum length of the functional domain of the statherin molecule augments the understanding of cariostatic

functions by measuring the efficacy of peptides of progressively shorter length (i.e. containing only the N‐terminal 21 (StN21), 15

(StN15), 10 (StN10), or 5 (StN5) residues) to reduce HA demineralization rates (RDHA). The mechanism by which statherin‐like peptides reduce Hydroxyapatite demineralization rates may be associated with their binding to HA surfaces. Overview of previously pub-

lished binding energies of statherin to HA also suggest that statherin‐like peptides containing 21 and 15 N‐terminal residues or more
are required for binding suggesting a link between binding and demineralization reduction. The short chain statherin N-Terminal
residues do not exert a cariostatic effect owing to the inability to undergo helical changes on adsorption to hydroxyapatite crystals.

Different remineralization strategies using fluoride, electrolytic deposition, hydroxyapatite nanoparticles, amorphous calcium phosphates, and hydrogen peroxide have been developed recently and synthetic peptides are being employed in biomimetic hard tissue
remineralization processes. Further in vivo studies are needed to develop salivary biomimetic peptides for anti-caries applications.
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Introduction
Dynamic Processes of Enamel
Dental enamel is the hardest acellular tissue unlike other min-

eralized tissues of the human body (dentine, cementum and bone)
and comprises approximately 96% carbonated hydroxyapatite
(HA) mineral with exceptional flexural strength and hardness [1].
In a healthy environment of the oral cavity, enamel stays relatively

stable, with a dynamic equilibrium between processes of deminer-

Different remineralization strategies using fluoride, electrolytic

deposition, hydroxyapatite nanoparticles, amorphous calcium
phosphates, and hydrogen peroxide have been developed recently

[4-8] and synthetic peptides are being employed in biomimetic

hard tissue remineralization processes [9-11]. Some methods are

however not applicable clinically subject to stringent conditions,
adverse reactions or controversial therapeutic efficacy [12].

Dental caries are treated conventionally by the mechanical re-

alization and remineralization at the interfaces between tooth-sal-

moval of the affected part and filling it with a resin or metal alloy. In

to permanent damage by a dynamic disease process called dental

or resin. Various non-surgical methods for managing noncavitated

ivary pellicle and plaque-saliva [2]. The imbalance between demineralization and remineralization renders the enamel susceptible

caries [3]. Hence remineralization of early small caries lesions before they progress into cavities is given emphasis to for inhibiting
irreversible destruction of enamel.

early small lesions this method is not beneficial since healthy tooth
must be removed disproportionately for accommodating the alloy

carious lesions include therapies such as fluorides (F) in the form
of (toothpaste, gel, varnish, mouthrinse, and combination), seal-
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ants (S), xylitol (X) in the form of (lozenges, gum, or in combination

the only salivary protein that inhibits the spontaneous precipita-

(CPP-ACP) or in combination with calcium fluoride phosphate [12].

salivary proteins [28]. It inhibits both primary as well as second-

with F and/or xylitol) Chlorhexidine (CHX) alone or in combination with F, casein phosphopeptide amorphous calcium phosphate

Hence in situ HA remineralization in physiological oral conditions
is a preferred alternative pathway for restoring caries by repairing

early carious lesions via nanocrystalline growth and minimizing
natural enamel tissue preparation.

Enamel is constantly exposed to the oral salivary fluid which

exhibits a crucial role in remineralization process by providing a

multitude of proteins. These proteins maintain the integrity of teeth
and regulate caries risk [13]. Statherin including cystatins, histatins

and the acidic Proline rich proteins are major salivary proteins

tion of calcium phosphate salts from the supersaturated saliva
and is a very potent inhibitor of crystal growth compared to other

ary precipitation of calcium phosphate salts [29]. The mechanism
by which statherin inhibits dissolution is not known but may be

associated with binding of the statherin peptide to the surface of

hydroxyapatite and inhibition of coalescence of dissolution pits
on the surfaces [30,31]. Structural domains of salivary statherin

partly responsible for the protection and recalcification of tooth
enamel have been examined with respect to charge, sequence, hydrophobicity, hydrogen bonding potential and conformation.

Solid-state nuclear magnetic resonance (NMR) studies,

which maintain salivary homeostasis of the supersaturated state of

conﬁrmed that the N-terminus of statherin bound strongly to

Statherin

all the negative charge at the N terminus of statherin [32]. The N

calcium phosphate salts and impart a reparative and protective environment crucial for the integrity of teeth [14].

Statherin is a 43-residue, dephosphorylated, asymmetric, tyro-

sine-rich, acidic salivary peptide with a molecular weight of 5380
Daltons and a concentration of 10 - 40 μM in the human saliva [15].

It is secreted by the acinar cells of the submandibular and parotid
salivary glands and the primary structure comprises of tyrosine-

rich residues and vicinal phosphoserines [16]. The primary sequence is similar to casein and osteopontin [17].

The glutamic acid containing N-terminus of statherin is highly

charged and vital in recognizing hydroxyapatite crystals [18]. In vi-

tro studies on N-terminal 15-amino-acid residue of statherin (SN15)
with a structure (DpSpSEEKFLRRIGRFG, where pS specifies a phosphorylated serine) and its analog SNA15 (DDDEEKFLRRIGRFG) dis-

play high adsorption on the surface of HA [19]. N-terminal domain
(residues 1–12)are in close proximity to the HA surface upon ad-

sorption due to its α-helical structure [20]. A cysteine peptide based
on the initial six-peptide sequence of N-terminus possesses a strong
adsorption capacity to the tooth enamel [21]. Hence the key amino
acid sequences identified in statherin are particularly important

for HA adsorption and peptides based on these key residues may
augment in situ enamel biomimetic remineralization. N-terminus
of statherin is synthesized by fluorenylmethoxycarbonyl (Fmoc)
solid-phase method [9].

The C-terminal fragment inhibit the growth of anaerobic bacte-

ria in oral cavity [22] by binding to bacterial fimbriae via recognition receptors expressed when it is adsorbs to HAP on the mineral
surface [23]. Statherin molecule is present in a solution in an un-

folded state however on adsorption to HAP it undergoes a structural transition or folding to a well determined functional structure
which may explain the structural basis for biological functioning
[23].

Statherin function in the transport of calcium and phosphate

during secretion of salivary glands and their concentration is not

subject to circadian rhythms like other salivary peptides [24]; promote bacterial adhesion to enamel surfaces and provide a boundary

lubricant at the enamel interface [25]. Mineral solution dynamics of
enamel are maintained by inhibiting Hydroxyapatite crystallization

and spontaneous calcium phosphate precipitation in vivo [26] and

binding to hydroxyapatite in vivo [27] thus inhibiting nucleation

and growth of hydroxyapatite crystal and their concentration. It is

HA, whereas the middle and C-terminal regions were mobile
and dynamic. This may be attributed to the clustering of nearly

terminus of statherin is suggested to be in charge for anchoring
this molecule to the HA surface by assuming an alpha-helix struc-

ture upon adsorption whereas other molecular regions maybe

involved in stabilizing this adsorption [33]. The N terminus of a

penta peptide similar to the N terminus of statherin was found to
bind strongly to HA surfaces in an extended formation [34]. One
mechanism for this conformational change may be related to a

change at K6 (lysine residue) from a helical structure to a random-

coil structure. Additionally may be an interaction of protein side

chains at the K6 position and the hydroxyapatite forming a hydrogen bond network enhancing protein–mineral recognition [35].
The alternative mechanism proposes an electrostatic interaction

between the peptide and the HA surfaces [36]. which coincides

with the thermodynamic studies [37]. Calculation of adsorption
free-energy interactions of statherin-HA binding performed via

three dimensional (3D) atomic-level modeling binding energies
methods known as Monte-Carlo and energy-minimization com-

putational methods [22] calculate solvation energies, hydrogen
bonding, van der Waals interactions and electrostatic interaction.

These suggest a molecular level recognition at the saliva enamel

interface between the a-helix of statherin at its N terminus with
the predominant 001 face of HA [38].

Correlation of a three dimensional structural model for

statherin with functional activities is important because an intact
molecule of statherin has been implicated in all of its functional

roles in an oral cavity. Three-dimensional structural models for
statherin at the enamel interface and in solution are proposed
based on secondary structure predictions, circular dichroism of
intact as well as synthetic fragments, and molecular modeling
[39].

Treatment with a 21 N-terminal residue of a statherin-like

peptide reduces the rate of demineralization in HA in caries-simulating solutions by almost 50% [29]. Another study demonstrates
a similar amount of reduction in HAP demineralization in treat-

ment with a peptide composed of only the 15 N-terminal residue
of statherin. Peptides of only 10 or 5 N-terminal residues did not

exert any sizable impact on reducing the rate of demineralization

of HA in artificial caries like condition [17]. This suggests that cari-

ostatic function of statherin-like peptides requires N-terminus of
15 residues or more. The computational residue–surface interac-

tion analysis of statherin with HA proposes maximum binding en-
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ergy at the N terminus, between residues 1 - 15, and in particular

with the binding energy of Arg13 noted for exhibiting the strongest
van der Waals interaction and hydrogen bond [38]. The inability

of pentapeptide DpSp-SEE to inhibit HA demineralization is due

to its inability to form an a-helix formation which may be required
for cariostatic function [34]. A recent study on a cysteine-labelled

peptide based on the first six-peptide sequence of N-terminus of
statherin reports a strong enamel adsorption capacity [40].

Conclusion

Hence further in vivo studies to further develop salivary biomi-

metic peptides for anti-caries clinical applications. Simulating natu-

ral processes in the oral cavity shall help augment and acclimate
this peptide for a biomimetic early caries management.

Bibliography
1.
2.
3.
4.

5.
6.
7.
8.
9.

HF Chen., et al. “Acellular Synthesis of a Human Enamel-like
Microstructure”. Advanced Materials 18.14 (2006): 1846-1851.
T Aoba. “Solubility properties of human tooth mineral and
pathogenesis of dental caries”. Oral Diseases 10.5 (2004): 249257.
JD Featherstone. “Dental caries: a dynamic disease process”.
Australian Dental Journal 53.3 (2008): 286-291.

Y Fan., et al. “Effect of Fluoride on the Morphology of Calcium
Phosphate Crystals Grown on Acid-Etched Human Enamel”.
Caries Research 43.2 (2009): 132-136.

Wei Ye Xiao-Xiang Wang. “Ribbon-like and rod-like hydroxyapatite crystals deposited on titanium surface with electrochemical method”. Materials Letters 61.19-20(2007): 4062-4065.
YR Cai and RK Tang. “Calcium phosphate nanoparticles in
biomineralization and biomaterials”. Journal of Materials
Chemistry 18 (2008): 3775.

Tung MS and Eichmiller FC. “ACP for tooth mineralization”.
Compendium of Continuing Education in Dentistry 25.1 (2004):
9-13.
K Yamagishi., et al. “Materials chemistry: A synthetic enamel
for rapid tooth repair”. Nature 433.7028 (2005): 819.

XP Lv., et al. “Potential of an amelogenin based peptide in promoting reminerlization of initial enamel caries”. Archives of
Oral Biology 60.10 (2015): 1482-1487.

10. Y Yang., et al. “8DSS-Promoted Remineralization of Initial
Enamel Caries In Vitro”. Journal of Dental Research 93.5 (2014):
520-524.

11. Y Cao., et al. “A novel oligopeptide simulating dentine matrix
protein 1 for biomimetic mineralization of dentine”. Clinical
Oral Investigations 18.3 (2014): 873-881.
12. M Tellez., et al. “Non‐surgical management methods of noncavitated carious lesions”. Community Dentistry and Oral Epidemiology 41.1 (2013): 79-96.

13. CJ Whittaker., et al. “Mechanisms of adhesion by oral bacteria”.
Annual Review of Microbiology 50 (1996): 513-522.
14. Deepak Gowda., et al. “Correlation of Salivary Statherin and
Calcium Levels with Dental Calculus Formation: A Preliminary
Study”. International Journal of Dentistry (2017): 2857629.

59

15. Ferguson DB. “The salivary glands and their secretions, oral
bioscience”. Edinburgh: Churchill-Livingstone, (1999): 118150.
16. Lamkin MS and Oppenheim FG. “Structural features of salivary function”. Critical Reviews in Oral Biology and Medicine
4.3-4 (1993): 251-259.

17. Shah S., et al. “An in vitro scanning microradiography study
of the reduction in hydroxyapatite demineralization rate by
statherin-like peptides as a function of increasing N-terminal
length”. European Journal of Oral Sciences 119.1 (2011): 1318.
18. Raj PA., et al. “Salivary statherin. Dependence on sequence,
charge, hydrogen hydrogen bonding potency, and helical conformation for adsorption to hydroxyapatite and inhibition of
mineralization”. Journal of Biological Chemistry 267.9 (1992):
5968-5976.

19. MH Misbah., et al. “Formation of calcium phosphate nanostructures under the influence of self-assembling hybrid
elastin-like-statherin recombinamers”. RSC Advances 6.37
(2016): 31225.
20. Goobes Rivka Goobes., et al. “Thermodynamic Roles of Basic
Amino Acids in Statherin Recognition of Hydroxyapatite”. Biochemistry 46.16 (2007): 4725-4733.

21. YX Yang., et al. “Salivary acquired pellicle-inspired DpSpSEEKC peptide for the restoration of demineralized tooth
enamel”. Biomedical Materials 12.2 (2017): 025007.

22. Kochanska B., et al. “The effect of statherin and its shortened
analogues on anaerobic bacteria isolated from the oral cavity”. Acta Microbiologica Polonica 49.3-4 (2000): 243-251.
23. Goobes G., et al. “Solid state NMR studies of molecular recognition at protein-mineral interfaces”. Progress in Nuclear
Magnetic Resonance Spectroscopy 50.2-3 (2007): 71-85.

24. RJ Gibbons and DI Hay. “Human salivary acidic proline-rich
proteins and statherin promote the attachment of Actinomyces viscosus LY7 to apatitic surfaces”. Infection and Immunity
56.2 (1988): 439-445.
25. WH Douglas., et al. “Statherin: a major boundary lubricant of
human saliva”. Biochemical and Biophysical Research Communications 180.1 (1991): 91-97.

26. Moreno EC., et al. “Effect of human salivary proteins on the
precipitation kinetics of calcium phosphate”. Calcified Tissue
International 28.1 (1979): 7-16.
27. Johnsson M., et al. “The effects of human salivary cystatins
and statherin on hydroxyapatite crystallization”. Archives of
Oral Biology 36.9 (1991): 631-636.

28. RA Cowman, et al. “Statherin and the proline-rich parotid
proteins PRP II and PRP IV as Amino nitrogen sources for
plaque-forming oral streptococci”. Journal of Dental Research
58.10 (1979): 2008-2009.
29. Kosoric J., et al. “A synthetic peptide based on a natural salivary protein reduces demineralisation in model systems for
dental caries and erosion”. International Journal of Peptide Research and Therapeutics 13.4 (2007): 497-503.

30. Tang R., et al. “Constant composition dissolution of mixed
phases. II. Selective dissolution of calcium phosphates”. Journal of Colloid and Interface Science 260.2 (2003): 379-384.

Citation: Saleha Shah. “Statherin-Role in Biomimetic Early Caries Management”. Acta Scientific Dental Sciences 2.6 (2018): 57-60.

Statherin-Role in Biomimetic Early Caries Management

31. M Castagnola., et al. “Determination of the human salivary peptides histatins 1, 3, 5 and statherin by high-performance liquid chromatography and by diode-array detection”. Journal of
Chromatography B: Biomedical Sciences and Applications 751.1
(2001): 153-160.
32. Naganagowda GA., et al. “Delineation of conformational preferences in human salivary statherin by H-1,P-31 NMR and CD
studies: sequential assignment and structure-function correlations”. Journal of Biomolecular Structure and Dynamics 16.1
(1998): 91-107.

33. Elgavish Ga and Hay DI. “Schlesinger DH.1H and31P nuclearmagnetic resonance studies of human salivary statherin”. International Journal of Peptide and Protein Research 23.3 (1984):
230-234.
34. Long JR., et al. “Structure and dynamics of hydrated statherin
on hydroxyapatite as deter-mined by solid-state NMR”. Biochemistry 40.51 (2001): 15451-15455.
35. Raghunathan V., et al. “Homonuclear and heteronuclear NMR
studies of a statherin fragment bound to hydroxyapatite crystals”. Journal of Physical Chemistry B 110.18 (2006): 93249332.
36. Chen PH., et al. “Adsorption of a statherin peptide fragment on
the surface of nanocrystallites of hydroxyapatite”. Journal of the
American Chemical Society 130.9 (2008): 2862-2868.

37. Goobes R., et al. “Thermo-dynamics of statherin adsorption
onto hydroxyapatite”. Biochemistry 45.17 (2006): 5576-5586.

38. Makrodimitris K., et al. “Structure prediction of protein- solid
surface interactions reveals a molecular recognition motif of
statherin for hydroxyapatite”. Journal of the American Chemical
Society 129.44 (2007): 13713-13722.
39. Narayanan Ramasubbu., et al. “Structural Characteristics of
Human Salivary Statherin: A Model for Boundary Lubrication
at the Enamel Surface”. Critical Reviews in Oral Biology and
Medicine 4.3-4 (1993): 363-370.

40. Kun Wang., et al. “A statherin-derived peptide promotes hydroxyapatite crystallization and in situ remineralization of
artificial enamel caries”. RSC Advances 8.3 (2018): 1647-1655.

Volume 2 Issue 6 June 2018
© All rights are reserved by Saleha Shah.

Citation: Saleha Shah. “Statherin-Role in Biomimetic Early Caries Management”. Acta Scientific Dental Sciences 2.6 (2018): 57-60.

60

