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Abstract

This study detected changes in the protein profile of the ac-
quired enamel pellicle (AEP) formed in vivo after rinsing with
whole milk, fat-free milk, or water. Nine subjects in good oral
condition took part in the study. The acquired pellicle was
formed in the morning, for 120 min, after prophylaxis with
pumice. Following this, the volunteers rinsed with 10 mL of
whole milk, fat-free milk, or deionized water for 30 s, follow-
ing a blinded crossover protocol. After 60 min, the pellicle
was collected with filter paper soaked in 3% citric acid and
processed for analysis by liquid chromatography-electro-
spray ionization tandem mass spectrometry. The obtained
tandem mass spectrometry spectra were searched against a
human protein database (Swiss-Prot). The proteomic data
related to protein quantification were analysed using the
PLGS software. A total of 260 proteins were successfully
identified in the AEP samples collected from all groups. For-
ty-nine were common to all 3 groups, while 72, 62, and 49
were specific to the groups rinsing with whole milk, fat-free
milk, and water, respectively. Some were typical compo-

nents of the AEP, such as cystatin-B, cystatin-SN, isoforms of
a-amylase, IgA and IgG, lysozyme C, protein S100 A78,
histatin-1, proline-rich protein 27, statherin, and lactotrans-
ferrin. Other proteins are not commonly described as part of
the AEP but could act in defence of the organism against
pathogens. Distinct proteomic profiles were found in the
AEP after rinsing with whole or fat-free milk, which could
have an impact on bacterial adhesion and tooth dissolution.
The use of fat-free milk could favourably modulate the adhe-
sion of bacteria to the AEP as well as biofilm formation when

compared with whole milk. ©2018 S. Karger AG, Basel

The acquired enamel pellicle (AEP) is a thin acellular
film formed on the tooth’s surface by selective adsorption
of proteins. These adsorbed proteins originate mainly
from the salivary glands, but also from microorganisms,
the oral mucosa, and the gingival crevicular fluid [Siquei-
ra et al., 2012]. Typical proteins already identified in the
AEP include IgA, acidic proline-rich protein (PRP), cys-
tatin, mucin, lactoferrin, amylase, and lysozyme [Lenden-
mann et al., 2000]. The AEP acts as a semipermeable bar-
rier, participates in bacterial adhesion, and controls the
dynamic mineral dissolution and precipitation processes
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[Hannig et al., 2004; Hara et al., 2006; Buzalaf et al., 2012;
Vukosavljevic et al., 2014].

The colonization of bacteria begins through recogni-
tion of components from the AEP [Kolenbrander and
London, 1993]. Streptococci and Actinomyces spp. are
known to be early colonizers involved with the progres-
sion of dental plaque formation, and it is essential to de-
termine if the type of microbiological succession will re-
sult in a healthy or an unhealthy plaque environment [Li
et al., 2004]. Some proteins described in the AEP can in-
teract with bacteria, e.g., Streptococcus gordonii recogniz-
es receptors from acidic PRP [Gibbons et al., 1991] and
amylase [Scannapieco et al., 1989]; Actinomyces naeslun-
dii binds to PRPs [Gibbons et al., 1988] and statherin
[Scannapieco et al., 1989]; and Fusobacterium nucleatum
binds to statherin [Scannapieco et al., 1989]. This clearly
shows that the molecular composition and physicochem-
ical properties of the pellicle determine the type of micro-
bial colonization [Cheaib et al., 2015]. In this sense, it has
been shown that dietary proteins such as casein influence
the composition of the AEP, altering its physiological
role, which could modify the ecological succession of the
biofilm [Cheaib et al., 2015], which in turn might increase
or decrease susceptibility to caries.

Bovine milk has important anticariogenic and cario-
static effects [Bowen et al., 1991; Warner et al., 2001].
These effects are attributed to the high buffer capacity,
high concentrations of calcium and phosphate, and the
presence of some proteins (such as a- and k-casein),
which reduce the adhesion of S. mutans and the activity
of glucosyltransferase [Vacca-Smith and Bowen, 1998].
Also, the phosphopeptides released during casein prote-
olysis are likely to be involved in the prevention of enam-
el demineralization [Reynolds et al., 1999]. An in situ
study observed the effect of k-casein from bovine milk on
the formation of the acquired pellicle at different times
(30s,aswellas 1, 5, 10, and 20 min), showing that the film
formed in the presence of milk compared to a control
(water) exhibited a larger amount of proteins. In addi-
tion, some of these proteins had a different molecular
weight when compared to the pellicle collected from the
control group, having a different protein profile in the
presence of bovine milk. The results in the presence of
K-casein also showed a different protein profile, but the
amount of protein was constant all the time. These results
indicate that the consumption of milk can alter the com-
position of the AEP [Vacca-Smith and Bowen, 2000].

Another possible mechanism of action of milk against
tooth demineralization is the interaction between the lip-
ids present in milk and the AEP [Vukosavljevic et al.,
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2014], since lipids represent 25% of its dry weight [Slo-
miany et al., 1986]. Thus, it can be hypothesized that a
lipid-enriched AEP would be more resistant in the event
of exposure to acids, reducing the erosive wear [Kensche
etal., 2013], as has been reported to occur for caries [Slo-
miany et al., 1986]. However, there is some controversy
in the literature in this regard, since safflower oil has been
shown to reduce the protective ability of the AEP against
erosive demineralization in situ [Hannig et al., 2012]. It
has also been shown that rinsing with whole milk before
an erosive challenge significantly reduced erosive tooth
loss, suggesting the formation of a protective layer on the
tooth’s surface [Magalhaes et al., 2014]. It is possible that,
in the clinical situation, exposure to whole milk could
change the fat content and/or the protein profile of the
AEP.

The present study took advantage of proteomic analy-
sis to evaluate changes in the protein profile of the AEP
formed after rinsing with whole milk compared with fat-
free milk and deionized water. The null hypothesis tested
was that rinsing with milk, regardless of its fat content,
does not alter the protein composition of the AEP.

Subjects and Methods

Ethical Aspects and Subjects

Nine adult subjects took part in this study, which was approved
by the Institutional Review Board of the Bauru School of Dentistry,
University of Sao Paulo (CAAE 50695915.800005417). The sample
size was based on studies recently conducted by our group, with a
similar research protocol [Delecrode et al., 2015; Ventura et al.,
2017]. Only volunteers who had good oral health (presenting full
permanent dentition and no open cavities or deficient restora-
tions), a stimulated salivary flow >1 mL/min, an unstimulated sal-
ivary flow >0.3 mL/min, a salivary pH >6, and good systemic health
and who were not using medicines that could alter the salivary
composition or flow rate were eligible to participate. The subjects
signed an informed consent document prior to the beginning of
the study.

In vivo Experiment

During the in vivo experiment, the volunteers were instructed
not to eat or drink any type of food. The experiment began in the
morning to avoid circadian effects on the composition of the pel-
licle [Zimmerman et al., 2013]. The volunteers were submitted to
dental prophylaxis, employing coarse pumice containing no addi-
tives, and the AEP was allowed to form for 2 h. After that, the vol-
unteers rinsed with 10 mL of whole milk, fat-free milk, or deion-
ized water for 30 s [Vacca-Smith and Bowen, 2000], following a
crossover protocol, being instructed to spit out the milk and not to
rinse their mouth or eat or drink anything prior to AEP collection.
After 1 h, the AEP was collected from the labial surface of the teeth.
The teeth from each quadrant were isolated with cotton rolls,
washed with water, and dried by air. For the collection of AEP ma-
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terial, a 5 x 10 mm electrode filter paper (Electrode Wick; Bio-Rad,
Hercules, CA, USA) pre-soaked in 3% citric acid was used [Siquei-
ra et al., 2007]. The filter paper was rubbed (without pressure) on
the labial surface of the teeth with the aid of tweezers. The filter
paper was used to swipe the coronal two-thirds of the labial sur-
faces, spanning from the central incisor to the second molar. In
each quadrant, a separate collection filter paper was used for AEP
collection. A total of 4 collection strips from each participant were
placed in a polypropylene microcentrifuge tube and kept frozen at
-80°C until used for proteomic analysis. This procedure was done
in duplicate for each treatment to provide enough samples to be
submitted to proteomic analysis.

Proteomic Analysis

Preparation of the AEP Samples

The microcentrifuge tubes containing the filter papers were re-
moved from the -80°C freezer. After defrosting, the papers were
cut into small pieces with the aid of sterile scissors and tweezers.
These small pieces from all volunteers were put together in a mi-
crocentrifuge tube, constituting a pool for each treatment (whole
milk, fat-free milk, or water). The samples were pooled in order to
obtain enough samples for analysis, as has been done in previous
studies [Lee et al., 2013; Delecrode et al., 2015a; Ventura et al.,
2017; de Souza-e-Silva et al., 2017].

Preparation of the AEP samples for proteomic analysis was
done as previously reported [Ventura et al., 2017]. The papers were
covered with a solution prepared with 6 M urea and 2 M thiourea
in 50 mM AmBic (ammonium bicarbonate). The filter papers were
then centrifuged at 14,000 g for 10 min at 4°C. The supernatant
was separated from the precipitate and stored in another micro-
centrifuge tube. This procedure was conducted twice. Subsequent-
ly, the filter papers were transferred to plastic centrifuge tube filters
(Corning Costar Spin-X; Sigma-Aldrich) and were centrifuged at
14,000 g for 10 min at 4°C. The supernatant was collected and put
together with the supernatants collected before. All the superna-
tants collected were transferred to a 15-mL Falcon tube and 1.5 x
V of 50 mM AmBic was added (i.e., for 300 pL of sample, 450 pL of
AmBic was added). The samples were then transferred to Falcon
tubes containing a column for sample concentration (Amicon Ul-
tra centrifugal filter units 10 kDa; Millipore), and centrifuged at
5,000 g at 25°C until the volume was reduced to 100-200 pL. The
sample was then transferred to a new microcentrifuge tube, and a
solution containing 100 mM dithiothreitol was added and allowed
to rest for 40 min at 37°C, followed by the addition of 300 mM of
iodoacetamide, being incubated for 30 min at room temperature
in the dark. After incubation, 100 uL of 50 mM AmBic and 10 pL
of trypsin 2% (w/w) were added to the sample and incubated for
14hat37°C.

After digestion by trypsin, 10 pL of blocking solution (0.1% tri-
fluoroacetic acid) was added. The samples were desalted and puri-
fied using C-18 spin columns (Thermo Fisher Scientific); then they
were dried in a rotary evaporator and resuspended in 10 pL of 50
mM AmBic to allow protein quantification by the Bradford meth-
od (Bio-Rad Bradford Assays®). Using this method, it was possible
to obtain 80.19, 65.23, and 73.32 pg of protein for whole milk, fat-
free milk, and water, respectively.

Finally, the samples were dried in a rotary evaporator, resus-
pended in 3% acetonitrile with 0.1% formic acid, and centrifuged
at 14,000 g for 10 min at 25°C, and the supernatant was analysed
by mass spectrometry (MS).
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Shotgun Proteomic Analysis

Peptide identification was performed on a nanoACQUITY
UPLC-Xevo QTof MS system (Waters, Manchester, UK). The
nanoACQUITY UPLC was equipped with a nanoACQUITY HSS
T3 analytical reverse-phase column (75 pm x 150 mm, 1.8 um par-
ticle size; Waters). The column was equilibrated with mobile phase
A (0.1% formic acid in water). Then, the peptides were separated
with a linear gradient of 7-85% mobile phase B (0.1% formic acid
in acetonitrile) for 70 min at a flow rate of 0.35 pL/min. The col-
umn temperature was maintained at 55°C. The Xevo G2 Q-TOF
mass spectrometer was operated in positive nanoelectrospray ion
mode, and data were collected using the MSE method in elevated
energy (19-45 V), which allows data acquisition of both precursor
and fragment jons in a single injection. The source conditions used
included: capillary voltage, 2.5 kV; sample cone, 30 V; extraction
cone, 5.0 V; and source temperature, 80°C. Data acquisition oc-
curred over 70 min, and the scan range was 50-2,000 Da. The
LockSpray, used to ensure accuracy and reproducibility, was run
with a [Glul]fibrinopeptide solution (1 pmol/uL) at a flow rate of
1 pL/min, as a reference ion in positive mode at m/z 785.8427.
PLGS (ProteinLynx Global Server) version 3.0 was used to process
and search the continuum LC-MSE data. Proteins were identified
with the ion accounting algorithm embedded in the software and
asearch of the Homo sapiens database (reviewed only; UniProtKB/
Swiss-Prot) downloaded in June 2015 from UniProtKB (http://
www.uniprot.org/). The identified proteins were classified and as-
signed by biological function [Rison et al., 2000; Zimmerman et al.,
2013], origin, and molecular interaction (http://www.uniprot.
org/).

For alabel-free quantitative proteome, 3 MS raw files from each
pooled group were analysed using the PLGS software (version
2.2.5; Waters). All proteins identified with scores with a confidence
>95% were included in the quantitative analysis. Identical peptides
from each triplicate by sample were grouped based on mass accu-
racy (<10 ppm) and time of retention (tolerance <0.25 min), using
the clustering software embedded in the PLGS software. Signifi-
cant differences in expression between the groups are expressed as
p < 0.05 for downregulated proteins and 1 - p > 0.95 for upregu-
lated proteins. The following relevant comparisons were made:
whole milk versus fat-free milk, whole milk versus water, and fat-
free milk versus water.

Results

A total of 260 proteins were successfully identified in the
AEP samples collected after rinsing with whole milk, fat-
free milk, or water. These proteins were classified accord-
ing to their biological function, origin, and molecular in-
teraction (see online suppl. Table S1; for all online suppl.
material, see www.karger.com/doi/10.1159/000485390). It
is important to highlight that all these proteins originate
from humans, since the Homo sapiens database was used.
Thus, neither milk proteins nor bacterial ones were identi-
fied in the present study. Of these, 49 were common to all
3 groups (see online suppl. Table S1; Fig. 1). Among the
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Fig. 1. Venn diagram with the numbers of exclusive proteins in
each group and the proteins common to 2 or 3 groups.

proteins found in all the groups were some typical com-
ponents of the AEP, such as cystatin-B, cystatin-SN, iso-
forms of a-amylase, IgA and IgG, lysozyme C, protein
S100 A78, submaxillary gland androgen-regulated pro-
tein 3B, histatin-1, proline-rich protein 27, statherin, and
lactotransferrin. In addition, some proteins with antimi-
crobial properties, not commonly described as part of the
AEP, were also common to all 3 groups, such as myelo-
blastin, myeloperoxidase, and isoforms of neutrophil
defensins.

Eight proteins were common to the AEP after rinsing
with whole milk and with fat-free milk. They are histone
H4, heat shock protein beta 1, keratin type I cytoskeletal
13, peroxisomal 2,4-dienoyl-CoA reductase, and 4 iso-
forms of Ig heavy chain V-III. Three proteins were com-
mon to the AEP after rinsing with whole milk and with
water (azurocidin, cystatin-S, and uncharacterized protein
KIAA1109), while another 17 were common after rinsing
with fat-free milk and with water. These were 4 isoforms of
enolase, 2 isoforms of apolipoprotein A, and proteins as-
sociated with iron-binding, i.e., 4 subunits of haemoglobin
and LVV-hemorphin 7, 2 isoforms of IgM, and proteins
associated with defence, i.e., neutrophil gelatinase-associ-

Proteomics of the Acquired Enamel
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Table 1. Classification and relative quantification of proteins iden-
tified in the acquired enamel pellicle collected after rinsing with
whole milk (WM) and water (W)

Accession  Protein name WM/W  p
No. ratio

Q562R1 Beta-actin-like protein 2 2.61 1.00
P04259 Keratin, type II cytoskeletal 6B 1.55 0.96
P05109 Protein S100 A8 1.46 1.00
P05164 Myeloperoxidase 1.36 1.00
P02808 Statherin 1.26 1.00
P63261 Actin, cytoplasmic2 0.90 0.02
P01876 Ig alpha-1 chain C region 0.74 0.00
P01877 Ig alpha-2 chain C region 0.72 0.00
P24158 Myeloblastin 0.69 0.02
QI9BYX7  Putative beta-actin-like protein 3  0.66 0.00
P02814 Submaxillary gland androgen- 0.54 0.00

regulated protein 3B

P15515 Histatin-1 0.47 0.00
Q6MZM9  Proline-rich protein 27 0.40 0.00
P61626 Lysozyme C 0.35 0.00

ated lipocalin, peptidoglycan recognition protein, prolac-
tin-inducible protein, and zymogen granule protein 16 ho-
molog B (which binds carbohydrates) (Fig. 1).

After rinsing with whole milk, fat-free milk, and water,
72, 62, and 49 exclusive proteins were identified, respec-
tively (see online suppl. Table S1; Fig. 1). Among the pro-
teins found exclusively in the group rinsing with whole
milk were eosinophil peroxidase, large proline-rich pro-
tein BAG6, and tuftelin. Among the proteins identified
exclusively in the group rinsing with fat-free milk that
should be highlighted were basic salivary proline-rich
protein and matrix metalloproteinase-28. As for the
group rinsing with water, the exclusive proteins with
greater relevance were Ig kappa chain C region and Ig
kappa chain V-III region WOL.

Regarding the proteins with differing expression be-
tween the groups, in the comparison whole milk versus
water (Table 1), 5 proteins were increased and 9 decreased
in the group rinsing with whole milk. Among the in-
creased proteins were protein S100 A8, myeloperoxidase,
and statherin. Proteins with antimicrobial functions in
the AEP, such as histatin-1, lysozyme C, and different iso-
forms of IgA, were reduced when the pellicle was treated
with whole milk. Two PRPs — namely, submaxillary gland
androgen-regulated protein 3B (proline-rich protein 3)
and proline-rich protein 27 — were also reduced when the
pellicle was treated with whole milk in comparison with
water.
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Table 2. Classification and relative quantification of proteins iden-
tified in the acquired enamel pellicle collected after rinsing with
fat-free milk (FM) and water (W)

Table 3. Classification and relative quantification of the proteins
identified in the acquired enamel pellicle collected after rinsing
with whole milk (WM) and fat-free milk (FM)

Accession Protein name FM/W  p Accession  Protein name WM/FEM  p
No. ratio No. ratio
P59665 Neutrophil defensin 1 4.22 1.00 J3KT65 Actin, cytoplasmic 2, N-terminally 1.35 0.97
Q562R1 Beta-actin-like protein 2 3.49 1.00 processed
P69905 Haemoglobin subunit alpha 2.72 0.99 POCG38  POTE ankyrin domain family 1.32 1.00
P59666 Neutrophil defensin 3 2.59 1.00 member I
P02768 Serum albumin 2.23 1.00 P05164 Myeloperoxidase 1.17 0.97
P69891 Haemoglobin subunit gamma-1 2.12 1.00 P02808 Statherin 1.11 0.98
P68871 Haemoglobin subunit beta 2.08 1.00 P02814 Submaxillary gland androgen- 0.81 0.00
P02042 Haemoglobin subunit delta 2.08 1.00 regulated protein 3B
P02100 Haemoglobin subunit epsilon ~ 2.05 1.00 P02788 Lactotransferrin 0.79 0.00
F8W6P5 LVV-hemorphin-7 (fragment)  2.05 1.00 Q562R1 Beta-actin-like protein 2 0.75 0.01
P69892 Haemoglobin subunit gamma-2 2.03 0.99 Q9BYX7  Putative beta-actin-like protein 3 0.74 0.00
C9JKR2 Albumin, isoform CRA_k 1.55 1.00 P01860 Ig gamma-3 chain C region 0.64 0.04
P05109 Protein S100 A8 1.55 1.00 CI9JKR2 Albumin, isoform CRA_k 0.64 0.00
Q8IUK?7 ALB protein 1.54 1.00 Q8IUK?7 ALB protein 0.64 0.00
P01859 Ig gamma-2 chain C region 1.51 1.00 P01859 Ig gamma-2 chain C region 0.63 0.04
P01861 Ig gamma-4 chain C region 1.49 0.98 Q6MZMY9  Proline-rich protein 27 0.61 0.01
P01860 Ig gamma-3 chain C region 1.46 0.97 P02768 Serum albumin 0.56 0.00
P02788 Lactotransferrin 1.39 1.00 P69892 Haemoglobin subunit gamma-2  0.53 0.03
P02808 Statherin 1.14 0.99 P15515 Histatin-1 0.51 0.00
P60709 Actin, cytoplasmic 1 0.87 0.00 P59666 Neutrophil defensin 3 0.46 0.00
P63261 Actin, cytoplasmic 2 0.87 0.00 QINUI1  Peroxisomal 2,4-dienoyl-CoA 0.46 0.01
P01876 Ig alpha-1 chain C region 0.83 0.01 reductase
P01877 Ig alpha-2 chain C region 0.82 0.00 P03973 Antileukoproteinase 0.45 0.00
P19961 Alpha-amylase 2B 0.81 0.03 P59665 Neutrophil defensin 1 0.29 0.00
P04745 Alpha-amylase 1 0.80 0.02 P61626 Lysozyme C 0.29 0.00
Q5T085 Alpha-amylase (fragment) 0.73 0.01
P02814 Submaxillary gland androgen-  0.66 0.00

regulated protein 3B
Q6MZM9 Proline-rich protein 27 0.66 0.00
P25311 Zinc-alpha-2-glycoprotein 0.63 0.04

When the group rinsing with fat-free milk was com-
pared to that rinsing with water (Table 2), 19 proteins
were increased, while 10 were decreased. Among the in-
creased proteins were statherin, protein S100 A8, iso-
forms of IgG, neutrophil defensins, subunits of haemo-
globin, LVV-hemorphin 7, and lactotransferrin. Other
antimicrobial proteins, however, were reduced when the
AEP was treated with fat-free milk, such as isoforms of
IgA. Different isoforms of amylase, proteins with diges-
tive function on carbohydrates, were also reduced upon
treatment with fat-free milk. In addition, the same PRPs
that were found to be reduced in the group rinsing with
whole milk (proline-rich protein 3 and proline-rich pro-
tein 27) were also reduced upon treatment with fat-free
milk when compared with water, albeit to a lower extent.
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As for the comparison whole milk versus fat-free
milk (Table 3), 4 proteins were significantly increased in
whole milk, such as actin cytoplasmic 2 N-terminally
processed, POTE ankyrin domain family member I,
statherin, and myeloperoxidase. Other proteins were
significantly reduced in the group rinsing with whole
milk when compared with fat-free milk. Among them
were Ig gamma-2 chain C region, Ig gamma-3 chain C
region, histatin-1, neutrophil defensin 1, neutrophil de-
fensin 3, lysozyme C, peroxisomal 2,4-dienoyl-CoA re-
ductase, and PRPs.

Discussion

The study’s null hypothesis was rejected, since pro-
nounced changes occurred in the proteomic profile of the
AEP after rinsing with whole milk, fat-free milk, or deion-
ized water.
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The total number of proteins identified was greater
than previously reported in other in vivo studies [Siquei-
ra et al., 2007; Zimmerman et al., 2013; Delecrode et al.,
2015a], which might be due to the protocol employed to
extract the proteins as well as to the rinses with milk that
might have allowed different proteins to adsorb on the
AEP. In order to have enough samples for analysis, we
pooled the AEP samples collected from the 9 volunteers
in each group. This procedure has been used in all the
studies involving quantitative proteomic analysis of the
AEP, since the tiny amount of protein that can be ob-
tained from a single volunteer precludes individual anal-
ysis of the AEP [Lee et al,, 2013; Delecrode et al., 2015a;
de Souza-e-Silva et al., 2017; Ventura et al., 2017]. A re-
cent study conducted in situ where the acquired pellicle
was formed on dental ceramic specimens that allowed ob-
taining enough material for individual analysis revealed
significant differences in protein amount between sub-
jects, but high interday consistency, indicating unique,
individual pellicle profiles [Delius et al., 2017]. Consider-
ing that our study had a crossover design, we can assume
that the differences observed between the pooled samples
were due to the treatments, since the same profile could
be expected for each individual on all the days of pellicle
collection. Moreover, for each group, the pooled samples
were analysed in triplicate. Furthermore, since only the
proteins identified in all 3 runs with scores with confi-
dence >95% were included in the comparative analysis,
the quantification by the MS procedure can be regarded
as accurate.

In the present study we employed an in vivo model,
which has the main advantage of allowing the natural for-
mation of the acquired pellicle over enamel. However, the
main limitation of the model is the tiny amount of protein
that can be recovered, as stated above, thus not allowing
individual analyses of the AEP. Moreover, collection of
the AEP formed in vivo is usually done rubbing filter pa-
pers embedded in solutions for disrupting protein inter-
actions. However, the possibility cannot be excluded that
this procedure does not remove the whole pellicle, espe-
cially the basal one. In the present study, following previ-
ous protocols [Siqueira et al., 2007], we employed a filter
paper embedded in a highly concentrated citric acid (3%),
which is expected to remove, if not all, nearly all the pro-
teins within the AEP. In fact, a pilot study (data not
shown) revealed that after a first collection of AEP pro-
teins using this procedure, a second collection does not
lead to additional removal (as evaluated by protein analy-
sis using the Bradford method), corroborating our hy-
pothesis. However, it would be interesting to evaluate the
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degree of removal of AEP proteins by this collection
method using other techniques, such as transmission
electron microscopy. In situ protocols have also been em-
ployed in studies involving proteomic analysis of the ac-
quired pellicle. The in situ models are particularly useful
for some conditions that cannot be easily reproduced in
vivo, such as the acquired pellicle formed over dentine
specimens [Delecrode et al., 2015b]. Another advantage
of in situ models is that they allow the use of sonication
for pellicle collection, which makes total recovery of the
pellicle proteins easier [Delius et al., 2017].

Four isoforms of Ig heavy chain V-III were found both
in the whole milk and the fat-free milk group. Since milk
is rich in immunoglobulins, we cannot rule out the pos-
sibility that these heavy chains of Ig come from milk, even
though the Homo sapiens database was employed for
identifying the peptides derived from the action of tryp-
sin on the acquired pellicle proteins. In this case, it is pos-
sible that the peptides that originated from the action of
trypsin have the same amino acid sequence in humans
and bovines, since these immunoglobulins were identi-
fied only in the groups rinsing with milk, but not in the
group rinsing with water.

Most of the proteins identified exclusively in the group
rinsing with whole milk were intracellular proteins asso-
ciated with different functions in the organism, such as
metabolism, cell signalling, cell adhesion, cell division,
transport, and protein synthesis and degradation, and
they are not typically found in the AEP. Thus, their role
in the AEP cannot be anticipated. Eosinophil peroxidase,
one of the proteins found exclusively in the group rinsing
with whole milk, despite not being described as a compo-
nent of the AEP before might play a role in the defence
against microorganisms. Another protein exclusive to the
group rinsing with whole milk was large proline-rich pro-
tein BAG6, which plays a role in antigen presentation in
immune response. Tuftelin, involved in the mineraliza-
tion and structural organization of enamel, was also iden-
tified exclusively in the group rinsing with whole milk.
Although the exclusive proteins found in the whole milk
group are not typical components of the AEP, their pres-
ence might provide mechanical protection against acid
attacks on enamel. The clinical relevance of these findings
should be tested in future studies.

The proteins identified exclusively in the group rins-
ing with fat-free milk are also involved in metabolism,
biological processes, transport, information pathways,
and protein synthesis and degradation. Their role in the
AEP, however, is unknown so far. Another protein
uniquely identified in this group is basic salivary proline-
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rich protein, which is a major component of parotid and
submandibular saliva and strongly binds calcium, indi-
cating that it may be important in maintaining the con-
centration of ionic calcium in saliva [Bennick, 1982]. In-
terestingly, matrix metalloproteinase-28 was also found
in this group. This protein can degrade casein and also
plays a role in tissue homoeostasis and repair [UniProt
Consortium, 2017]. The exclusive proteins identified in
the group rinsing with water are mostly related to me-
tabolism, biological processes, and information path-
ways. Proteins with a role in immune defence and anti-
bacterial function were also found, like Ig kappa chain C
region, with a function of antigen binding, and Ig kappa
chain V-III region WOL, both playing an important role
in primary defence mechanisms. They have been shown
to be involved in early recognition of external invaders
such as bacteria and viruses [UniProt Consortium, 2017].

Considering the difference in expression between the
groups, in the comparison whole milk versus water (Ta-
ble 1), among the proteins increased in the first group,
statherin is regarded as a precursor protein in the AEP,
since it selectively adsorbs on apatite [Hay, 1973]. It is
important to maintain a state of supersaturation regard-
ing calcium and phosphate in the oral fluids [Helmer-
horst et al., 2010]. Besides, it is a determinant of initial
microbial colonization of the tooth surface, since it fa-
cilitates binding of Actinomyces viscosus [Clark et al.,
1984, 1986; Gibbons and Hay, 1988; Gibbons et al., 1988]
and F. nucleatum [Xie et al., 1991]. The increase in the
concentration of statherin in the AEP treated with whole
milk in comparison with fat-free milk, albeit significant,
was discrete (1.26-fold). The implication of these findings
must be investigated in the future. Protein S100, which
was more highly expressed in the whole milk group, is a
calcium- and zinc-binding protein that has been de-
scribed in the enamel pellicle [Masson et al., 2013], but its
role in this integument remains to be elucidated. While
myeloperoxidase was increased in the AEP treated with
whole milk, other classic proteins with antimicrobial
functions in the AEP, such as histatin-1, lysozyme C, and
different isoforms of IgA, were reduced when the pellicle
was treated with whole milk, as well as 2 PRPs. PRPs, to-
gether with mucins, statherin, and histatins, are pellicle
precursor proteins, since they have a high affinity to hy-
droxyapatite [Hay and Moreno, 1979; Jensen et al., 1992],
and possibly control erosion and caries by modulating
phosphate and calcium concentrations within the oral
cavity. They are able to inhibit the precipitation of calci-
um and phosphate at a neutral pH and to release these
ions after acidic attacks [Hay and Moreno, 1979]. In ad-

294 Caries Res 2018;52:288-296
DOI: 10.1159/000485390

dition, transglutaminase cross-links with PRPs, which re-
duces conformational changes, thus conferring resistance
to the AEP [Hannig et al., 2009]. Recently, PRPs in the
AEP were shown to be resistant to removal by citric and
lactic acids in the AEP [Delecrode et al., 2015a], which
reinforces their protective role against acidic dissolution.
Accordingly, PRPs are increased in saliva and the pellicle
of caries-free subjects [Vitorino et al., 2005, 2006]. These
results suggest that treatment of AEPs with whole milk
might decrease the level of these protective proteins. The
effect of this change in respect to the prevention of caries/
erosion should be further investigated.

For the comparison between the groups rinsing with
fat-free milk and water (Table 2), statherin and protein
$100 A8 were increased with both types of milk in com-
parison to water. This might be due to the ability of these
proteins to bind calcium [Jensen et al., 1992; Masson et
al., 2013]. Various proteins associated with host defence
were also increased in the group rinsing with fat-free
milk. Some of them are classically described as antimicro-
bial components of the AEP, such as isoforms of IgG
[Siqueira et al., 2007], while others, such as neutrophil
defensins, are potentially new antimicrobial players in the
AEP. These proteins have antibacterial, fungicidal, and
antiviral activities, possessing antimicrobial activities
against both gram-positive and -negative bacteria. They
kill microbes by permeabilizing their plasma membranes
[UniProt Consortium, 2017]. Iron-binding proteins,
such as different subunits of haemoglobin, LVV-hemor-
phin-7, and lactotransferrin, were also increased when
the AEP was treated with fat-free milk. The latter also
possess antimicrobial properties by sequestering free
iron, thus inhibiting microbial growth [UniProt Consor-
tium, 2017]. Isoforms of IgA were reduced upon treat-
ment with fat-free milk. This might be due to competition
with casein for interaction with proteins present on the
enamel surface. A previous study that evaluated in vitro
the adsorption of milk proteins on tooth enamel showed
that when the pH is neutral, caseins are the main proteins
present on the enamel surface after incubation with fat-
free milk [Devold et al., 2005].

Comparing whole milk and fat-free milk (Table 3), of
the proteins which were significantly increased after rins-
ing with whole milk, myeloperoxidase is included among
the typical proteins found in the AEP, but it is implicated
in the host defence system of polymorphonuclear leuko-
cytes, being responsible for microbicidal activity against
a wide range of microorganisms [UniProt Consortium,
2017]. Classic proteins associated with defence against
microorganisms in the AEP were significantly reduced in
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the group rinsing with whole milk when compared with
fat-free milk, such as Ig gamma-2 chain C region, Ig gam-
ma-3 chain C region, histatin-1, neutrophil defensin 1,
neutrophil defensin 3, and lysozyme C. Peroxisomal 2,4-
dienoyl-CoA reductase, an auxiliary enzyme of B-oxida-
tion that participates in the degradation of unsaturated
fatty enoyl-CoA esters, was also reduced upon treatment
with whole milk in comparison with fat-free milk. PRPs,
such as submaxillary gland androgen-regulated protein
3B (proline-rich protein 3) and proline-rich protein 27,
were also reduced when the pellicle was treated with
whole milk in comparison with fat-free milk. In fact,
treatment with milk, regardless of its fat content, reduced
these PRPs in comparison with water, even though the
reduction was less pronounced with fat-free milk.

The present findings suggest that treatment of the AEP
with fat-free milk might be more beneficial in terms of
antimicrobial properties and biofilm formation as com-
pared to whole milk, a conclusion which should be con-
firmed in further studies. However, more information
about the fat content and thickness of the AEP treated
with different types of milk is needed, since these vari-
ables can also play an important role in the protective ef-

fect. Further studies testing the protective effect of the
AEP treated with whole and fat-free milk against demin-
eralization (caries/erosion) should be conducted, to con-
firm the clinical relevance of these findings.
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