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RESUMO

A pelicula adquirida é um filme proteico resultante da adsorgdo seletiva de
proteinas presentes na saliva total a superficie dental. Devido ao seu contato com a
superficie de esmalte, a pelicula adquirida no esmalte desempenha um papel importante
nos estagio iniciais da formacdo da placa dental por meio da modulacdo da aderéncia
bacteriana. Tem sido reportado que o tratamento do esmalte com produtos de alta
concentracdo de fluoreto leva a formagao de uma camada de mineral do tipo fluoreto de
calcio (“CaF,”) em sua superficie. Sabe-se que a adsorcdo proteica ao esmalte é um
processo especifico e dependente da natureza da superficie e pouco se conhece da
influéncia da camada de “CaF,” na composicdo da pelicula salivar. A proposta deste
estudo foi avaliar a composicao da pelicula salivar formada in vitro quando da aplicacdo de
flior fosfato acidulado no esmalte. Para tal, blocos de esmalte bovino foram
aleatoriamente divididos em 3 grupos de tratamento . Cada bloco foi exposto ao
tratamento com agua destilada (controle negativo), solucdo de acido fosfdrico (controle
ativo — H3PO4 0,1 M pH 3,5) ou solugdo de fluor fosfato acidulado (NaF 0,5 M em H3PO,
0,1 M pH 3,5) por 4 minutos. Os blocos foram entdo lavados, secos e imersos em saliva
humana por 2 horas para a formacdo da pelicula salivar. A pelicula adquirida de cada
grupo foi extraida, submetida ao protocolo de digestdo com tripsina e os peptideos
gerados foram analisados por cromatografia liquida de fase reversa acoplada a uma
interface com ionizagdo por nanoelectrospray em um espectrometro de massas LTQ Velos
Orbitrap. Apds processamento e analise dos dados gerados pelo espectrometro de massas
utilizando o programa Proteome Discoverer e ScaffoldQ+ foram identificadas 56 proteinas.
Cada grupo de tratamento apresentou uma quantidade similar de proteinas totais
identificadas e 17,8% das proteinas totais estavam presentes em todos os grupos de
tratamento. Doze proteinas foram exclusivas do grupo tratado com agua destilada, 11
exclusivas do grupo tratado com acido fosfdrico e 12 do grupo tratado com fldor fosfato

acidulado. A quantificacdo relativa por contagem de espectros demonstrou que quando



da aplicagdo de fluor fosfato acidulado no esmalte a abundancia de algumas proteinas
diminui, dentre elas a proteina histatina-1. Entretanto, a abundancia da proteina de S100—
A9, confirmada por western blot, aumentou quando a superficie de esmalte foi tratada
com fluor fosfato acidulado. Os dados sugerem que a modificacdo causada no esmalte
pela aplicacdo de fluor fosfato acidulado influencia a composi¢cao da pelicula adquirida no
esmalte podendo ter um impacto na posterior colonizacdo bacteriana inicial.

Palavras-chave: pelicula dentdria, fluoreto de fosfato acidulado, protedmica,

espectrometria de massas.
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ABSTRACT

The acquired pellicle is a protein film resulting from the selective adsorption of
proteins present in whole saliva onto tooth surfaces. Because of its contact with enamel
surfaces, the enamel pellicle plays an important role in the initial stages of plaque
formation by modulating bacterial attachment. High concentrated fluoride product
treatment of enamel has been reported to result in the formation of a layer of a CaF,-like
material (“CaF,”) on the enamel surface. Protein adsorption to enamel is a specific process
dependent on the nature of the surface, and little is known about the influence of this
“CaF,” layer on pellicle composition. The purpose of this investigation was to gain further
insights into the in vitro pellicle components when APF application is performed. Bovine
enamel blocks were randomly divided in 3 groups. Each block was exposed to distilled
water (negative control), or phosphoric acid (active control - 0.1 M HsPO4 pH 3.5) or
acidulated phosphate fluoride (APF) (0.5 M NaF in 0.1 M HsPO,4 pH 3.5) solution for 4
minutes. Blocks were then washed, dried and immersed in human saliva for 2 hours for
enamel pellicle formation. AEP from each group was collected, subjected to trypsin
digestion protocol and the peptides generated were analyzed by reverse-phase liquid
chromatography coupled with nanoelectrospray ionization in a LTQ Velos Orbitrap mass
spectrometer. After analyses of the data by Proteome Discoverer e ScaffoldQ+ programs
56 proteins were identified. Each treatment group presented a similar amount of total
identified protein and 17.8% of total proteins were present in all four groups. Twelve
proteins were exclusively in the group treated with water, 11 proteins were exclusively in
the group treated with phosphoric acid and another 12 proteins were only present in the
discs treated with APF solution. Relative proteomic quantification showed that the
abundance of some proteins decreases with APF application, such as histatin-1. However,
the concentration of S100 — A9, confirmed by immunoblotting analyses, increases when

enamel surface was treated with APF solution. These data suggest that the modification

xii



caused on enamel surface by APF application influences the composition of AEP and may

have an impact on initial bacterial attachment.

Key-words: dental pellicle, acidulated phosphate fluoride, proteomics, mass

spectrometry.
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INTRODUCAO

A pelicula adquirida de esmalte é um filme organico que recobre a superficie do
esmalte dos dentes erupcionados (Dawes et al., 1963). Sua formacgao ocorre pela adsorgado
seletiva de proteinas da saliva, do fluido gengival e de bactérias a superficie do esmalte, uma
vez que apenas parte das proteinas presentes na saliva total é encontrada neste filme (Hay,
1967, 1973; Vacca Smith & Bowen, 2000; Yao et al., 2003; Siqueira et al., 2012a). Estudos
demonstram que as primeiras proteinas que ligam ao esmalte dental possuem alta afinidade
pelo mineral tipo hidroxiapatita (HA) e sdo conhecidas como proteinas precursoras da
pelicula. Fazem parte das proteinas precursoras histatinas, estaterina e proteinas rica em
prolina (Hay, 1969, 1973, 1975; Bennick, 1987; Oppenheim et al., 1971, 1986, 1988). Ha
evidéncias que essa adsorc¢do ocorra, principalmente, por interacdes elestrostaticas entre as
cargas dos residuos das proteinas precursoras e os ions do esmalte (Hannig & Joiner, 2006).
Sabe-se que a superficie dental tende a apresentar uma carga liquida negativa devido ao
posicionamento estrutural dos grupamentos fosfatos os quais encontram-se posicionados
superficialmente na estrutura cristalina. Quando em contato com a solugdo aquosa salivar,
esta superficie negativa sera coberta por ions cdlcio carregados positivamente, formando
uma camada de hidratacdo carregada positivamente (Arends & Jongebloed, 1977). Assim, as
proteinas primariamente adsorvidas a superficie de esmalte estabelecem interacdes
eletrostaticas entre a dupla camada i6nica (ions célcio e fosfato) e o seu correspondente
grupo carregado negativa ou positivamente (Hannig & Joiner, 2006). Ademais, a ocorréncia
de residuos de serinas fosforiladas nas proteinas precursoras da pelicula, e ainda, a sua
estrutura secunddria e terciaria sdo fatores que contribuem para a alta afinidade destas
proteinas pelo esmalte dental (Hay and Moreno, 1979, Lamkin & Oppenheim, 1993;
Helmerhorst & Oppenheim, 2007). Entretanto o mecanismo exato dos estagios iniciais de
formacao da pelicula ainda ndo foi completamente elucidado.

Em uma segunda fase de formacdo da pelicula salivar, observam-se interacdes das

proteinas salivares com os agregados proteicos ja adsorvidos a estrutura dental (Lamkin et


http://www.ncbi.nlm.nih.gov/pubmed?term=Arends%20J%5BAuthor%5D&cauthor=true&cauthor_uid=272746
http://www.ncbi.nlm.nih.gov/pubmed?term=Jongebloed%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=272746

al., 1996). Evidéncias apontam que apds duas horas a pelicula parece atingir um equilibrio
entre adsor¢cdo e desadsorcdo das proteinas (Sonju & Rolla, 1973; Lankim et al., 1996;
Lendenmann et al., 2000) formando um pelicula madura sobre a superficie dentdria. Esta
proximidade com o esmalte dental torna a pelicula adquirida de esmalte a interface entre os
minerais do esmalte e o ambiente oral (Lendenmann et al., 2000). Com isso, a pelicula
participa de todos os eventos que ocorrem nesta interface desempenhando papel
importante na protecdo do esmalte contra ataques acidos e na sua dissolucdo (Van Nieuw
Amerongen et al., 2004; Hannig & Joiner, 2006; Cheaib & Lussi, 2011), bem como na
cristalizacdo de sais de cdlcio e fosfato (Lamkin & Oppenheim, 1993; Siqueira et al., 2012a),
na lubrificacdo da superficie dentaria (Tabak et al., 1982) e modulagdo da aderéncia
bacteriana (Gibbons et al., 1985; Gibbons, 1989; Douglas 1994; Lamkin & Oppenheim, 1993).
O processo de adesdo bacteriana compreende interagbes estéreo-quimicas especificas entre
adesinas presentes na parede bacteriana e receptores encontrados na pelicula adquirida
(Gibbons, 1989; Douglas, 1994). Esses receptores incluem mucinas, aglutininas, proteinas
rica em prolina, estaterinas e enzimas como alfa-amilase, os quais modulam a adesdao dos
colonizadores primarios (Douglas, 1994; Kolenbramder et al., 2002). Os colonizadores
primarios sdao de grande importancia, pois apds a aderéncia a superficie dental estes
proveem novos sitios de ligacdo gerando aderéncia de outros microrganismos (Kolenbrander
& London, 1993; Marsh, 2003), além de proverem a adesdo de substratos para os
colonizadores subsequentes influenciando os estdgios seguintes de formacdo do biofilme
dental (Li et al., 2004) sendo este fator chave para o desenvolvimento de cdrie e doencas
periodontais (Marsh, 2004). Dessa forma, mudancas na composicdo proteica da pelicula
adquirida podem gerar alterag¢des no tipo de bactéria que formara a primeira camada do
biofilme dental podendo influenciar a dindmica de formacdo do biofilme dental.

No que concerne a composicao da pelicula adquirida, sabe-se que o substrato ao
qual a pelicula se forma influencia a sua composicdo dada a alta especificidade do seu
processo de formacdo (Sonju & Glantz, 1975; Baier & Glantz, 1978; Edgerton & Levine, 1992;
Lindh et al., 1999; Carlen et al., 2001; Cardenas et al., 2007; Svendsen et al., 2009; Hannig &

Hannig, 2009). Sabe-se que para o controle da carie dental em pacientes considerados de



alto risco a aplicagdo tépica profissional (ATF) de flior é indicada (Marinho et al., 2002,
2007). Entretanto, o efeito preventivo de produtos com alta concentracdo de fluoreto esta
principalmente relacionado a formacado de reservatérios de fluor na superficie do esmalte na
forma de fluoreto de célcio (“CaF,”) (Saxegaard & Rélla, 1988; Ogaard, 2001). Esses
reservatérios de fllor depositados sobre a superficie do esmalte podem gerar altera¢des nas
propriedades quimicas da superficie de esmalte (Kambara & Norde, 1995) e, por conseguinte
alterar a afinidade proteica por essa superficie.

Eggen & Rola (1983) observaram que a HA tratada por 3 meses com fluoreto de sédio
adicionado de acido latico pH 4 adsorveu menos albumina, porém mais lisozima quando
comparada com HA normal. J4, a andlise do padrdo de adsor¢cdo dessas duas proteinas
estudadas por Rykke e colaboradores (1989) demonstrou que o pé de “CaF,” adquiriu menor
guantidade de ambas as proteinas quando comparado com a HA, porém o tratamento da
superficie de “CaF,” com fosfato, aumentou significativamente a adsorcdo proteica. Em
contrapartida, Kambara & Norde (1995) demonstraram que a aplicacao de fluoreto neutro
por 4 minutos em HA modifica as caracteristicas fisico-quimicas da sua superficie
aumentando a afinidade da proteina lisozima.

Em acréscimo, a analise da pelicula adquirida formada in vivo coletada de esmalte
sem tratamento e esmalte tratado com fluoreto de sédio (0,6% em pH 1,9) por 1 minuto
demonstrou nao haver diferengas na composicdo dos aminodacidos entre esses dois
substratos (Rykke et al., 1989). Por outro lado, estudo recente encontrou diferencas
gualitativas e quantitativas na composicao proteica da pelicula adquirida formada sobre
discos de HA normal e tratados com solugdes de fluoreto neutro em altas concentragdes (1,
2 e 5%), sendo a maior parte das diferengas encontradas nos grupos tratados por 2 horas
com solugdes neutras de fluoreto de sddio nas concentracées de 2 e 5%, sendo o grupo
tratado com solucdo de flior a 1% muito semelhante aos resultados encontrados para a HA
normal (Siqueira et al., 2012).

Contudo, sabe-se que a formacdo de “CaF,” durante a aplicacdo tépica de fluoreto é
dependente de diversos fatores dentre eles o tempo de aplicac3o e o pH da solucdo (Ogaard,

2001). A formacdo de “CaF,” em pH neutro requer altas concentracées de fluoreto ou um



longo tempo de exposicdo (Ogaard, 2001), enquanto o acréscimo de acido a solucdo
fluoretada aumenta a formacdo de fluoreto de calcio (Larsen & Jensen, 1986, Larsen &
Richards, 2001). Solugdes de fluoreto de sédio acidificadas pela adicao de acido fosférico
foram desenvolvidas para melhorar a eficacia anticarie dos produtos fluoretados (Wellock &
Brudevold, 1963; Brudevold & DePaola, 1966; Brudevold et al., 1967) e desde entdo a
aplicagdo profissional de fluor fosfato acidulado (FFA) tem sido um método utilizado para a
prevencdo da cdrie dentdria e sua eficdcia é reconhecidamente baseada em evidéncias
cientificas (Marinho et al., 2002). Dentre as recomendag¢bes do uso de FFA, a aplicagdo do
produto por 4 minutos tem sido recomendada (Ripa, 1990).

Apesar dos varios estudos realizados elucidarem informagdes importantes sobre a
influéncia do fluoreto na composicdo da pelicula salivar adquirida, nenhum estudo foi
conduzido para explorar o efeito do FFA simulando o tempo clinico de aplicagdo. Dessa
forma, esse estudo teve o objetivo de avaliar a influéncia do FFA na composigdo de proteinas
da pelicula salivar adquirida em esmalte utilizando espectrometria de massas baseada em

proteGmica.



PROPOSICAO

O presente estudo in vitro teve como objetivo avaliar o efeito da aplicagdo prévia em
esmalte de fluor fosfato acidulado por 4 minutos na composicdao da pelicula salivar

adquirida.

Este trabalho foi realizado no formato alternativo, conforme deliberacdo numero
002/06 da Comissdo Central de Pds-Graduagdo (CCPG) da Universidade Estadual de
Campinas (UNICAMP) (Anexo 1).



CAPITULO 1

Este artigo foi submetido como “short communication” ao periddico “Caries

Research” conforme apresentado no comprovante de envio presente no anexo 3.
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ABSTRACT

We evaluated, by proteomic analysis, whether the chemical changes provoked on
enamel by acidulated phosphate fluoride (APF) application alter the protein composition of
acquired enamel pellicle. Enamel slabs, pretreated with distilled water (negative control),
phosphoric acid (active control) or APF solution, were immersed in human saliva for pellicle
formation. The adsorbed proteins were extracted and analyzed by LC-MS/MS. Fifty-six
proteins were identified, 12 exclusive to APF and 11 to phosphoric acid. APF decreased the
concentration of histatin-1, but increased the concentration of S100—-A9, which is confirmed
by immunoblotting. The findings suggest that APF application changes the acquired enamel

pellicle composition.

INTRODUCTION

The acquired enamel pellicle is a protein film formed by the selective adsorption of
salivary proteins on to enamel surface (Lendenmann et al., 2000; Hannig and Joiner, 2006;
Siqueira et al., 2012a). Due to the high specificity of this process, pellicle composition is
direct dependent of the underlying substratum (Svendsen and Lindh, 2009; Hannig and
Hannig 2009). It is well known that professional acidulated phosphate fluoride (APF), a
widely used product due to its recognized anticaries effect (Marinho et al., 2002), reacts with
enamel surface and the products of reaction formed, as CaF,-like material, may change the
chemical properties of enamel. Then, it might influence the affinity and adsorption behavior
of salivary proteins to enamel surface and therefore it can have an impact on initial oral
biofilm formation, considering that bacteria bind in a stereochemically specific manner to
complementary molecules in the pellicle (Gibbons et al., 1985; Gibbons, 1989).

Only limited information is available from the literature concerning the effect of
fluoride application on pellicle composition. Although single-component studies showed
differences in protein adsorption on hydroxyapatite (HA) and “CaF,” (Eggen & Roéla, 1983;
Rykke et al., 1989; Kambara & Nordi, 1995), no major differences were found in vivo in
amino acid composition between pellicle collected from CaF,-covered enamel and pellicle

collected from normal enamel (Rykke et al., 1989). Nevertheless, a recent study using



proteomic approach demonstrated that HA discs pretreated for 2 hours with different
concentrations of neutral fluoride solutions modulates the pellicle composition (Siqueira et
al., 2012b). Although all the results are valuable, from a clinical perspective, it is still not
known the effect of APF on pellicle composition.

Therefore, we simulated in vitro the clinical timing application of APF solution on
enamel surface and evaluated its effect on the protein composition of the human salivary

pellicle by mass spectrometry-based proteomics.

MATERIAL & METHODS
Enamel slabs preparation

Bovine incisor teeth, whose roots were removed, were stored in 2% formol solution
for a period of at least 30 days and used to prepared enamel slabs as described previously
(Ccahuana-Vasquez and Cury, 2010). No polishing was performed on enamel surface to keep
its natural feature. Following, enamel slabs were isolated by wax leaving only the dental
external surface exposed to the treatments. Orthodontic wires were attached to 24-well
plate covers, and the slabs were fixed in the orthodontic wires allowing immersion of all
slabs from the same treatment group at the same time.
Treatments

One hundred and twenty bovine enamel slabs were randomly divided into three
groups of 40 specimens each: 1- DW (distilled water - negative control), 2- H3PO4
(phosphoric acid solution — active control) or 3- APF (acidulated phosphate fluoride
solution). Slabs from group 1 (DW) were treated with distilled water; from group 2 (H3P04)
with a solution containing 0.1 M H3PO4, pH 3.5; and from group 3 (APF) with APF solution
containing 0.5 M NaF in 0.1 M H3PO4, pH 3.5. All the treatments were performed by
immersing the slabs individually into 2 mL of the respective solution for 4 min under
agitation (Tenuta et al., 2008). Subsequently, slabs were washed 3 times with distilled water
to remove any excess solution and gently dried with absorbent paper.

Saliva collection



Whole saliva was collected from eight healthy, non-medicated individuals after
providing informed written consent approved by the Ethics Committee of Piracicaba Dental
School. Saliva samples were always collected in the morning (8—9 a.m.) under masticatory
stimulation induced by Parafilm chewing (Pechiney, Chicago, IL) (Paes Leme et al., 2003).
Participants were in starvation and were instructed not to brush before saliva collection. The
samples were kept on ice during the collection procedure and immediately after the
collection whole saliva samples were centrifuged at 10,000 x g for 5 min at 4 °C and the
supernatants were recovered. All experiments were carried out with saliva pools derived
from the same eight individuals.

In vitro pellicle formation

For in vitro pellicle formation, slabs from all treatment groups were individually
immersed in 2 mL of processed saliva during 2 h at 37 °C + 2 under agitation. After 2 h, slabs
were removed from saliva incubation, washed three times in distilled water to remove non-
adsorbed proteins and kept in humid environment.

Pellicle extraction

In an attempt to eliminate variability among the enamel slabs and to extract the
amount of proteins necessary of the LC-MS/MS analysis, the extraction of adsorbed proteins
all slabs (n=40, 28 mm?2 surface area/each slab) from the same treatment group were placed
in a 15 mL-polystyrene tube, containing 8 mL of 100 mM ammonium bicarbonate. The
extraction of pellicle proteins was carried out by vortexing the sample for 120 s followed by
sonication (Branson, Sonifier 50, Danbury, CT USA) for 5 min in an ice bath at 4 °C
(determined in a pilot study). Following, samples were vortexed again for 30 s, then slabs
were removed and the resulting solution containing released proteins was recovered and
lyophilized. The samples were ressuspended in 0.1 mL of distilled water, centrifuged at 4,000
rpm for 10 min (5810 R, Eppendorf, Hamburg, Germany), the supernatant was collected and
any salt precipitation of ammonium bicarbonate formed was discarded.

Pellicle extraction
To achieve the extraction of adsorbed proteins, all slabs from the same treatment

group were placed in a 15 mL-polystyrene tube, containing 8 mL of 100 mM ammonium



bicarbonate. The extraction of pellicle proteins was carried out by vortexing the sample for
120 s followed by sonication (Branson, Sonifier 50, Danbury, CT USA) for 5 min in an ice bath
at 4 °C (determined in a pilot study). Following, samples were vortexed again for 30 s, then
slabs were removed and the resulting solution containing released proteins was recovered
and lyophilized. The samples were ressuspended in 0.1 mL of distilled water, centrifuged at
4,000 rpm for 10 min (5810 R, Eppendorf, Hamburg, Germany), the supernatant was
collected and any salt precipitation of ammonium bicarbonate formed was discarded.
Mass Spectrometry

Samples were denatured with urea (final concentration 1.6 M), reduced with DTT
(final concentration 5 mM) and alkylated with iodoacetamide (final concentration 14 mM)
for 30 min at room temperature, digested with trypsin (20 ng/uL), dried down in a vacuum
concentrator and reconstituted in 20 ul of 0.1% formic acid. The resulting peptide mixture
was separated by C18 (100 mm x 75 um) (Proxeon) EASY-nLC coupled with EASY-
nanoelectrospray tandem mass spectrometry on a LTQ Velos Orbitrap (Thermo Fisher
Scientific) mass spectrometer at a flow rate of 300 nL/min. The gradient was 0 - 90%
acetonitrile in 0.1% formic acid over 60 min (Aragao et al., 2012b).
Data Analysis

All datasets of proteins were processed using the workflow feature in Proteome
Discoverer software v.1.3 and the msf files were analyzed in ScaffoldQ+ v.3.3.2 (Proteome
Software), filtered using xcorr cutoffs (+1>1.8, +2>2.2, +3>2.5 and +4>3.5), using the
normalized number of total spectra counting to evaluate the protein abundance (Didangelos
et al., 2011; Aragdo et al., 2012a). Spectral count normalizing entails averaging the spectrum
counts across the samples, followed by averaging the spectral counts, and then multiplying
the spectrum counts in each sample by the average divided by the individual sample sum.
One normalized, the ScaffoldQ+ results were exported to excel files. Differences in protein
abundance were considered when there was at least 1.5-fold difference between the ratio
of the spectral counts for each group. The scoring parameters in ScaffoldQ+ were set to
obtain a false discovery rate less than 5%. Additionally, manual validation of the CID

spectrum of a peptide from S100-A9 protein, validated by immunoblotting, was performed
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(Fig. 1). The theoretical isoelectric point (pl) was calculated for each group using the
theoretical protein sequence obtained by Uniprot and analyzed in Expasy.
Immunoblotting

In order to validate one of the proteins identified by LC-MS/MS analysis, an
independent experiment was carried out to perform an immunoblotting against S100—A9
calcium-binding protein as described before (Aragao et al., 2012b). The proteins extracted
from all treatment groups were separated by 4-15% SDS-PAGE and transferred onto
nitrocellulose membrane (GE Healthcare) by semi-dry system (Bio-Rad). It was used the anti-
S100-A9 (1:1000, gift from Dr. Philippe Tessier), followed by horseradish peroxidase-
conjugated goat anti-rabbit 1gG (1:5000, Calbiochem). The visualization of S100-A9 was
achieved by chemiluminescence with the ECL kit (Amersham Biosciences). Positive control of
S100-A9 recombinant protein (gift from Dr. Philippe Tessier) was used. The densitometry of

the bands was analyzed by ImageJ software (http://rsb.info.nih.gov/ij/).

RESULTS AND DISCUSSION

This study indicates that professional APF application for 4 minutes, as it has been
used to prevent caries disease, modulates acquired enamel pellicle composition, as can be
observed in Venn diagram (Fig. 2). These results confirm earlier findings that have suggested
that the underlying substratum influences the pellicle composition (Sonju and Glantz 1975;
Baier and Glantz 1978; Svendsen and Lindh, 2009). The LC-MS/MS analysis of the trypsin-
digested proteins identified in total 56 proteins (Table 1), and each treatment group showed
similar number of identified proteins from acquired enamel pellicle, being 31, 29 and 33 for
distilled water (DW), phosphoric acid (H3PO4) and acidulated phosphate fluoride (APF)
groups, respectively. However, differences in enamel pellicle protein composition among the
groups were observed. The use of H3PO,4 as an active control allowed us to assign to fluoride
the changes found exclusively on APF group, once the pellicles formed on enamel treated
with H3sPO4 and APF were distinctly. It is well known that when acidified fluoride products
are applied to enamel surface, it dissolves enamel surface and concomitantly precipitates

fluoride-containing reaction products and the major reaction product formed is CaF,-like
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material (Dijkman et al.,, 1982; Ogaard, 2001). Therefore, changes found in pellicle
composition of APF group may be attributed to “CaF,” presence.

Ten proteins (17.8 %) were identified in acquired enamel pellicle in all treatments,
such as amylase, histatin, calcium-binding proteins, cystatin and keratins (Table 1).
Considering the fold-change of 1.5 (Paes Leme et al., 2012; Aragdo et al., 2012a), amylase
has similar abundance among the samples and it was identified in a notable manner with
the highest spectral counts, which means a high abundance of this protein in acquired
enamel pellicle independently of the enamel pretreatment. This result is consistent with
earlier findings that indicated that amylase is one of the major components of pellicle
(Hannig et al., 2004, 2005; Siqueira et al., 2012a). However, the enamel surface
modifications showed an effect in the abundance of some proteins, such as histatin-1, a
recognized pellicle precursor that showed to be with low abundance in enamel pellicle from
slabs pretreated with APF. In a recently study, the same protein showed lower affinity for HA
slabs pretreated with neutral fluoride solution than for HA with no treatment (Siqueira et al.,
2012b).

Interestingly, the formation of “CaF,” on enamel surface increases the abundance of
S100-A9 protein, a low-molecular-weight protein that has been shown to be a component
of saliva (Loo et al., 2010), gingival crevicular fluid (Kojima et al., 2000), in vivo acquired
enamel pellicle (Yao et al., 2003; Siqueira et al., 2007) and biofilm (Paes Leme et al., 2008;
Moi et al., 2012). Considering that S100—A9 was found in all treatment groups of this study
and was, notably, the only protein with higher abundance in group treated with APF
solution, one of the identified peptides of this protein was manually validated (Fig. 1). In
addition, an independent experiment was carried out and it confirmed by immunoblotting
the presence and the higher abundance of S100—A9 in the enamel pretreated with APF (Fig
3). This may be explained by the fact that once S100-A9 has the ability to bind calcium ions,
it may react with “CaF,” deposited on enamel surface by APF application increasing its
affinity to this CaF,-covered surface when compared to untreated enamel. Due to its
calcium-binding domain this protein is possibly involved in enamel deposition (Yao et al.,

2003), which may have a potential significance for caries disease (Ambatipudi et al., 2010)
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and calcium reservoir (Paes Leme et al., 2008), however, the specific role of this protein in
acquired enamel pellicle still should be investigated.

It is noticeable that besides the proteins identified in all treatment groups, we found
that some proteins were exclusive from each treatment (Fig. 2). Twelve proteins were found
exclusively in pellicle formed on slabs treated with DW (Table 1). Enamel pellicle from slabs
treated with H3PO,4 showed 11 exclusively proteins and slabs that received APF application
before pellicle formation showed 12 exclusively proteins. For instance, statherin was one of
the proteins found exclusively in normal enamel (DW group) and there is clear evidence that
this protein has a high affinity to enamel surface showing a typical approximation of this
surface in transmission electron micrographs analyses of pellicle (Schiipbach et al., 2001).
The strong interaction of statherin with HAP is mediated by the acidic N-terminus, where
two phosphoserines are located (Lamkin and Oppenheim, 1993; Makrodimitris et al., 2007).
It is possible to speculate that H3PO, alone and APF application interfered with the
electrostatic interaction between enamel and statherin, even by the “CaF,” obstruction of
the hydroxyapatite-binding site for statherin, or by the changes on enamel surface charges
due to the mineral loss. The importance of this finding may rely on the biological activities of
this protein that includes the inhibition of HA nucleation and growth, lubrication of the
enamel surface, and when adsorbed onto HA the binding of A. viscosus (Gibbons and Hay,
1988).

In an effort to gain further insight into the profile of proteins found exclusive in each
treatment group, the identified proteins were analyzed with respect to the theoretical
isoeletric point (pl) values. This comparison revealed that pellicle extract from slabs treated
with APF solution contained more proteins with the pl next to lower acidic end (pl <5) of the
pl scale, as shown in Fig. 2. It seems that the formation of minerals of CaF,-like material on
enamel surface by the APF application increases the affinity of negatively charged proteins
considering the saliva pH 7.0. A possible explanation may be that APF application slightly
alters the surface charge rendering the enamel surface net positively charged contributing

for the attachment of negative molecules (Kambara and Norde, 1995).
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Nevertheless, protein pl is not the only force that drives pellicle formation, given that
the affinity will be strongly influenced by the secondary and tertiary protein structures. This
relies on the cluster of charged residues found in the surface of the native molecule,
influencing the probability of binding (Hay and Moreno, 1979). Moreover, the polarity
reflected in the hydrophilicity and hydrofobicity of proteins and the sorbent surfaces have a
great impact on the adsorption process and must be considered to understand the
interaction between saliva proteins and tooth surface (Kambara and Norde, 1995; Hannig
and Hannig, 2009). Besides, it is possible that during the pellicle formation some proteins
adsorb directly to the substrata while some proteins have an indirect adsorption by
interacting with other proteins already bounded.

Taken together, the results suggest that APF application modulates salivary pellicle
composition considering some proteins were distinctly adsorbed on to the different surface
treatment substrata. From a clinical perspective, the application of APF for caries prevention
may influence acquired pellicle functions. We expect that our findings will provide the
biochemical basis for further studies to elucidate both the mechanism involved in the

adsorption of saliva proteins to CaF,-covered enamel and its influence on plaque formation.
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TABLE

Table 1. Proteins identified in vitro in acquired enamel pellicle by LC-MS/MS

Accession
Number

IP100300786
IP100220327
IPI00009865
IP100021304
IP100032294
IP100027462
IP100012024
IP100023011
IPI00007047
IP100300725

IP100015182
IP100027547
IP100031519
IP100386418
IP100219171
IPI00973733
IP100010228
IP100003927
IP100383517
IP100022990
IP100007682
IP100383660

IPI00008580
IP100166729
IP100289535
IP100022463

IP100903112
IP100003441
IP100012948
IP100022974
IP100027019
IP100219806

IP100550382

Identified Proteins (56)

Proteins identified in all treatment groups
Alpha-amylase 1
Keratin, type Il cytoskeletal 1
Keratin, type | cytoskeletal 10
Keratin, type Il cytoskeletal 2 epidermal
Cystatin-S
Protein S100-A9
Histatin-1
Submaxillary gland androgen-regulated protein 3B
Protein S100-A8
Keratin, type Il cytoskeletal 6A

Normalized Spectral

Proteins identified exclusively in slabs pretreated with DW (group 1)

cDNA FLJ51921, highly similar to Multidrug resistance-associated
protein 6

Dermcidin

Isoform 1 of DNA (cytosine-5)-methyltransferase 1
Isoform 2 of Myelin expression factor 2

Isoform 2 of POU domain, class 2, transcription factor 1
Isoform 3 of Intraflagellar transport protein 88 homolog
Isoform 3 of SOSS complex subunit B2

Peptidyl-prolyl cis-trans isomerase D

Prostate specific antigen

Statherin

V-type proton ATPase catalytic subunit A

Zinc finger protein 530

Proteins identified exclusively in slabs pretreated with H3;PO, (group 2)

Antileukoproteinase
Zinc-alpha-2-glycoprotein
cDNA FLJ78497

Serotransferrin
cDNA FLJ36533 fis, clone TRACH2004428. highly similar to
Lactotransferrin (Fragment)

Isoform 1 of Protein osteopotentia homolog
Proheparin-binding EGF-like growth factor
Prolactin-inducible protein

Proline-rich protein 4

Protein S100-A7
cDNA FLJ33172 fis, clone ADRGL2002029. highly similar to
Equilibrative nucleoside transporter 1
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counts

DW H;PO, APF
19.17 18.01 19.46
1353 643 11.98
5.64 9.01 5.99
5.64 7.72 1.5
2.26 1.29 1.5
1.13 1.29 2.25
2.26 2.57 0.75
3.38 3.86 1.5
1.13 1.29 15
3.38 1.29 0.75
1.13 - -
1.13 - -
1.13 - -
1.13 - -
1.13 - -
1.13 - -
1.13 - -
1.13 - -
1.13 - -
1.13 - -
1.13 - -
1.13 - -

- 1.29 -

- 1.29 -

- 1.29 -

- 1.29 -

- 1.29 -

- 1.29 -

- 1.29 -

- 1.29 -

- 1.29 -

- 1.29 -

- 1.29 -



Proteins identified exclusively in slabs pretreated with APF (group 3)

IP100219254  Isoform RSRFC4 of Myocyte-specific enhancer factor 2A - - 3.74
IPI00013382  Cystatin-SA - - 1.5
IPI00167941  Midasin - - 0.75
IPI00304808 Isoform 1 of Kallikrein-1 - - 0.75
IPI00423461  Putative uncharacterized protein DKFZp686C02220 (Fragment) - - 0.75
IP100004573 Polymeric immunoglobulin receptor - - 0.75
IPI00009650  Lipocalin-1 - - 0.75
IPI00018909  Trefoil factor 3 - - 0.75
IPI00061277  Mdm2-binding protein - - 0.75
IP100328737  Isoform 1 of Zinc finger protein 598 - - 0.75
IPI00398162  Isoform 2 of Nebulin-related-anchoring protein - - 0.75
IPI00413961  PTK2 protein tyrosine kinase 2 isoform b variant - - 0.75
Proteins identified in slabs pretreated with DW and H;PO, (group 1 and 2)
IPI00893844  Isoform 1 of Putative E3 ubiquitin-protein ligase SH3RF1 1.13 1.29 -
IPI00009867  Keratin type Il cytoskeletal 5 3.38 2.57 -
Proteins identified in slabs pretreated with DW and APF (group 1 and 3)
IPI00019038  Lysozyme C 1.13 - 2.99
IPI00855918  Uncharacterized protein (Mucin - 5B) 2.26 - 2.25
IP100299078  Salivary acidic proline-rich phosphoprotein 1.13 - 2.25
IPI00552432  Basic salivary proline-rich protein 2 1.13 - 0.75
IPI00305477  Cystatin-SN 1.13 - 0.75
Proteins identified in slabs pretreated with H;PO, and APF (group 2 and 3)

IPI00022434  Uncharacterized protein (Albumin) - 7.72 8.98
IPI00099110  Isoform 1 of Deleted in malignant brain tumors 1 protein - 1.29 0.75
IPI01011177  Uncharacterized protein - 1.29 0.75
IPI00019359  Keratin, type | cytoskeletal 9 - 1.29 2.99

Group 1 — DW - slabs treated with distilled water; Group 2 — H3PO4 - slabs treated with phosphoric acid
solution; Group 3 — APF - slabs treated with acidulated phosphate fluoride solution. “-” means that peptides
were not identified in the treatment either due to their absence/low detection limits or due the required
parameter thresholds in ScaffoldQ+.

20



Hdez Nadia exp2 trat? #10732 RT: 3558 AV:1 NL 103E4
T: TS + ¢ NSI d Full ms2 903 98@cid35.00 [235.00-1820.00] & i
Yo 10
1236.65356
1005 _ 12361511
953 15 14 13 12 11
1

3 14 10 98 7 65 4 3 2 1
o Nl T FHaY s VK
" 2345 6 7 8 9101112131415
753
703 89542175

E ++
853 Yis

1 790.77496
GE

553
503 553.36072 -
E Ye
457

E 76153528 +
403 gt

: Yi2 Ya"
353 b+ 72617359 1009.61835
30 4
253

Relative Abundance

+ +
440.30304 Ys by i b
b+ | Yu s -
10 11349 77808

B24.45837
12 7 +
g 145062895 Y13
153 4 " 1380.89050
.
E 357.33929

30 400 500 B0 700 800 900 1000 100 1200 1300 1400 1500 1500 1700 1800
b iz
MTCKMSQLERNIETIINTFHQYSVKI GHPDTLNQGEFKELVRKDLQNFLKKENKNEKVIEHIM
EDLDTNADKQLSFEEFIMLMARLTWASHEKMHEGDEGPGHHHKPGLGEGTP

Figure 1. (a) CID spectrum of a S100-A9 peptide identified by LC-MS/MS. S100-A9 was
identified in salivary pellicles formed on enamel treated with distilled water (DW),
phosphoric acid solution (H3PO4) and acidulated phosphate fluoride solution (APF) by LC-
MS/MS. The spectrum of S100—A9 peptide (m/z 1806.95464, + 2, IPI00027462) was manually
validated for b and y ion series. (b) Full-length protein sequence of S100-A9. The peptide
identified by MS is underlined.
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Figure 2. Proteins identified in in vitro acquired enamel pellicle. (a) Venn diagram shows the
number of protein identified among groups treated with DW, H3PQO, solution, and APF
solution. (b) Theoretical pl of the full-length proteins found exclusive in acquired enamel
pellicle from each treatment group: DW, H3PO, solution, or APF solution. The area selected
in gray shows the proteins with the pl next to the acidic end (<5) of the pl scale, which

highlighted that the majority of the proteins were identified in slabs treated with APF.
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Figure 3. Immunoblotting confirms the higher abundance of S100-A9 on acquired enamel
pellicle formed on APF treated enamel. (a) Immunoblotting of S100-A9 protein from in vitro
acquired enamel pellicle in all treatment groups: DW, phosphoric acid solution and APF
solution, including a positive control of S100-A9 recombinant protein. Number on the left
indicates the molecular mass marker mobility. (b) Densitometric analyses of S100-

A9 amount in acquired enamel pellicle formed in groups 1, 2 and 3.
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CONSIDERAGCOES FINAIS

A utilizagcdao de metodologias baseadas em protedmica, em especial a espectrometria
de massas, tem contribuido amplamente para o conhecimento dos componentes proteicos e
peptidicos da pelicula salivar adquirida em esmalte (Yao et al., 2001, 2003; Siqueira et al.,
2007, 2012; Siqueira & Oppenheim, 2009; Vitorino et al., 2005, 2007). A alta sensibilidade da
espectrometria de massas permite a identificacdo de proteinas com uma grande faixa
dinamica de concentragdo, o que torna esta técnica altamente adequada para a investigacao
da composicdo da pelicula adquirida (Lendenmann et al., 2000).

Apesar de somente recentemente a espectrometria de massas ter sido utilizada para
avaliar a influéncia da aplicacdo de solucGes fluoretadas na composicao da pelicula salivar
adquirida em blocos de HA (Siqueira et al., 2012), as condic¢des utilizadas ndao simularam o
uso clinico de solucdes de alta concentracdo de fluor. Dessa forma, no presente estudo,
avaliou-se a composicdo da pelicula adquirida formada sobre esmalte tratado previamente
com fldor, trazendo novas informag¢des quanto a influéncia da solucdo de fluor fosfato
acidulado na composicdo de proteinas da pelicula.

Foram identificadas algumas proteinas como histatina, estaterira e proteina acida
rica em prolina as quais ja foram demonstradas estar entre as primeiras proteinas que se
adsorvem a HA (Lendenmann et al., 2000; Hannig & Joiner, 2006). Sabe-se que ha uma alta
dificuldade na identificacdo dessas proteinas em amostras digeridas com tripsina devido a
elevada abundancia de residuos de lisina e arginina na regido do N-terminal dessas proteinas
gerando peptideos muito pequenos (Siqueira et al., 2007). Ademais, o alto conteudo de
residuos de prolina na sequéncia proteica torna-se também um desafio para a andlise por
espectrometria de massas, tanto pelo efeito da prolina no espectro gerado quanto por ndo
gerar peptideos quando o C-terminal dos residuos de lisina e arginina estdo seguidos de
residuos de prolina.

Vale ressaltar que o atual estudo demonstrou, pela primeira vez, uma maior
abundancia da proteina ligadora de calcio S100-A9 quando da aplicacdo de solugdo

fluoretada acidificada. Notavelmente, a presenca e abundéancia da proteina S100 — A9 foram
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confirmadas por Western Blot em um experimento independente, realizado nas mesmas
condicdes do primeiro experimento, demonstrando a reprodutibilidade do resultado.

Em resumo, as mudangas encontradas na composi¢cao da pelicula salivar deste
estudo contribuem para o aumento do conhecimento da influéncia do uso profissional de
solugdes fluoretadas na afinidade proteica da pelicula salivar. Os resultados abrem caminho
para que estudos sejam conduzidos avaliando o mecanismo de interagdo das proteinas a
superficie de esmalte recoberta por minerais do tipo CaF, e, adicionalmente, o impacto

destas alteragdes nas fungbes bioldgicas da pelicula adquirida.
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CONCLUSAO

A aplicagdao de FFA em esmalte, simulando o tempo de aplica¢do clinica, bem como
seu controle ativo, acido fosfdrico alteraram quali-quantitativamente a adsorcdo das
proteinas salivares. Dentre as mudancas encontradas a proteina ligadora de cdlcio S100-A9

apresentou-se mais abundante na pelicula salivar quando da aplicagdo de FFA.
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APENDICE 1 - Blocos de esmalte prontos para tratamento com saliva

Foto ilustrativa dos blocos de esmalte bovinos isolados com cera 7 e fixados em fios
ortodonticos acoplados a placa de poliestireno de 24 pogcos onde foram realizados o pré-

tratamento dos blocos (agua destilada, acido fosférico ou flior fosfato acidulado) e a

imersao em saliva humana.
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ANEXO 2 - Deliberagao de defesa de tese em formato alternativo

INFORMAGAO CCPG/002/06

Tendo em vista a necessidade de revisdo da regulamentagdo das normas sobre o formato
e a impressdo das dissertacbes de mestrado e teses de doutorado e com base no
entendimento exarado no Parecer PG n° 1985/96, que trata da possibilidade do formato
alternativo ao ja estabelecido, a CCPG resolve:

Artigo 1° - O formato padrdo das dissertagbes e teses de mestrado e doutorado da
UNICAMP deverao obrigatoriamente conter:

. Capa com formato Unico ou em formato alternativo que devera conter
informacdes relativas ao nivel (mestrado ou doutorado) e a Unidade de defesa,
fazendo referéncia & Universidade Estadual de Campinas, sendo o projeto
grafico das capas definido pela PRPG.

Il. Primeira folha interna dando visibilidade a Universidade, a Unidade de defesa, ao
nome do autor, ao titulo do trabalho, ao nimero de volumes (guando houver
mais de um), ao nivel (mestrado ou doutorado), a area de concentragéo, ao
nome do orientador e co-orientador, ao local (cidade) e ao ano de deposito. No
seu verso deve constar a ficha catalogréfica.

ili. Folha de aprovacdo, dando visibilidade a Comissdo Julgadora com as
respectivas assinaturas.

IV. Resumo em portugués e em inglés (ambos com no maximo 500 palavras).

V. Sumario.

Vvi. Corpo da dissertacdo ou tese dividido em topicos estruturados de modo
caracteristico a area de conhecimento.

Vil. Referéncias, formatadas segundo normas de referenciamento definidas pela
CPG da Unidade ou por critério do orientador.

Vill. Todas as péaginas deverdo, obrigatoriamente, ser numeradas, inclusive paginas
iniciais, divisbes de capitulos, encartes, anexos, etc... As paginas iniciais
poderdo ser numeradas utilizando-se algarismos romanos em sua forma
minuscula.

IX. Todas as paginas com numeracdo “impar’ serdo impressas como ‘frente” e
todas as paginas com numeracao “par” serao impressas como “verso’.

§ 1° - A critério do autor e do orientador poderdo ser incluidos: dedicatdria;
agradecimento; epigrafe; lista de: ilustractes, tabelas, abreviaturas e siglas, simbolos;
glossario; apéndice; anexos.

§ 2° - A dissertacdo ou tese devera ser apresentada na lingua portuguesa, com excegao
da possibilidade permitida no artigo 2° desta Informac&o.

§ 3° - As dissertacdes e teses cujo contetido versar sobre pesquisa envolvendo seres
humanos, animais ou biosseguranca, deverdo apresentar anexos o0s respectivos
documentos de aprovacao.

Artigo 2° - A critério do orientador e com aprovagédo da CPG da Unidade, os capitulos e
os apéndices poderdo conter copias de artigos de autoria ou de co-autoria do candidato,
ja publicados ou submetidos para publicagdo em revistas cientificas ou anais de
congressos sujeitos a arbitragem, escritos no idioma exigido pelo veiculo de divulgacao.
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§ tnico - O orientador e o candidato deverao verificar junto as editoras a possibilidade de
inclusdo dos artigos na dissertagcio ou tese, em atendimento a legislacdo que rege o
direito autoral, obtendo, se necesséria, a competente autorizacdo, deverao assinar
declaracao de que ndo estdo infringindo o direito autoral fransferido a editora.

Artigo 3° - Dependendo da area do conhecimento, a critério do orientador € com
aprovacdo da CPG da Unidade, a dissertagdo ou tese podera ser apresentada em
formato altemativo, desde que observados os incisos 1, i, lil, IV, V e VI do artigo 1°.

Artigo 4° - Para impressdo, na grafica da Unicamp, dos exemplares definitivos de
dissertacdes e teses defendidas, dever&o ser adotados os seguintes procedimentos:

§ 1° - A solicitagdo para impress&o dos exemplares de dissertagbes e teses podera ser
encaminhada a gréfica da Unicamp pelas Unidades, que se responsabilizarao pelo
pagamento correspondente.

§ 2° - Um original da dissertacdo ou tese, em verséo definitiva, impresso em folha
tamanho carta, em uma s6 face, deve ser encaminhado a grafica da Unicamp
acompanhado do formulario “Requisicdo de Servigos Gréficos”, onde conste o nimero de
exemplares solicitados.

§ 3° - A grafica da Unicamp imprimirad os exemplares solicitados com capa padrido. Os
exemplares solicitados serfo retirados pelas Unidades em no maximo, cinco dias tteis
para impressao preto e branco e 10 dias tteis para coloridas.

§ 4° - No formulério “Requisicao de Servigcos Graficos” deveréo estar indicadas as paginas
cuja reprodugdo deva ser feita no padrdo “cores” ou “foto”, ficando entendido que as
demais paginas devam ser reproduzidas no padrao preto/branco comum.

§ 5° - As dissertacdes e teses serdo reproduzidas no padrao frente e verso, excecéao feita
as paginas iniciais e divisées de capitulos; dissertacdes e teses com até 100 paginas
serdo reproduzidas no padrdo apenas frente, excegéo feita a pagina que contém a ficha
catalografica.

§ 6° - As paginas fornecidas para insergio deverdo ser impressas em sua forma definitiva,
ou seja, apenas frente ou frente/verso.

§ 7° - O custo, em reais, de cada exemplar produzido pela grafica sera definido pela
Administracdo Superior da Universidade.

Artigo 5° - E obrigatéria a entrega de dois exemplares para homologacao.

Artigo 6° - Esta Informacdo entrara em vigor na data de sua publicagao, ficando
revogadas as disposicées em contrario, principalmente as Informaces CCPG 001 e
002/98 e CCPG/001/00.

Campinas, 13 de setembro de 2006
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