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Besides their structural catalytic and diverse regulatory
functions, proteins are also precursors of many impor-
tant biological compounds essential for normal func-
tioning of humans. Many of these compounds may be
used as markers for identification of specific pathological
states. A comprehensive knowledge about the metabo-
lism of salivary proteins and the mechanisms of action of
their metabolites allowed the development of effective
treatment for many disorders. However, it should not
be forgotten that in some pathological conditions, these
compounds not only could be involved in the pathogen-
esis but also could be used as tool in the prediction of
many diseases. This paper is a review of the published
literature on selected salivary proteins in the context
of the physiological processes of the human body and
chosen chronic disorders, such as diabetes, diabetic ne-
phropathy, mucositis, oral mycoses and caries.
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THE SIGNIFICANCE OF SELECTED SALIVARY PROTEINS
AND THEIR METABOLITES IN PHYSIOLOGY AND
PATHOLOGY

The number of human proteins considerably exceeds
the number of genes, which is connected with the phe-
nomenon of alternative splicing and post-translation
modifications occurring in the course of gene expres-
sion. This leads to the formation of proteins of various
structures. It appears that even a few dozen proteins
may be formed from one gene, and therefore the defini-
tion of the complete human proteome is a much more
complicated task than genome definition. The proteom-
ics research is currently focused on two areas: the first is
connected with protein expression, and the second with
their behavior in biological systems.

Salivary proteins play a significant role in protecting
humans against infection. Their level in the oral cavity is
subject to constant fluctuations which depend on numer-
ous factors. Modification of the composition of salivary
proteins is caused not only by pathological changes, but
is also a result of numerous physiological states. Physical
exercise, among others, may cause changes in the con-
centration of salivary proteins, such as B-defensins and
LI-37. Fujimoto et al. (2011) observed that physical ex-
ercise leads to an increase in the level of B-defensin-2
and peptide LL-37 (Fig. 1). It is supposed that such a
change may be connected with the release of a range
of pro-inflammatory cytokines such as IL-1b or TNF-«,
which induce the release of antibacterial peptides. This
process probably also involves catecholamines synthe-

sized during an exercise; however, their role in that range
has not been proved so far. Moreover, it was noted that
the increase in the level of B-defensin-2 and 1.I-37 was
negatively correlated with cortisol concentration (Fig. 1).
Glycocorticoids may probably decrease the expression of
B-defensins in saliva, thus limiting their ability of coun-
teracting oral cavity infections (Fujimoto e# a/, 2011). An
increase in the concentration of LL-37 and HNP1-3 (hu-
man neutrophil peptide, HNP) after the physical exercise
was demonstrated in the study by Allgrove ez al. (2009).
The change in the amount of these proteins results from
the inflammatory state caused by an intense physical ex-
ercise. This involves an increase in the level of neutro-
phil granulocytes, from which antibacterial proteins are
released, both in the blood and saliva (Fig. 1) (Allgrove
et al., 2009).

The level of salivary proteins changes with age. Boi
et al. (2011) demonstrated an elevated concentration
of total peptides in the saliva of preterm infants. Nine
months later, the level of salivary proteins decreased
reaching values observed in babies born on time. Pro-
teins detected in considerable amounts included small
proline-rich protein (SPRR) and peptides belonging to
the S100 protein family. The elevated level of two iso-
forms of SPRR protein is probably connected with the
lack of epithelial transglutaminase in preterm infants.
Also an increased level of cystatins was observed in the
infants’saliva. It was noted that there were differences in
the concentration of particular salivary peptides depend-
ing on the age. The level of alkaline proline-rich proteins
increased during the maturation period (Boi e al., 2011).
This increase may be a result of changes which occur in
salivary glands, but also a diet influence is considered as
one of the reasons. It was demonstrated that consump-
tion of products rich in tannins may increase proline-rich
protein (PRP) expression (Ann e/ al, 1997). Motreover
differences in the level of particular PRP peptides were
noticed. 1I-2 peptide was the last to reach a constant
concentration in saliva, which proves a differentiated
expression of genes encoding particular PRP proteins.
A substantial drop in acidic PRP level was observed in
children aged 6-9 years due to the replacement of de-
ciduous teeth with permanent ones (Boi e al, 2009). A
rapid adsorption of acidic PRP on the surface of teeth
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Figure 1. Selected salivary proteins in physiology.

and gums takes place during this process, decreasing
their in level in saliva (Garcia-Godoy & Hicks, 2008).
In the group of 3—5-year-old children, in turn, a higher
level of histatin 1 was noted. This could be due to the
eruption of deciduous teeth and the role of histatin 1 in
the healing of wounds and lesions of the oral cavity tis-
sues (Boi ez al., 2009).

The level of antibacterial proteins in saliva is also in-
fluenced by substances which get to the oral cavity from,
e.g. tobacco smoke. Changes in the production of IL-8
and [-defensin-2 in epithelial cells of gums caused by
tobacco components were assessed in a study by Ek-
somtramate ¢/ al. (2009). An increase in 11-8 expression
by cigarette smoke was demonstrated, and the synthesis
of B-defensins appeared to be lowered when compared
to non-stimulated cells. Moreover, it was demonstrated
that the activity of nicotine alone causes considerably
lower effects, which suggests that the changes observed
may be also influenced by other components of tobacco
smoke (Eksomtramate ¢z al, 2009). Mahanonda & Pichy-
angkul (2007) demonstrated that induction of IL-8 and
B-defensins is mediated by TLR receptors (Toll-like re-
ceptor) present in the oral cavity epithelium. They are
activated by, among other factors, lipopolysaccharides
(LPS) of bacterial cell membranes (Mahanonda ez 4/,
2007). Lowering of the synthesis of B-defensins which
have antibacterial properties leads to impaired ability of
an organism to fight oral cavity pathogens. An increase
in I-8 concentration, in turn, potentiates the inflamma-
tory state in periodontium diseases. It may be concluded
that avoiding the intake of some substances may en-
hance the protection against pathogens occurring in the
oral cavity (Fig. 1).

Various pathological states may be both a result
and a reason of modification of salivary protein com-
position. One of diseases leading to changes in the
level of antibacterial proteins in oral cavity is diabetes.
Cabras ¢t al. (2010) demonstrated differences in the
concentration of the salivary proteins between healthy
children and those with type 1 diabetes. The level of
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a-defensins 1, 2 and 4, S100A9, the calcium bind-
ing protein, and small fragments of PC peptide were
all more abundant in the diabetic group. It was also
noted that the concentration of «-defensins 1, 2 and
4 in saliva strongly correlates with their level in the
blood (Cabras ez al., 2010). The concentration of these
proteins was considerably eclevated in patients with
diabetic nephropathy, which is probably a result of an
impaired efficiency of their removing by kidneys. Also
the role of inflammatory state cannot be excluded,
which involves an activation of neutrophils and an in-
creased in release of a-defensins stored in the granu-
lations of neutrophil granulocytes (Flyvbjerg es al,
2008). The concentration of statherins, histatins 1 and
3, and proline-rich peptide PB was considerably low-
ered in the examined group. Moteover, a decrease in
the level of PC peptide originating from pre-secretory
modification of PRP-1 protein was demonstrated. An
increase in the concentration of fragments originating
from PC peptide degradation occurs concurrently. An
increased activity of glutamine endoprotease originat-
ing from microorganisms is observed in patients with
diabetes, which explains an increase in the level of PC
peptide fragments in saliva of the diseased subjects.
A decrease in the level of statherins and their detiva-
tives was also noted in the examined group, which sug-
gests lowered expression of genes for these peptides in
patients suffering from diabetes. Similarly, the concen-
tration of PB peptide belonging to the family of ba-
sic proline-rich proteins was decreased in the saliva of
diabetic children. Moreover, a lowered concentration of
histatin 1, which is an adjunctive factor in wound heal-
ing, was noted in the examined group (Cabras e/ al,
2010). The ability of histatins to stimulate wound heal-
ing was confirmed in a study by Bolscher e a/ (2009).
A three-dimensional dermal model obtained using tissue
engineering methods was used for this purpose. It was
observed that histatin leads to tissue regeneration not by
increasing cell proliferation, but by enhancing their mo-
bility. Histatins probably affect skin cells »iz G-protein-
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coupled receptor (GPCR) passing the signal stimulating
migration.

Moreover, it was demonstrated that peptide structure
influences histatin properties. Protein cyclization increas-
es the cell migration stimulatory activity 1000-fold (Bols-
cher et al, 2009). Blaauboer ¢/ a/ (2010) demonstrated
that histatin 2 intensifies migration of epithelial cells and
fibroblasts, which enhances regeneration of damaged tis-
sue without inflaimmatory state or fibrosis. Histatin 2
demonstrates an enantiomer-dependent effect on the ex-
cited cells (Blaauboer e al, 2010). Fujigaki et al. (2009)
demonstrated that histatin 3 may increase proliferation
of gum fibroblasts by interaction with peptides related
to heat shock cognate proteins 70 (HSC70). HSC70 pro-
teins form a complex with a cell cycle regulator, which
leads to transition of the cells from the G1 to S phase
and accelerates their proliferation (Fujigaki ez al., 2009).
Histatins may in future play an important role in wound
healing therapy owing to their lack of cytotoxicity at
concentrations of at least 100 ug/ml, metabolic stabil-
ity and small size, which facilitates penetration through
skin surface (Bolscher ez al, 2009). The process of tis-
sue regeneration in diabetics seems to be impaired, thus
the therapy with histatin 1 which stimulates regeneration
of damaged tissues, may be a therapeutic concept in the
future.

Statherins, histatins and PB peptide play a significant
role in tooth tissue protection against caries, therefore
lowering of their concentration in the saliva of children
suffering from type 1 diabetes may favor pathological
changes on tooth enamel (Cabras ez al, 2010). Lowered
concentration of histatins is partly a result of their form-
ing complexes with other proteins, such as mucins, PRP,
statherins or amylase. The major cause of protein bind-
ing are hydrophobic interactions, albeit hydrogen bonds
also contribute in this process (lontcheva et al, 1997).
However, the main factor leading to a decrease is their
proteolytic degradation resulting in the histatin level of
the stable derivatives formation (Bosch ef al, 2009). An
important source of proteolytic enzymes are microorgan-
isms of the oral cavity. It has been demonstrated that
arginine-dependent gingipains produced by Porphyromonas
gingivalis lead to degradation of histatin 5 (Bachni ef al,
2001). Histatins are highly susceptible to proteolysis
due to their high content of lysine and arginine residues
(Alagl ez. wsp., 2000). The decomposition of histatins in
diabetics seems however to be balanced, which is proved
by a lack of a considerable increase of the concentration
of histatin derivatives when compared to their amount
in healthy people. An increased level of ST00A9 protein
coming from neutrophil cytoplasm was also noted in the
examined group. S100A9 is a part of the calprotectin
complex, which is upregulated in response to LPS de-
rived from the invading microorganisms (Akamatsu ez al,
2009). Those authors demonstrated an increased phos-
phorylation, what was probably connected to an adapta-
tion of neutrophil granulocytes cytoplasm to exocytosis
(Cabras et al., 2010).

The above studies suggest that determination of
the level of antibacterial proteins such as a-defensins,
statherins or histatins which are present in the saliva of
patients with type 1 diabetes could be a useful tool for
the detection and prevention of its complications.

The salivary protein composition may also change in
the course of hyper-IgE syndrome which is character-
ized by an increased concentration of IgE and recurrent
infections of mucous membranes and skin. A decrease
in the level of proteins of anti-fungal activity such as
B-defensins-2 and histatin 1 in hyper-IgE syndrome was

demonstrated in a study by Baker ¢z 2/ (2011). They ob-
served that incubation of epithelial cells of the oral cavi-
ty with II.-17 leads to an increase in histatin 1 level. This
suggests a role of Th17 lymphocytes in the expression of
antibacterial proteins in the saliva. Lowered level of Th17
or disturbed signalization of STAT 3 protein may prob-
ably cause a lowered level of histatin and B-defensin-2.
Also, different levels which of these proteins were dem-
onstrated among patients in the control group (Baker ef
al., 2011). Lowered concentration of B-defensin-2 and
histatin 1 is a significant factor promoting bacterial and
fungal infections in the course of hyper-IgE syndrome.

Also Sjogren’s syndrome is accompanied by changes
in salivary proteins. The aim of a study by Gunduz e7 a/.
(2009) was to determine the level of 3-defensin -1 and -2
in the saliva of those suffering from the disease. Expres-
sion of the antibacterial proteins was decreased in the
diseased subjects, and the reduction of 3-defensin-2 was
higher than that of B-defensin-1. Infiltration of salivary
glands by lymphocytes occurs in Sjogren’s syndrome.
It was demonstrated that the decrease in the level of
B-defensins in salivary glands of the diseased may occur
just before the infiltration by the cells of the lymphatic
system. The deficiency of B-defensins may thus be one
of the factors leading to development of Sjogren’s syn-
drome (Gunduz e# al., 2009). By analyzing the saliva pro-
teome of the diseased, the researchers found a different
pattern than in physiological conditions, and thus these
proteins may become biomarkers of a specified patho-
logical state.

One of the pathological processes accompanied by
changes in salivary proteins is caries. Amado e a/. (2010)
examined the concentration of PRP proteins, statherins
and histatins in the saliva of subjects affected with caries
and a control group without clinical symptoms. Salivary
peptides, including PRP proteins, statherins and histatins,
can form complexes protecting them from proteolysis.
Such a form facilitates binding to the enamel surface and
formation of pellicula which prevents demineralization
of teeth (Iontcheva e al, 1997). It has been demonstrat-
ed that the presence of pellicula decreases attachment
of caries-causing bacteria to the tooth surface. Howev-
er, formation of a more stable layer is needed in order
to ensure enamel protection against the loss of calcium
phosphate salts. This process involves transglutaminase,
an enzyme released by epithelial cells of the oral cavity
which enables formation of covalent bonds between sali-
vary proteins (Grogan e# al., 2000). It has been demon-
strated that the ratio concentration of proteins attached
to connected with the enamel hydroxyapatite to those
present in free form is considerably higher in healthy
people. Such a relationship concerns statherins, hista-
tin 1, PRP-1 and PRP-3 proteins. Attachment of these
proteins with hydroxyapatite enables better protection of
teeth against acids, providing proper remineralization of
the enamel. Moreover, a higher total amount of peptides
was demonstrated in the saliva of people without car-
ies. Also lowered susceptibility of histatin 5 connected
to hydroxyapatite to proteolytic a degradation was noted.
In turn, in the group of people with caries, an increase
in the level of histatin derivatives and a decrease in the
concentration of the parent forms was observed, which
favored demineralization process. Binding of salivary
proteins with hydroxyapatite is one of the mechanisms
of enamel protection against caries development.

The antibacterial activity of two salivary peptides:
fragment of active lactoferrin domain (hLLF1-11- human
lactoferrin 1-11) and P-113, which is 12-amino acid de-
rivative of histatin 5, was assessed in a study by Huang
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et al. (2011). Streptococcus mutans strains were the most
susceptible to the antibacterial activity of the mentioned
peptides, while the growth of S. gordonii and S. sanguis
strains was inhibited by higher levels of hLLF1-11 and
P-113 peptides. The application of electron microscopy
showed that the peptides penetrate the bacterial cell
without causing its lysis. hLLF1-11 and P-113 accumulate
in the microorganism’s cytoplasm, and their bactericidal
activity is probably based on interactions with the DNA
of the host. Due to its high content of the basic amino
acid arginine and the ability to form hydrogen bonds,
hLLF1-11 may bind to the bacterial cell surface and then
undergo spontaneous internalization. The N-terminal
part of the peptid containing four arginine residues con-
tributes to the binding of hLF1-11 to DNA. In has been
demonstrated that the interaction of lactoferrin with
DNA involves electrostatic interactions between posi-
tively charged amino acids with the negatively charged
deoxyribonucleic acid (De Boer e al., 1997). Similar situ-
ation may also concern the P-113 peptide which con-
tains lysine residues. Details concerning the interaction
of P-113 with DNA have not been, however, fully ex-
plained (Huang ¢/ a/., 2011). The above reports may lead
in the future to the construction of high-molecular-mass
compounds based on peptides derived from lactoferrin
and histatin 5. They could be used in caries prevention.

Histatin plays a significant role in tooth enamel pro-
tection, therefore decomposition of this protein is an un-
favorable phenomenon. The influence of histatin 1 bind-
ing with teeth hydroxyapatite on its proteolytic degrada-
tion was examined in a study by Goldberg ef a/. (2011).
The enzymes decomposing histatin 1 may be derived
from pathogenic bacteria present in the oral cavity, main-
Iy Porphyromonas gingivalis and Bacteroides forsythus. An abil-
ity of human serine proteases to degrade histatin 1 has
also been demonstrated. The C-terminal part of histatin,
rich in arginines and lysines, is the most likely to under-
go proteolysis. Histatins, both unbound and attached to
hydroxyapatite, demonstrate a similar degradation pattern
forming eight fragments, including one responsible for
stimulation of wound healing. The presence of the pep-
tide enhancing reconstruction of damaged tissue may be
of significant importance in the treatment of periodon-
tium diseases. Although histatin can be degraded both in
the free and bound form, the proteolysis of the protein
connected to hydroxyapatite is five-fold slower. This is
probably due to a decreased accessability of proteolytic
enzymes to the bound histatins (Goldberg ez al, 2011).
The results of the above studies may be a basis for the
synthesis of molecules to be used in the therapy of car-
ies and periodontium diseases.

A next group of proteins playing an important role in
maintaining gum health are defensins. Ackermann e# al.
(2010) examined the ability of human o- and B-defensins
to inhibit the pro-inflammatory cytokines of synthesis
and to increase production of class IgG antibodies as
a response to infection with Porphyromonas gingivalis. For
this purpose, an experiment on mice was conducted,
in which the mice were given recombined adhesins de-
rived from that bacteria: hemagglutinin B and fibrillin.
It was demonstrated that Porphyromonas gingivalis antigens
mediated by lymphocytes Th17 stimulate the synthe-
sis of pro-inflammatory cytokine IL-6 and chemokines.
The response of the immunological system was lower
in the presence of human «- and {-defensins (Acker-
mann e al., 2010). Thanks to the proximity of the site
of B-defensins’synthesis to the area of bacteria activity,
the peptides could bind the recombined bacterial adhes-

ins before their presentation by the cells of the immu-
nological system. Formation of the protein-antigen com-
plex probably proceeds via clectrostatic interactions. The
B-defensin binding with the bacterial antigen changes its
conformation which disturb signalization inside dendritic
cells of bone marrow and decreases the concentration of
pro-inflammatory cytokines (Belanger ez a/, 2008). The
result of the study suggests the possibility of application
of defensins for combating infections caused by P. ging/-
valis.

The contribution of P. gingivalis bacteria in the induc-
tion of changes in periodontal tissues is the subject of
research of Jan Potempa and his team. Their study is
focused on the role of gingipains, enzymes produced
by P. gingivalis, in the pathogenesis of periodontium dis-
eases. Gingipains are cysteine, serine proteases preferen-
tially cleaving peptide bounds following cysteines, serines
or arginines. Those researchers have demonstrated that
cysteine proteases can stimulate apoptosis of gum epithe-
lial cells which leads to the destruction of periodontium
tissues (Benakanakere ef a/., 2009). Gingipains induce cell
death by disturbing the interaction of adhesive molecules
connecting epithelial cells of the gum with proteins of
the extracellular matrix (Guo et al, 2010). As a response
to the colonization of teeth by bacteria, serine proteases
are released from granulations of neutrophil granulo-
cytes: elastase and protease 3, which not only destroy the
microorganisms responsible for the tooth decay, but also
induce the inflammatory state and damage the periodon-
tium tissues. Limitation of these processes is ensured by
the presence of leukocyte protease inhibitor elafin which
inhibits the neutrophil elastase and protease 3. It’s syn-
thesis is induced in inflamed epithelial cells. C-terminal
fragment of this protein contains four disulphide bridg-
es and is the site of serine protease binding, being re-
sponsible concurrently for their deactivation (Hirose ef
al., 1999). The N-terminal domain of elafin is bound to
extracellular matrix. Besides inhibiting serine proteases,
elafin also demonstrates an antimicrobial activity by in-
teracting electrostatically with bacterial LPS (Alam e 4/,
2012). It was demonstrated that gingipains released by P.
gingivalis inactivate the inhibitors of elastase and protease
3, which creates conditions for the development of peri-
odontium inflammatory state (Eick ez al, 2012).

Beta defensins also contribute to changes occurring in
periodontal tissues. An increase in prostaglandin E, level
is observed in periodontium diseases due to inflamma-
tory state formation. Chotjumlong e# 4/ (2010) demon-
strated that B-defensin-3 present in guts epithelial cells
may interact in a paracrine manner with the fibroblast
layer below them. An increase in prostaglandin E, level
is then observed. It was noted that its induction is medi-
ated by cyclooxygenase-2. B-defensin-3 probably also in-
fluences the expression of phospholipase A2 taking part
in arachidonic acid metabolism. These results confirm
the considerable role of B-defensins in formation of in-
flammatory state in periodontium diseases.

Another disease of the oral cavity in which saliva pro-
teins may find application therapeutics is mycosis caused
by Candida albicans. Protective action of histatin 5 in oral
cavity colonization by yeast-like fungi was the subject of
a study by Fidel ¢z a/ (2010). Mouse tongue was used as
a research model because of the similarity of processes
occurring in their mocous membrane with those in the
human oral cavity. It was observed that an increase in
histatin 5 concentration is accompanied by a decrease
in the density of C. albicans colonies. Numerous C. al-
bicans colonies may, however, lead to histatin 5 degrada-
tion, which was demonstrated by inhibiting the histatin
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Table 1. The changes of selected salivary proteins in physiology/pathology.

Physiology/pathology Protein Level Literature

Physical exercise a, B-defensins T Fujimoto et al. (2011)
LL-37 1 Aligrove et al. (2009)
HNP 1-3 T

Preterm infants SPRR T Boi et al. (2011)
S100 T

Infants Cystatins 1

Diet rich in tannins PRP T Ann et al. (1997)

Maturation PRP 1 Garcia-Godoy & Hicks (2008)

3-5 years old His-1 T Boi et al. (2009)

Smoking IL-8 T Eksomtramate et al. (2009)
[-defensins | Mahanonda et al. (2007)

Diabetes type 1 His-5 A Baehni et al. (2001)
a-defensine 1, 2, 4 T
S100A9 1 Akamatsu et al. (2009)
PC 1
His 1-3 | Cabras et al. (2010)
Staterins |
PB l

Hyper-IgE syndrome IgE T Baker et al. (2011)
B-defensin-2 |
His-1 l

Sjégren’s syndrome B-defensin-2 N Gunduz et al. (2009)
B-defensin-1 |

Caries Staterins l Belanger et al. (2008)
His-1 | Goldberg et al. (2011)
PRP-1 1 Huang et al. (2011)
PRP-3 T Dietrich et al. (2009)
His-5 l Bal et al. (2011)
IL-6 T
Chemokines T Chotjumlong et al. (2010)
PGE, T Harriott et al. (2008)

bactericidal activity. In addition, it was proved that the
antifungal activity of histatin is considerable and reaches
maximum only after 30 minutes (Fidel e# a/, 2010). Due
to the ability of histatins to protect against the patho-
genic C. albicans activity, and a lack of a toxic impact on
host cells, these proteins may become a therapeutic used
in prevention and treatment of oral cavity candidiasis.
B-defensins also demonstrate an antifungal activity.
Their derivatives containing the C-terminal fragment of
the parent peptide, such as Phdl, Phd2 and Phd3, have
similar properties. Krishnakumari ez a/ (2009) demon-
strated that the minimum fungicidal concentration was
lower for $-defensins, which suggests about their higher
activity towards C. albicans. Derivatives of (-defensins
demonstrated in turn higher fungicidal abilities in the
presence of various concentrations of NaCl, CaCl, or
MgCl,. Metabolic inhibitors that limit ATP accessibil-
ity did not negatively affect the antifungal properties of
Phdl, Phd2 and Phd3, but considerably decreased the
activity of B-defensins. These results suggest that the

mechanism of C. albicans combating by of B-defensin
derivatives are not ATP-dependent. It was noted that
B-defensins and their analogues containing the C-termi-
nal fragment lead to permeabilization of C. albicans cell
membrane. The highest activity in permeabilization was
demonstrated with B-defensin-3 and its derivative Phd3
(Krishnakumari e# al, 2009). Thus, the C-terminal frag-
ments of B-defensins may be a relatively safe and effec-
tive approach to the therapy of oral cavity candidiasis in
the future.

Some oral cavity peptides demonstrating antibacte-
rial activity may be a therapeutic mean only after their
modification. The antibacterial activity of a derivative of
HNP-1 peptide belonging to a-defensin family was de-
termined in a study by Harriott ez 2/ (2008). The factor
limiting the HNP-1 application in infection therapy is the
presence of three disulphide bridges responsible for the
antibacterial properties and formation of a suitable spa-
tial structure. However, such a conformation cannot be
obtained by chemical synthesis (Antonyraj e al, 2000).
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Bactericidal properties are also attributed to the C-termi-
nal fragment of that protein, which was also the basis
of obtaining HNP-1 analogues without bonds between
cysteine residues. The widest spectrum of antibacterial
activity was observed for a peptide named 2Abz>8%,
which was effective towards Escherichia coli, Staphylococcus
anrens, Enterococens faecalis and Streptococcus mutans strains.
A slightly stronger activity towards the latter bacteria was
demonstrated by another peptide — 2Abz'¥S?. The an-
tibacterial activity of that derivative may result from its
chemical modification consisting in the substitution of
glycine in position 23 by a 2-aminobenzoyl derivative.
Moreover, the bactericidal properties of HNP-1 deriva-
tives are connected with their cationic character. The
isoelectric points of the HNP-1 analogues and of the
parent peptide were higher for the derivatives showing
antibacterial properties than for those without bacteri-
cidal activity. These data suggest that a higher positive
charge increases the antibacterial activity of HNP-1 de-
rivatives (Harriott ez al, 2008). Due to their demonstrat-
ed antibacterial properties, HNP-1 derivatives without
disulphide bridges may be a starting point for the syn-
thesis of peptides applicable in the therapy of oral cavity
infections.

Salivary proteins also contribute to changes in the oral
cavity involving the sensation of tanginess resulting from
consumption of various foods. This is a result of the
peptides binding the polyphenols contained in the food.
Glycosylated PRPs are, to a high degree, responsible for
the feeling of the dryness in mouth after consumption of
food rich in tannins. PRPs play a role of moistening fac-
tors decreasing the friction in the oral cavity. Their bind-
ing with polyphenols and further precipitation lead to a
loss of these protective properties which stimulates tang-
iness. Cabane e/ /. (2008) demonstrated that glycosylated
PRPs interact with tannins which leads to the formation
of precipitating complexes. The aggregation was stronger
in the case of more polymerized polyphenols. Flavan-
3-ol polymers are present, e.g., in dry red wine, and thus
its consumption induces stronger feeling of dryness in
the oral cavity when compared to other foods contain-
ing non-polymerized polyphenols. The results obtained
were compared with the precipitation degree of non-
glycosylated PRP. The aggregation was stronger in that
case and led to phase separation. It is thus suggested
that glycosylation may limit precipitation of protein-poly-
phenol complexes (Cabane ef al., 2008). In turn, Freitas
et al. (2012) it was demonstrated that after binding with
polyphenols, statherins and acidic PRP were the first to
precipitate. Glycosylated PRP precipitated next, while ba-
sic PRP required an application of considerable concen-
trations of tannins. These results prove a high affinity of
acidic PRP and statherins to polyphenols. In addition, it
was demonstrated that protein aggregation is higher in
acidic saliva which does not contain amylase and mucins.
This proves a role of these proteins in inhibition of pre-
cipitation (Freitas ef al., 2012).

In addition to polyphenols binding, salivary proteins
may also form complexes with metal ions. Dietrich
et al. (2009) demonstrated that PRPs are able to bind
Cu?* ions by electrostatic interaction with the negatively
charged residues of asparagine and glutamate. The cop-
per ion binding may induce the feeling of dryness in the
mouth. The mechanism is similar to that describe ecar-
lier for the PRP interaction with polyphenols, since in
both cases precipitation of PRP proteins occurs, which
decreases the saliva viscosity. It was demonstrated that
other low-molecular-mass proteins such as mucins and
amylase can also bind copper ions (Dietrich ez al., 2009).

An ability of histatin 5 and its two analogues to bind
nickel (II) ions was assessed by Bal ez @/ (2011). This
element is a strong allergen present in food and drinks
and until recently in orthodontic braces. It may cause an
allergic reaction in the sensitized. The main nickel-bind-
ing protein is albumin present in the serum and body
fluids. Tt was noted, however, that Ni** attachment to
that protein is five-fold weaker than to histatin 5. It was
demonstrated that nickel binding to histatin molecule in-
volves its N-terminal fragment (Bal ez 4/, 2011). Histatin
5 is thus a significant factor determining nickel toxicity
and its allergen activity.

Salivary proteins, due to the wide spectrum of their
antimicrobial activity, play a considerable role in ensur-
ing the proper functioning of the human organism. As
presented in this paper, selected salivary proteins and
their derivatives exert many important functions in the
organism under normal physiological conditions. Moreo-
ver, many of these compounds may be used as markers
for identification of specific pathological states (Table 1).
In future, peptides isolated from the oral cavity may be-
come a valuable tool in the diagnostics and therapy of
numerous pathological processes.
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