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Abstract

Streptococcus mutans is a bacterial species that predominates in the oral microbiome. S. mutans
binds to the tooth surface, metabolizes sugars and produces acid, leading to cavity formation. S.
mutans can also cause infectious endocarditis. Recent evidence suggests that S. mutans biofilms
contain amyloid fibrils. Amyloids are insoluble fibrillar protein aggregates, and bacteria use
functional amyloids to improve robustness of their biofilms. While the functional amyloids in
bacteria such as £. coliand S. aureus have been heavily investigated, little is known about the
mechanism of S. mutans amyloid formation. Previous results from our lab with the amyloidogenic
proteins and peptides from the aforementioned bacteria and other mammalian amyloid systems
suggest that amyloid formation progresses via an intermediate that adopts a unique secondary
structure — a-sheet. De novo designed peptides with alternating L- and D- amino acid also adopt
an a—sheet secondary structure and inhibit amyloid formation by binding to soluble oligomeric
species during amyloidogenesis. Inhibition of fibrillization by a-sheet peptides suggests the
presence of a-sheet during amyloid formation. To investigate the mechanism of functional
amyloid formation in S. mutans, a-sheet peptides were compared to Epigallocatechin gallate
(EGCQG) for their ability to inhibit fibril formation in S. mutans. Inhibition was demonstrated in a
biofilm plate assay and on hydroxyapatite surfaces both in S. mutans alone and in bacteria from
human saliva. The observed inhibition suggests that an a.-sheet mediated mechanism may be
operative during functional amyloid formation.

Graphical abstract

bCorresponding author. daggett@uw.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Paranjapye and Daggett Page 2

a-shest Nen a-sheel

Keywords
a-sheet; Streptococcus mutans, functional amyloid; dental bacteria; peptide inhibitors

Introduction

Dental cavities are the second most prevalent human disease and account for 5-10% of
public health expenditures in the industrialized world [1]. Cavities, also known as caries,
will affect nearly 90% of young adults and 94% of adults within their lifetimes [2].
Streptococcus mutans is a gram-positive bacterial species that dominates in the oral
microbiome and is the primary contributor to cavity formation. S. mutans is an acidophile
that binds to the salivary pellicle, a layer of glycoproteins that coats the tooth surface. After
the initial adhesion, the bacteria form a biofilm called a dental plaque [3]. As the biofilm
grows, S. mutans outcompetes commensal bacteria, accesses deeper tissues of the tooth, and
dissolves the tooth structure, resulting in cavity formation. In addition to causing cavities, S.
mutansis a cause of infectious endocarditis, an inflammation of the endocardium of the
heart [4]. Therefore, preventing accumulation of S. mutans biofilms is key to improving oral
and overall health.

Numerous bacterial species, including Staphylococcus aureus, and Escherichia Coli, use
amyloid fibrils to increase robustness or adhesion of their biofilms [5]. Amyloid fibrils are a
common quaternary structure in which proteins aggregate to form strong, p-sheet rich fibrils.
Recent Thioflavin T (ThT) fluorescence, Congo-Red (CR) birefringence, and Transmission
Electron Microscopy (TEM) imaging of multiple S. mutans biofilm-associated proteins
including SMU_63C, Antigen A, and P1, suggest they are amyloidogenic [6,7]. However,
previous work did little to characterize amyloid formation in S. mutans biofilms under
physiologic conditions.

Thioflavin T, or ThT, fluoresces upon binding to p—sheet structures present in amyloid fibrils
[8]. Inhibitors like the polyphenolic small molecule Epigallocatechin gallate (EGCG)
decrease fluorescence of multiple amyloidogenic S. mutans biofilm associated proteins

[6,7]. EGCG inhibits amyloid fibril formation in mammalian amyloid proteins Aa and a-
synuclein by binding to monomeric proteins and inducing formation of restructured
oligomers that no longer form amyloid fibrils [9.10] It has also been suggested that EGCG
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can remodel fibril structures. However, there have been no studies determining the
mechanism of amyloid fibrillization in S. mutans and the mechanism by which EGCG
inhibits S. mutans amyloid formation is unknown.

Atomistic molecular dynamics simulations have identified a unique secondary structure
present as an intermediate during amyloidogenesis, called a-sheet [11]. a-sheet structure is
characterized by alignment of backbone carbonyl groups on one side of the strand and the
backbone amide groups on the other, which leads to a net molecular dipole. To test whether
this nonstandard structure actually exists outside of the computer, we designed de novo
alternating L- and D- amino acid hairpin peptides /n silico with alternating chirality with
residues with high propensity for the predicted structure [12]. Peptides with this structure
inhibit fibril formation when incubated with amyloid-forming proteins in solution
independent of sequence [12,13]. The arrangement of the main-chain atoms in an a-sheet is
complementary to that observed in the molecular dynamics simulations. These synthetic a—
sheet peptides inhibit fibril formation of different unrelated amyloidogenic proteins by
preferentially binding to a-sheet-containing toxic oligomers along the path to amyloid
[12,13,14], suggesting that binding and inhibition by a-sheet peptides reflects the presence
of a-sheet during amyloid formation.

a-sheet peptides inhibit amyloid formation in both mammalian and bacterial systems.
Notably, a-sheet peptides have been shown recently to inhibit functional amyloid formation
in S. aureus biofilms [15]. The S. aureus functional amyloid system has been well-
characterized, and a-sheet peptides decrease amyloid formation of the protein PSMa.-1,
which is the primary component of S. aureus biofilm amyloids, by selective binding to the
soluble oligomers. Therefore, a—sheet peptides are attractive as potential inhibitors of
functional amyloid formation in S. mutans. The mechanism of functional amyloid formation
in S. mutansis not yet understood, and their biofilms have not been studied as a function of
time at physiological temperatures. The exact proteins that constitute S. mutans amyloid
fibrils are also not currently known. However, comparisons between the behavior of S.
aureus and S. mutans in the presence of a-sheet inhibitors may reveal similarities or
differences in the mechanism of fibril formation. The effectiveness of a-sheet peptides
against S. mutans biofilms would suggest that an a—sheet intermediate is present in the
pathway to functional amyloid formation. Therefore, evaluating the effectiveness of these
peptides provides useful information about the time-dependent aggregation behavior of
proteins in S. mutans biofilms. a-sheet peptides include a common hairpin turn sequence,
arginine-glycine endcaps to aid in solubility, and variable regions that have been
manipulated to create a library of a—sheet inhibitors. Herein, three a-sheet peptides- AP90,
disulfide-bridged AP407, and dimerized AP193- were compared to random coil and p-
hairpin controls for their ability to inhibit amyloid formation in S. mutans biofilms and in
bacteria present in whole human saliva to shed light on the mechanism of amyloidogenesis
and its role in biofilm formation and stability.
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Results

Optimization of ThT biofilm assay

Thioflavin T (ThT) binds the cross-p structure present in amyloid fibrils [8]. To determine
amyloid fibril content of S. mutans biofilms, a ThT-based plate assay was developed based
on a protocol by Bleem et. al. (Figure 1) [15]. To establish the time-dependent fibril content
of S. mutans biofilms, plates were grown for various time periods up to 48 hours (Figure 2).
A plateau in the ThT fluorescence was seen around 24 hours, with the main increase in ThT
fluorescence occurring during the 12 hour to 24 hour time period. Based on these results, a
window of 24-28 hours of incubation was chosen for inhibition studies to maximize biofilm
maturity and the fibril content.

To determine the ability of the ThT plate assay to detect amyloid fibril inhibition in S.
mutans, a dose-response curve was obtained with EGCG, a known amyloid inhibitor across
multiple systems (Figure 3) [10]. The assay detected significant decreases in ThT
fluorescence with increasing concentration of EGCG (p < 0.05) at concentrations of 50 uM
EGCG and greater. There was up to a 73% decrease in ThT fluorescence with 500 pM
EGCG (p = 0.001).

Screening of peptides with ThT plate assay

TEM biofilm

The peptides AP90, AP407, AP193, P411, and P1 were screened for their ability to inhibit
amyloid fibril formation using the optimized ThT plate assay. Sequences of these peptides
are provided in Table 1. a-sheet peptides, with the AP nomenclature, AP90 (previously
called a1 by Hopping et. al. 2014), AP407, and AP193 show unique structural
characteristics indicative of a.-sheet secondary structure, including a featureless structure by
circular dicroism (CD) due to cancellation of signal by the alternating chirality of amino
acids [12]. AP407 is an a-sheet peptide based on AP90 with a disulfide linkage between C7
and C16 (formerly S7 and M16 in AP90). AP193 differs in sequence from AP90 and is
dimerized via C19. The B-sheet hairpin P411 was used as a p-sheet conformational control,
and the random coil peptide P1 was used as a unstructured peptide control.

Peptides with various secondary structures were tested for their ability to inhibit amyloid
formation in biofilms using the ThT plate assay (Figure 4). These peptides do not bind ThT,
such that ThT fluorescence reflects the amount of fibrils present [12,15]. The AP193 dimer
at 40 uM decreased ThT fluorescence by 33% (p = 0.007). A 42% decrease in ThT
fluorescence compared to the control was seen with 85 pM AP407, the disulfide-bridged a-
sheet peptide (p < 0.0001). AP90, an a-sheet peptide without the disulfide linkage in
AP407, caused a 16% decrease in ThT fluorescence at 85 pM (p = 0.017). However, the p-
sheet hairpin control P411 and the random coil control P1 had no significant effect.

imaging

To determine the effect of adding peptide inhibitors to biofilms, whole biofilms were grown
in plates, rinsed, and imaged with no peptide, and with addition of peptide inhibitors AP90
(100 pM) or AP193 dimer (50 uM) using TEM (Figure 5). Distinct fibrillar structures were
found in the extracellular material surrounding cells with no peptide present, but such
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structures were not observed around cells when a-sheet peptide was present. One region of
fibrillar extracellular material was seen with addition of 100 uM AP90, but it was not
heavily attached to cells as seen in the condition with no peptide. No regions of fibrillar
structures were found in biofilms with 50 uM AP193. These results correspond to results
seen in the ThT plate assay, where AP193 inhibited more strongly than AP90.

S. mutans and salivary bacteria binding to hydroxyapatite surfaces

To assess inhibition of amyloid fibrils in S. mutans adhered to tooth-like surfaces, S. mutans
was grown on ceramic-hydroxyapatite particles (Figure 6). Hydroxyapatite is the primary
mineral present in the structure of a tooth, so this assay is a more physiologically relevant
model of S. mutans accumulation [16]. ThT fluorescence of adhered cells was determined
after 24 hours of growth. The hydroxyapatite binding was again optimized by obtaining a
dose-response curve of EGCG, which shows a similar dose-dependent reduction in ThT
fluorescence to S. mutans biofilms grown in plates (Figure 7). 250 uM EGCG resulted in a
52% reduction in ThT fluorescence, compared to the 53% reduction in ThT fluorescence
seen in the plate assay with the same concentration (Figure 3). Peptides were added to
medium and hydroxyapatite ceramic particles prior to cell growth. Addition of AP90 (100
UM) led to a 20% decrease in ThT fluorescence, comparable to decreases seen in the plate
assay. Both AP193 monomer and dimer caused significant decreases in ThT fluorescence
(23% and 63% respectively) of S. mutans adhered to hydroxyapatite resin (Figure 8).

To better replicate the biological conditions for biofilm on teeth, artificial salivary pellicles
with associated bacteria were formed using whole human saliva. The bacteria adhered to
these salivary pellicles were grown on hydroxyapatite-ceramic resin. After 24 hours of
growth, ThT fluorescence of cells grown on the hydroxyapatite-ceramic resin was read. With
the addition of a-sheet peptides, there was a significant decrease in ThT fluorescence
compared to saliva grown with media and vehicle only for all 5 donors (Figure 9). A broad
range of inhibition was observed, from 83% inhibition in subject 1, to 27% inhibition in
subject 3. Despite the variable growth of bacteria in saliva from different subjects, ThT
fluorescence of each sample decreased with addition of a-sheet peptide.

Discussion

The binding of a conformation-specific antibody to multiple amyloidogenic proteins in the
nucleation phases of amyloid formation suggests a shared nonstandard secondary structure
on the pathway to amyloid fibril formation [17]. Nuclear magnetic resonance (NMR),
Fourier-transform infrared spectrometry (FTIR), and circular dichroism (CD) results indicate
a lack of a-helical or B-sheet secondary structure in the lag phase of amyloid formation in
the amyloid B-peptide (AB), which is implicated in Alzheimer’s disease [18,19,20]. A
similar lack of defined structure in the nucleation phase of amyloid formation of the islet
amyloid polypeptide (IAPP) has been demonstrated by CD [21,22].

The behavior of multiple amyloidogenic proteins in the presence of a-sheet inhibitors has
been studied in depth. Several a-sheet peptide designs inhibit aggregation of Ap up to 96%,
as indicated by ThT binding [20]. ThT binding also demonstrates up to 83% inhibition of
amyloid formation of islet amyloid polypeptide (IAPP) and 81% inhibition of ThT
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fluorescence of transthyretin with an excess of a-sheet peptides [12,13]. Inhibition occurs
via binding of a-sheet peptides to soluble oligomers that share the a-sheet structure [20,21].
These results suggest that the common structural motif present in these well-characterized
amyloid diseases is a-sheet. Moreover, there appears to be a mix of a-sheet and p-sheet in
fibrils comprised of a transthyretin-derived peptide [23].

Similar inhibition of ThT fluorescence and amyloid formation was recently demonstrated by
Bleem et. al. in the functional amyloid formation of phenol soluble modulins (PSM) in S.
aureus biofilms [15]. PSMa—1 adopts a featureless CD spectrum in the nucleation phase of
amyloid formation similar to the mammalian amyloid proteins, transitioning from a-helical
structure, to a.-sheet, to p-sheet. Because the dominant peptide responsible for amyloid
formation is known, Bleem et. a/. also tracked inhibition of PSMal incubated with AP90
over time, with preferential binding of PSMa.1 to AP90 occurring in the a-sheet-rich phase
versus the B-sheet fibrillar or a-helical phases. These results provide support for a common
intermediate structure in the soluble oligomer species during amyloid formation in S. aureus
and the previously described mammalian systems.

Here, we demonstrate comparable results in S. mutans, which suggests that a similar
mechanism of amyloid fibrillization is operative in this unrelated pathogen. AP90 and
AP407 inhibit ThT fluorescence in S. aureus biofilms and S. mutans. Unlike the ThT biofilm
assay used in S. aureus, S. mutans biofilms were resuspended in the ThT solution itself
rather than in PBS because of high variability when resuspending in PBS. Unfortunately,
however, this change leads to higher background fluorescence and a lower percentage
inhibition. Nevertheless, as with S. aureus, the effects are more striking by TEM where
nearly complete inhibition of amyloid fibril structures surrounding cells is observed upon
addition of a-sheet compound. The decreases in fibrillar content correspond to inhibition
quantified by ThT fluorescence. These correlations suggest that S. mutans may share an
intermediate a-sheet structured species in the pathway to amyloid formation, however, the
proposed presence of a-sheet is necessarily indirect based on the preference of the different
inhibitors tested until the pure components of the system are characterized structurally.

The hydroxyapatite-binding assay demonstrates that fibril inhibition of S. mutans and oral
bacterial accumulations by a-sheet peptides in a more biologically relevant setting. Dental
plaque contains multiple bacterial species, so studying the effects of a-sheet inhibitors on
heterogenous accumulations is key to understanding the role of amyloid fibrils in dental
plaque [24]. The ability of a-sheet peptides to inhibit amyloid fibril formation in bacteria
grown from five separate human saliva samples suggests a broad role of the a.-sheet
mechanism in oral bacterial accumulations.

Currently, very little is known about functional amyloid fibrils in S. mutans biofilms.
Multiple possible biofilm-associated proteins could potentially be responsible for amyloid
fibril formation [7]. As the exact protein responsible for fibril formation in S. mutans has not
been identified, amyloid fibrils were studied here in whole live bacteria in two different
biologically relevant environments. Once the protein or peptide responsible for amyloid
formation has been identified, the isolated pure protein can be characterized by performing
ThT assays with a-sheet inhibitors and conformational controls, as well as CD of the
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isolated protein over time to confirm the presence of an a-sheet intermediate. Here, we
present the first TEM images of fibril-like extracellular material surrounding cells in whole
S. mutans biofilms. We demonstrate inhibition of amyloid formation in live bacteria, along
with visual decreases in extracellular fibrillar material with TEM imaging. The correlations
between the behavior of different amyloid proteins in the presence of a-sheet peptide
inhibitors suggest that a similar intermediate with a-sheet secondary structure is present on
the amyloid fibril formation pathway of S. mutans. These results present the opportunity for
novel therapies to disrupt accumulation of S. mutans on the tooth surface using a-sheet
inhibitors, ultimately preventing the pathogen from giving rise to cavities or further systemic
infections.

Materials and Methods

a-sheet Peptide Synthesis

The peptides used herein are described in Table 1. Peptides were synthesized using Fmoc
solid-phase peptide synthesis, purified using high-performance liquid chromatography
(HPLC), lyophilized, and stored at —20°C prior to use. Purified peptides were characterized
using an ion-trap mass spectrometer to verify their identity. Detailed description of synthesis
procedures used are included in Maris et. al. (2018) [14].

ThT Plate Assay

A ThT plate assay was used to monitor amyloid fibril formation using a protocol modified
from Bleem et. al. (2017) (Figure 1) [15]. Streptococcus mutans UA159 [UAB5S77] was
acquired from ATCC, originally isolated from a child with active caries (1982). Overnight
cultures were grown in BHI medium with 30 mM sucrose at 37°C. These samples were then
centrifuged and resuspended in BHI medium with 30 mM sucrose and 1% (v/v) EC
Oxyrase(R) to ensure an oxygen-limited environment. The cultures were diluted to a final
Optical Density at 600 nm (OD600) of 0.1 in the wells. These cultures were then mixed with
inhibitors in water, or only water for blank conditions. AP193 was dimerized by dissolving
in 1.5% (v/v) DMSO in CO32" buffer (pH 9.6) and incubating at 37°C for 2 hours. The
control biofilms had an equal volume of DMSO (1.5% v/v) in carbonate buffer added.
Bacterial samples were aliquoted in quadruplicate in a clear 96-well plate. The plates were
covered and sealed with parafilm three times before incubating statically at 37°C. ThT
fluorescence was evaluated as a function of time to track amyloid growth, and for 28 hours
during inhibition studies. Media and planktonic cells were gently removed using a vacuum,
the adherent biofilms were rinsed with PBS (BupH, ThermoFisher Scientific). Thioflavin T
(ThT) (Sigma-Aldrich) in PBS was then added to the wells for a final concentration of 22
UM and incubated statically at room temperature in the dark for 4 hours. The solution was
pipetted up and down vigorously to resuspend the biofilms into solution. The plate was
shaken at high speed for 30 seconds, sonicated for 30 seconds to detach and resuspend
remaining biofilm. Samples were transferred to a black-walled 96 well plate. ThT
fluorescence was measured using an excitation of 438 nm and emission of 495 nm (Perkin-
Elmer Enspire plate reader).
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Biofilm Transmission Electron Microscopy (TEM) Imaging

Biofilm samples were grown as described above with and without addition of peptide
inhibitor in 1.5% DMSO (v/v) in carbonate buffer to a final well concentration of 100 uM
(AP90), 50 uM (AP193 dimer, dimerized as above). The condition without peptide had an
equal volume of 1.5% DMSO in carbonate buffer added. Biofilms were then rinsed with
PBS and scraped from the wells of the plate into water and spotted onto formvar-coated
copper grids. Samples were stained with 2% uranyl acetate for 2 minutes, dried under
vacuum, and imaged using a FEI-Tecnai scanning transmission electron microscope (S/
TEM).

Hydroxyapatite Binding Assay
CHT™ ceramic hydroxyapatite type | resin (20 um) (Bio-Rad) was suspended in PBS and
equally distributed to wells of a 96-well plate. To add S. mutans to hydroxyapatite, the PBS
was removed by pipetting, and OD600 = 0.1 S. mutans cells in BHI with 30 mM sucrose and
1% (v/v) oxyrase were added to wells, with either buffer only or inhibitor in buffer. AP90
was dissolved in PBS (BupH, ThermoFisher Scientific) and AP193 was dissolved in 1.5%
DMSO in carbonate buffer (pH 9.6). Plates were parafilmed three times and incubated
statically for 24 hours at 37°C. After growth, planktonic cells and media were separated
from hydroxyapatite-ceramic resin. PBS was added to plate wells, samples were pipetted to
resuspend hydroxyapatite in liquid, and the suspension was transferred to tubes. PBS was
removed, 22 pM ThT in PBS was added and the resin was agitated by vortexing 1 minute,
then sonicating 1 minute to displace adhered cells from the resin into supernatant. The ThT
supernatant was plated in triplicate in a clear bottomed, black-walled 364-well plate and
measured using an excitation of 438 nm and emission of 495 nm (Perkin-Elmer Enspire
plate reader).

Whole Human Saliva Sample Hydroxyapatite Binding

Whole human saliva was obtained from volunteer donors. Donors were instructed to brush
teeth and not eat for 1 hour prior to collection time. Donors rinsed their mouth with distilled
water for 1 minute, then collected approximately 5 mL saliva in a sterile falcon tube.
Samples were stored on ice for no more than 2 hours prior to use. Saliva samples were
centrifuged at 1500 rpm for 5 minutes, then added to hydroxyapatite resin in 96-well plates.
Saliva was incubated with resin for 2 hours to allow the salivary pellicle to form and bacteria
to adhere. Saliva was removed by pipetting and the resin was rinsed with PBS. BHI media
with 30 mM sucrose and 1% (v/v) EC Oxyrase(R) was added to resin and allowed to
incubate 24 hours at 37°C before transferring, rinsing and adding ThT, as described above.
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Highlights

Streptococcus mutans has recently been identified to form functional amyloid,
but little is known about the mechanism of amyloid fibril formation.
Comparing the effects of a-sheet peptides in S. mutans and other amyloid
systems sheds light on the intermediates present during fibril formation.

Multiple a-sheet peptides inhibit amyloid fibril formation in S. mutans
biofilms, and in bacteria present in whole human saliva samples compared to
B-sheet and random coil control peptides. Inhibition occurred in biofilms
grown in a plate and in bacterial accumulations on tooth-like hydroxyapatite
surfaces.

TEM imaging reveals that fibril structures present in S. mutans biofilms are
no longer present upon addition of a.-sheet peptides.

These results suggest that an a-sheet intermediate is involved in amyloid
fibril formation in S. mutans biofilms.
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Figure 1.
Schematic of biofilm ThT plate assay. Bacteria is grown in media with either inhibitor or

solvent alone in 96-wells until a biofilm forms on the bottom of the well. Planktonic cells
and media are removed, ThT solution is added, and the biofilm is resuspended in the ThT
solution. The fluorescence of the resuspended biofilm in ThT indicates quantifies the relative
amount of fibril content in the biofilms.
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Figure 2.
Time-course of ThT fluorescence for biofilms grown in the biofilm ThT plate assay.

Biofilms were grown in 96-well plates and fluorescence was read at timepoints up to 48
hours. A plateau in ThT fluorescence was seen around t = 24 hours. The fluorescence was
guantified according to the protocol in Figure 1.
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Figure 3.
ThT fluorescence of S. mutans biofilms in plate assay with addition of EGCG in PBS. There

was a dose-dependent reduction in ThT fluorescence with increasing EGCG concentration,
up to a 73% reduction in ThT fluorescence at 500 uM EGCG. (* = p < 0.05, ** = p < 0.01,
compared to 0 uM EGCG)
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Figure 4.
ThT Fluorescence of S. mutans with addition of a-sheet peptides 40 uM AP193 (dimerized)

compared to biofilms with only 1.5% DMSO in CO32" added, which causes a 33% (p =
0.007) decrease in ThT fluorescence. 85 UM AP407 caused a 42% decrease in ThT
fluorescence (p < 0.0001) and AP90 caused a 16% reduction in ThT fluorescence (p = 0.02)
compared to controls with only water. However, the beta sheet and random coil control
peptides showed no significant decrease in ThT fluorescence.
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Figure 5.
Transmission electron microscopy (TEM) imaging of biofilms with vehicle only and no

peptide (5A), 100 uM AP90 in 1.5% DMSO in carbonate buffer (5B) and 50 uM AP193
dimer in 1.5% DMSO in carbonate buffer. Addition of a-sheet peptides led to almost no
fibrillar material being visible outside of cells, compared to significant fibrillar material
outside of cells without peptide added.
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Schematic of procedure for hydroxyapatite binding assay. For saliva studies, hydroxyapatite-
ceramic particles were incubated with saliva to form an artificial salivary pellicle with
associated bacteria. Media was then added and samples were grown 24 hours prior to
staining with ThT. For S. mutans only studies, S. mutans in media was added directly to
hydroxyapatite ceramic particles and grown 24 hours prior to ThT staining.
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Figure 7.
EGCG dose response for hydroxyapatite binding assay with S. mutans in media alone (ho

saliva), there was a dose dependent decrease in ThT fluorescence with addition of EGCG, a
53% decrease in ThT fluorescence was seen with 250 uM EGCG, comparable to the
decrease seen in the plate assay. (* = p < 0.05, ** = p < 0.01, compared to 0 uM EGCG)
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Figure 8.
a-sheet peptides added to S. mutans grown on hydroxyapatite ceramic particles led to

significant decreases in ThT fluorescence. 100 uM AP90 reduced ThT fluorescence by 20%,
whereas AP193 monomer and dimer in DMSO (1.5%) in carbonate buffer reduced ThT
fluorescence by 23% and 63%, respectively at low concentrations of 25 uM and 15 pM.
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Whole human saliva samples were obtained from donors, and grown on hydroxyapatite
ceramic particles with solvent only, or with AP193 dimer at 10.5 uM. Addition of peptide to
saliva from every donor led to significant decreases in ThT fluorescence of cells grown on
the hydroxyapatite ceramic particles. The reduction in ThT fluorescence ranged from 27%
(subject 3) to 83% (subject 1). (* = p < 0.05, ** = p < 0.01, compared to vehicle only)
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Table 1.

Peptide used in this study and their secondary structures”

Peptide Name

Secondary Structure

Sequence

AP90 Ac-RGEmMNISWMNEY SGWtMnLKMGR-NH2

AP193 a-sheet Ac-RGEmNYFWMNEYYGWtMnCKkMGR-NH2
AP407 Ac-RGEmMNICWMNEYSGWcMnLKMGR-NH2
P411 B-sheet SWTWEpNKWTWK-NH2

P1 Random coil Ac-KLKpLLTSENTL-NH2

a . . . .
D-amino acids are indicated by lower-case letters and the a.-strand regions are shaded.
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