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This research aims to develop a simple, yet effective assay for mutans
streptococci  (Streptococcus mutans and Streptococcus sobrinus) detection based
on a combination of magnetic separation and selective filtration. Magnetic
nanoparticles (MNPs) synthesized by solvothermal process were first grafted with
poly(acrylic acid) (PAA) bearing active carboxyl groups, readily available for
conjugation with cell wall binding domain (CWBD) of automutanolysin that is specific
to mutans streptococci. The functionalized MNPs were characterized by XRD, FT-IR,
TEM, DLS, and TGA. To determine the bacteria binding, the CWBD-conjugated MNPs
were mixed with bacteria solution and then isolated by a magnet. The isolated
bacteria bound CWBD-conjugated MNPs were re-suspended and then passed through
a membrane (pore size 0.8 um) by vacuum filtration. The intensity of the colored
spots on the membrane was found to increase linearly with concentration of both
targeted bacteria, Mutans streptococci in a concentration range of 1x10° - 1x10’
CFU/mL. The CWBD-conjugated MNPs were more specific to S.mutans and S.sobrinus
with capture efficiency of 77 and 69%, respectively than non-targeted bacteria, S.
salivarius and S. sanguinis with capture efficiency of 15 and 38%, respectively. Taking
a benefit of peroxidase-like activity of MNPs, an addition of TMB and H,0, on the
spots on the membrane could amplify the signal and thus improve the detection
limit of the assay for S. mutans detection from 20 to 8 CFU/mL. With the ease of
operation, high sensitivity and specificity as well as the quick response time, the
colorimetric assay employing CWBD-conjugated MNPs is a promising detection tool

for mutans streptococci detection that may be implemented in clinical setting.
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CHAPTER |
INTRODUCTION

1.1 Inroduction

Dental caries is not life-threatening disease but it has association with
systemic diseases such as respiratory tract diseases, cardiovascular disease, etc [1, 2].
that may lead to risk of severe condition. Moreover, the disease has an impact on
quality of life, especially in children [3, 4]. The caries management at the beginning
mainly focuses on restoration. However, the prevalence of caries remains high. This
condition may be caused by the limitation of lesion detection and also the failure of
restorations. Over decades, the direction of management shifts from restoration to
prevention but the disease has still high prevalence. A clinical judgment in
management of caries may be one of the reasons of the remaining of the high
prevalence. The caries risk assessment is introduced to solve this problem since it
gives information on individual risk of caries status and also the dominant etiological
factors. This information allows the physician to select the particular treatment and

prevention program for a patient [5, 6].

The number of mutans streptococci (MS) is one of factors determined for the
risk of caries since there are evidences showing the association between MS and
caries status [7]. The culture-based method is still widely used to determine the
number of MS. However, the method requires laboratory skill, equipment and also
time for bacterial growth so it is impractical in clinical setting and community field.
With this limitation, the chair-side commercial kits are developed. Even if it is easy to
use and has efficiency similar to the conventional method, it still requires an
incubator and time to grow bacteria. The rapid detection kit based on antigen and

antibody reaction is developed in order to determine the number of bacteria within



15 minutes. There is a study showing that this immunodetection method has higher
efficiency to evaluate the number of MS than the conventional method but the

specificity (90.6%) of the method still needs to be improved. [8]

Automutanolysin - (Aml) is a peptidoglycan hydrolase produced by
Streptococcus mutans. The enzyme selectively digests mutans streptococci,
S. mutans and Streptococcus sobrinus, which are human dental caries pathogens [9].
The substrate specificity towards MS is corresponded to a cell wall binding domain
(CWBD) of the enzyme (unpublished observation). With this substrate specificity,

CWBD can be a probe for detection of MS.

Magnetic separation in combination with size-selective membrane filtration is
a method recently introduced as a versatile, simple and effective method for
bacteria separation/detection [10, 11], Such method is suitable for rapid, low-cost
and easy sensing of pathogen [12]. In this procedure, there are two key steps. The
first step is the magnetic separation in which target pathogens in the sample are
captured and isolated from the medium using the external magnet [10, 13, 14].
Magnetic nanoparticles (MNPs) are usually in magnetite form (formula is Fe;O4) and
have size in a range of 5 to 500 nanometers which can be attracted to magnet [15].
From aforementioned properties, Fe;O4 have been especially useful for the rapid
magnetic separation of bacteria due to response to magnetic field and their large
surface to volume ratio that induces an efficient interaction with the target bacteria
even in a dilute sample containing various background materials [11, 16]. After
capturing and isolating the pathogens using magnetic separation, the complex
collected solution is poured onto a membrane and then vacuum-filtered. Through
this process, the bacteria bound MNPs are concentrated on the filter membrane. If
the MNPs can bind to bacteria, the size of the pathogen bound MNPs would become

much larger so that they cannot ¢o through the pores and retained on the



membrane. Without specific binding with bacteria, the complex should remain
relatively unchanged and can easily pass through the filter membrane [17, 18]. The
intensity of brown spots produced by bacteria-bound MNPs on the filter membrane

can be converted to numeric values of pathogen.

A number of research work have been reported on detection of bacteria by

using MNPs nanocomposites.

In 2009, Cheng et al. [19] prepared the amine-functionalized magnetic
nanoparticles (BMNPs) and immobilized with a specific anti-E.coli antibody for
detection of Escherichia coli (E. coli) in pasteurized milk. The E. coli captured by
magnetic nanocomposites so that they could be isolated easily from the sample
solution by employing a permanent magnetic. The concentration of E. coli captured
with the BMNPs was then detected by ATP bioluminescence assay. The method

could detect E. coli in pasteurized milk ranging from 2x10" to 2x10° CFU/mL.

In 2009, Tumturk et al. [20] have reported both the activity and specific
binding capacity of ferritin antibodies on the surface of MNPs. Silica-, silver- and
polydopamine (PDA)-coated MNPs were first modified with
3-aminopropyltriethoxysilane (APTES) then conjugated anti-ferritin by using 1-ethyl-3-
(3-dimethylaminopropyl)-carbodiimide (EDC)/ N-hydroxysuccinimide (NHS) coupling
chemistry. Amongmong all anti-ferritin-conjugated MNPs, the PDA-coated MNPs

showed higher activity and stronger affinity for the specific antigen than others.

In 2013, Sung et al. [17] prepared novel antibody/AuNP/MNP nanocomposites
for the rapid colorimetric detection of Staphylococcus aureus (S. aureus) in the pure
and milk samples. MNPs and AuNPs were used as platforms for magnetic separation
and signal generation, respectively. The nanocomposites were synthesized by coating

the MNPs with bovine serum albumin (BSA). The AuNPs were effectively attached to



the MNPs surface by electrostatic interactions with BSA. After that, anti-S. aureus was
conjugated with nanocomposites via EDC/NHS coupling. The overall concept of
bacterial detection is displayed in Figure 1.1. The target bacteria in the pure sample
could be detected with LOD of 1.5x10° CFU/mL while 1.5x10° CFU/mL of S. aureus in

the milk sample could be distinguished from the negative control.

Concentration
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Figure 1.1 Magnetic separation and colorimetric detection process for the S. aureus

sensing using antibody/AuNP/MNPs and selective filtration method.

In 2014, Shim et al. [18] developed a selective filtration method using MNPs
modified with monoclonal antibody (MAb) for the rapid and sensitive colorimetric
detection of Samonella typhimurium (S. typhimurium). Antibody was immobilized on
MNPs using EDC as a coupling agent. The MAb-MNPs nanocomposites were isolated
using a magnet. After that, the nanocomposites were transferred onto the filter
membrane with 0.8 micron pore size under vacuum. The color intensity on the
membrane was quantified and averaged for each sample. The detection limit (LOD)

of the method was found to be 1.5><1O3 CFU/mL.



In 2014, Shim et al. [12] developed the method for the rapid colorimetric
detection of Listeria monocytogenes (L. monocytogenes) by using MNPs
nanocomposites. The MNPs were conjugated with monoclonal antibody (MAb) which
is specific to L. monocytogenes via EDC/NHS coupling. The nanocomposites bound
and unbound to L. monocytogenes after being isolated by an external magnet were
directly passed through the polydimethylsiloxane (PDMS) membrane by vacuum
filtration, and the color signals from bacteria-MNPs nanocomposites that remain on
the membrane were measured, reflecting the amount of L. monocytogenes in a
sample. The concept is shown in Figure 1.2. The method could detect
L. monocytogenes in the samples in a concentration range of 2><1O1 to 2><1O3
CFU/mL. Capture efficiencies of the MNPs nanocomposites were confirmed to be 48,
63and 89% for bacteria having concentration of 103, 102, and 1O1 CFU/mL,
respectively. The limit of detection (LOD) of the method in a pure pathogen solution

and vegetable samples were 2x10” and 1x10° CFU/mL, respectively.
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Figure 1.2 Schematic diagram of a selective filtration method based on a
monoclonal antibody (MAb)-conjugated magnetic nanoparticle (MNP) for the rapid

and sensitive detection of L. monocytogenes [12].



Although a number of researches have been reported on the detection of
bacteria, all of them are based on antibody-conjugated with MNPs, To the best of
our knowledge, there have been no reports on the use domain of enzyme generated
by bacteria as biomolecular probe for the assay based on magnetic
separation/selective filtration and none have been reported on the detection of

mutans streptococci for caries risk assessment.

A number of polymers such as dextran, [21] polystyrene (PS), [22, 23]
poly(acrylic acid) (PAA) [24, 25] have been coated on MNPs to increase stability and
dispersibility of the MNPs. The polymeric stabilizer can increase the affinity of MNPS
for specific solvent and inhibit particle aggregation [26-29]. Polymer-grafted MNPs
nanocomposites formed a very stable dispersion in organic solutions and remained
dispersed for an extended period of time [30-32]. Among the methods for preparing
polymer-coated nanoparticles, surface functionalization by grafting of polymer is one
of the most effective methods. The surface properties can be widely changed by
choosing a variety of functional monomers. Two methods are generally used to
functionalize nanoparticles via the formation of covalent polymer-bounded layers
onto the surface of particles: “grafting from” and “grafting onto” [33]. The “grafting
from” method involves polymer chain growing from surface-attached initiator. So,
this method provides high grafting density. For the “grafting to” method, polymer is
grafted on the surface. The method is simple, but the grafting density may be low
because steric hindrance of the polymer chains previously attached to the surface.
MNPs can be functionalized well-defined polymers of desired grafting density using
either method. Recently, surface-initiated graft polymerization to control the
molecular weight of the graft chains on MNPs using several techniques such as free

radical polymerization cationic and anionic [30, 33-35]. The polymerization that yield



polymer well-controlled molecular weight and molecular weight distribution of
polymer chain can be called controlled polymerization [26, 36, 37]. RAFT
polymerization is one of a controlled radical polymerization method that has widely
been applied for polymerization of a wide range of functional monomers such as

acrylic acid, [38] styrene, [22] (meth)acrylates [30].

The RAFT process is a controlled radical polymerization technique that
operates via a degenerative transfer mechanism in which a thiocarbonylthio
compound acts as a chain transfer agent (Figure 1.3). RAFT polymerization provides
many advantages: applicability for various water-soluble monomers, lack of metal

catalyst use which is desirable for using in bio-application.
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Figure 1.3 Generally accepted mechanism for RAFT polymerization.

Many research works have reported on preparation of polymer-grafted MNPs

nanoparticles via RAFT polymerization:

In 2006, Wang, et al. [22] synthesized MNPs nanoparticles grafted with
polystyrene (PS) and poly(acrylic acid) (PAA) via RAFT process. Peroxides and

hydroperoxides were generated on the surface of MNPs nanoparticles via ozone



pretreatment. Ozone pretreatment was similarly used to introduce active species on
the surface of the MNPs, which then acted as macroinitiators for polymerization of
styrene and acrylic acid. Under thermal induction, the peroxide functional groups
undergo decomposition to initiate the free radical graft polymerization of vinyl
monomers. The resulting core-shell MNPs-g-PS and MNPs-g-PAA nanocomposites

formed stable dispersions in the organic solvents for PS and PAA, respectively.

In 2008, Chiu et al. [39] have reported the immobilization of PAA (MW ~
2 kDa) onto the surface of magnetic nanoparticles. PAA contains a number of active
carboxyl groups which are capable of chelating with Fe;O4 nanoparticles and acting
as proton source for protonation of analyte. The PAA-grafted MNPs nanocomposites
can be wused as matrix for surface-assisted laser desorption ionization-mass
spectrometry (SALDI-MS) analysis without the addition of extra proton source.
Biomolecules, namely bradykinin, mellitin, and insulin were used as samples for

feasibility test. The upper detectable mass limit in this report was ~6 kDa.

In 2011, Wang, et al. [40] grafted diblock copolymer brushes of poly(ethylene
glycol) monomethacrylate and N-isopropylacrylamide (P(PEGMA)-b-PNIPAA) on the
surfaces of magnetic nanoparticles (MNPs)  using  surface-induced  RAFT
polymerization.with the aim to decrease the non-specific adsorption of proteins on
MNPs. The diblock copolymer brushes on MNPs surfaces were synthesized MNPs
modified with P(PEGMA)-b-PNIPAA was incubated with bovine serum albumin (BSA),
lysozyme and Y-globulin. The UV-vis absorbances of proteins incubated with
P(PEGMA)-b-PNIPAA-MNPs  rarely decreased suggesting that no proteins were
adsorbed on the modified MNPs. From the results, the grafted P(PEGMA)-b-PNIPAA

can decrease the nonspecific adsorption of protein on MNPs.



In 2013, Sahoo et al. [37] prepared magnetite nanoparticles (MNPs) grafted
with poly(N-isopropylacrylamide)-block-poly(acrylic acid) (PNIPAM-b-PAA) copolymer
for targeted delivery of anticancer drug. PNIPAM-b-PAA was synthesized by RAFT
polymerization and then attached to the amine-functionalized MNPs via EDC/NHS
method. After that, doxorubicin (DOX), an anticancer drug was loaded into the
nanocomposites. From in vitro investigation, DOX-loaded nanocomposites achieved
excellent efficacy for simultaneously targeting and destroying cancer cells. DOX-MNPs
nanocomposites release the anticancer drug preferably at pH 5.0 and temperature of

37 °C.

In 2015, Li, et al. [26] prepared superparamagnetic iron oxide nanoparticles
(SPIONs) loaded with polymeric micelles by self-assembly of amphiphilic
(poly(2,2,3,4,4,4-hexafluorobutyl methacrylate-co-methacryloxyethyl trimethyl
ammonium chloride)-g-poly(ethylene glycol) monomethacrylate) copolymers which
was synthesized via RAFT polymerization and conjugated with folate bovine serum
albumin (FA-BSA) specific tumor marker by electrostatic interactions. FA-BSA modified
and SPIONs-loaded polymeric micelles were used for studying folate-receptor
overexpressed cancer targeting and MR imaging in vitro and in vivo. From
experiment, magnetic micelles can be specifically assembled into the tumor tissues
in vivo. It was also found that a limited contribution of passive mechanisms to tumor

tissue retention of the magnetic micelles.

In 2016, Dutta, et al. [38] synthesized poly(N-isopropylacrylamide-ran-
poly(ethylene glycol) methyl ether acrylate)-block-poly(acrylic acid) (P(NIPAM-r-
PEGMEA)-b-PAA) synthesized by RAFT polymerization was covalently grafted on
APTES-modified iron oxide surfaces. In vitro controlled release of DOX from the
nanocomposites in different pH and temperature were investigated. As evaluated by

MTT assay, apoptosis of ME 180 cervical cancer cells were found in the presence of
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the polymer-iron oxide nanocomposites loaded with DOX suggesting that DOX can
be released desired at lysosomal pH (pH=5) and temperature (T=37 °C) within cancer

cells.

MNPs have the properties of magnetic separation and enrichment. Fe;Oq4
possess intrinsic peroxidase-like activity, which can catalyze oxidation of 3,3’,5,5’-
tetramethylbenzidine (TMB) and  hydrogen peroxide (H,O,) to develop colour
reaction [41, 42]. MNPs exhibited an intrinsic enzyme mimetic activity similar to that
found in HRP (horseradish peroxidase) and natural peroxidase, though MNPs
nanocomposites are usually thought to be biological and chemical inert [43]. MNPs
enzyme mimics have several advantages above traditional natural enzymes, (a) the
catalytic property of MNPs nanocomposites is more stable than the peroxidases such
as HRP, which is weak to the reaction conditions. (b) iron oxide nanocomposites have
the properties of magnetic separation and enrichment, which can facilitate the
biological applications. (c) The preparation of MNPs is basic and low cost, while the
preparation and purification of natural enzymes are usually time-consuming and
expensive. (d) MNPs nanocomposites are able to catalyze the color reaction in a
much broader pH range than standard enzymes and (e) Fe;O, nanocomposites can
be used to capture and separate the pathogen from the sample with a permanent
magnet, which integrates the sample preparation with demonstration, thus,

accommodates the all analysis process [44, 45].
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Fe(llyOH + H,0, —=  Fe(lll)xOOH + H,0

Fe(llFOOH ——  Fe(ll) + *OOH

Fe(l) + H,0, —=  Fe(lll)-OH + *OH

H:}C CH3
H3C CH3 — —
+ 2*0H ~— THN — NH
HsC CH
HSC CH3 2 3
TMB TMB diimine
(colourless) (blue)

Figure 1.4 TMB can act as a hydrogen donor for the reduction of hydrogen peroxide
to water by MNPs nanocomposites, the resulting diimine causes the solution to take

on a blue color.

Many research works has been reported on the use of MNPs nanocomposites

to catalyze the color reaction of TMB in the presence of H,0,:

In 2008, Zhuang, et al [45] develop a spectrometric method using MNPs as
catalyst to measure H,0O, in rainwater. In this experiment, MNPs and HRP were used
to catalyze the oxidative reaction of H,0, to develop color reaction and the limit of
detection (LOD) was investigated. From the results, the limit of detection (LOD) for
MNPs and HRP in H,0, sample was found to be 1.75x10" and 1x10 ", respectively.
This data suggested that MNPs could be used as a promising catalyst, which possess

equivalent detection limit as compared with HRP.

In 2008, Gao, et al [41] developed a magnetic nanoparticle-linked
immunoassay by using chitosan-modified iron oxide nanoparticles (CS-MNPs) as a
replacement of enzymes in conventional ELISA configuration. The color reaction of
TMB in the presence of H,0, was used to demonstrate the catalytic activity of the

CS-MNPs. Chitosan was employed to prevent aggregation and promoted dispersion of
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MNPs in aqueous solutions. CS-MNPs were functionalized with anti-CEA
(Carcinoembryonic antigen) antibody (M111147) through cross-linking amine groups
on the surface of the MNPs with the amine groups of the antibodies via
glutaraldehyde. The functionalized MNPs were mixed with the samples containing
CEA in different concentrations. The number of CEA in the sample was quantified by
measuring the optical density at 652 nm. From a result of the assay, this capture-
detection immunosorbent assay based on CS-MNPs has a detection limit of about

1 ng/ml for CEA.

In 2010, Zhang, et al [43] developed MNPs-linked colorimetric assay for the
determination of thrombin based on the enzyme-linked immunosorbent assay
(ELISA). Chitosan-modified iron oxide nanoparticles (CS-MNPs) were synthesized and
used as peroxidase mimic for the determination of thrombin. Biotinylated thrombin
aptamer 1 was first loaded into a 96-well plate by streptavidin binding. Then, amino-
terminal thrombin aptamer 2 was conjugated to the CS-MNPs via glutaraldehyde
coupling. After that, a sample and aptamer 2 conjugated MNPs were added into the
96-well plate having immobilized aptamer 1. The signal due to the binding was then
amplified by having MNPs acting as peroxidase catalyst for TMB in the presence of
H,O,. The results showed that the calibration curve of absorption values at 652 nm
with the thrombin concentrations was linear in a range from 1 to 100 nM and the

limit of detection (LOD) was estimated to be 1 nM.

In 2013, Woo, et al [42] detects retroviruses and breast cancer cells by using
MNPs naocomposites. Magnetic nanoparticle (MNPs) was immobilized with
monoclonal antibody (MADb), which is specific to retroviruses or breast cancer cells.
After the MAb-functionalied MNPs were bound with the target microorganism, TMB
and H,0O, were added to the sample to produce detection signals, which reflected

the amount of retroviruses and breast cancer cells in the sample. The catalytic
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activity of HRP and MNPs-MAb were compared. It was found that the catalytic activity

of MNPs is more stable than HRP.

In 2015, Park et al. [44] developed a rapid colorimetric system based on
MNPs and DNA aptamers for the detection of Samonella typhimurium
(S. typhimurium), which relies on increasing signal from the peroxidase-like activities
of MNPs (Figure 1.5). MNPs display enzyme-like activities, they can undergo color
changes with the help of a colorimetric substrate. MNPs were first incubated with
aptamers that specifically interact with the Salmonella species. After the addition of
S. typhimurium to the solution, specific aptamers on the MNPs interact with the
Salmonella. Bacteria bound MNPs nanocomposites were concentrated by a magnet,
followed by signal enhancement by the peroxidase activity of the MNPs. From the
intensity of absorbance at 650 nm, the aptamers-MNPs nanocomposites can be used

for the colorimetric detection of S. typhimurium.

Detaching aptamers

7

‘V’k TMEB * Separation
—p
H,0,
A A
o %
No target L Nooxidation Separation  F=—=—y
\ 3
e and H,0, {3 B * A
@ MuP 7 TMB
{1 Aptamer H, 0, Hydrogen peroxide
, S. typhimurium

Figure 1.5 Schematic illustration of the MNP-based colorimetric detection using

label-free DNA aptamers and TMB [44].
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Inspired by aforementioned research, this research aims to develop a
versatile, simple and effective method for mutans streptococci separation/detection
based on magnetic separation in combination with size-selective filtration method
using CWBD-conjugated magnetic nanoparticles (CWBD-conjugated MNPs) following
the concept shown in Figure 1.6. MNPs were first grafted with poly(acrylic acid) (PAA)
via RAFT polymerization. The CWBD was then conjugated with carboxyl groups of
PAA via EDC/NHS coupling chemistry. The assay consists of two key steps. First,
external magnetic field was applied to separate and concentrate S. mutans along
with  CWBD-conjugated MNPs from tested solution. The S.mutans-bound CWBD-
conjugated MNPs isolated by external magnet are then filtered through a
nitrocellulose membrane by vacuum. With appropriate pore size of the membrane,
the S. mutans-bound CWBD-conjugated MNPs remained on the membrane can be
detected colorimetrically by naked eye. Taking advantage of peroxidase-like activity
of MNPs, the signal was further amplified by introducing TMB as a substrate together

with H,O, on membrane surface.

PAA-CWBD

TMB + H,0,
_ \ O o
F|Itrat|on ﬁ Signal enhancement 8. M

Magnet Cellulose membrane Cellulose membrane

Figure 1.6 Schematic representation of colorimetric detection of mutans streptococci

with MNPs grafted with PAA and immobilized with CWBD of Automutanolysin.
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1.2 Objectives

1. To prepare and characterize the CWBD-conjugated MNPs
2. To study the usage of the CWBD-conjugated MNPs for detection of mutans
streptococci.

1.3 Scope of investigation

The stepwise investigation was carried out as follows:

1. Literature survey for related research work.

2. To synthesize and characterize MNPs by solvothermal method.

3. Preparation and characterization of PAA-grafted MNPs by surface-initiated
RAFT polymerization.

4. Immobilization of CWBD of Automutanolysin  on PAA-grafted MNPs via
EDC/NHS coupling.

5. Separation and colorimetric detection of mutans streptococci using CWBD-

conjugated MNPs by magnetic separation and selective filtration method.



CHAPTER Il
EXPERIMENTAL

2.1 Materials

Iron (lll) chloride hexahydrate (FeCl; 6H,O) was purchased from Merck.
3-Aminopropyltriethoxysilane  (APTES),  4,4-azobis(4-cyanovaleric  acid)  (ACVA),
4-cyano-4-(phenylcarbonothio) pentanoic acid (CPD), 4-(dimethylamino)pyridine
(DMAP),  N,N’-dicyclohexylcarbodiimide (DCC), dimethylformamide (DMF), urea-
hydrogen peroxide (H,O,) and 3,3’,5,5’-tetramethylbenzidine (TMB), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide (EDC), N-hydroxysuccinimide (NHS), acrylic acid
monomer (AA), sodium acetate (NaAc) and ethylene glycol were bought from Sigma-
Aldrich. Phosphate buffered saline (PBS, pH 7.4), and cellulose acetate membrane
(CA membrane) with a 0.2, 0.45, 0.8 and 1.2 um pore size were purchased from
Chemical Express. All reagents and materials are analytical grade and used without
further purification. Ultrapure distilled water was obtained after purification using a
Millipore Milli-Q system (USA) that involves reverse osmosis, ion exchange and a

filtration step.

2.2 Equipments
2.2.1 Fourier Transform-Infrared Spectroscopy (FT-IR)

The FT-IR spectra were recorded in KBr discs with a FT-IR spectrometer
(Nicolet, USA), model Impact 410, with 32 scans at resolution 4 cm’L A frequency of

400-4000 cm’ was collected by using TGS detector.

2.2.2 Thermogravimetric Analysis (TGA)

Thermogravimetric analysis (TGA) was carried out employing a

Diamond TG/DTA (PerkinElmer Instruments, China) and tests were operated under a
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dynamic nitrogen atmosphere flowing in a temperature range of 30-900°C and the

heating rate was set at 20°C/min.

2.2.3 Transmission Electron Microscopy (TEM)

The morphology and actual size of particles were evaluated by a JEOL
JEM-2010 transmission electron microscopy (TEM) (Japan) operated at 120 kV
equipped with Gatan model 782 CCD camera. A sample solution in Milli-Q water was
directly cast onto carbon-coated copper grids and dried in a dessicator prior to
analysis. The average diameters were reported from measurements of 30 random

particles for each sample using Semafore software.

2.2.4 X-ray Diffraction (XRD)

The phase structures of MNPs were characterized by powder X-ray
diffraction (XRD, D/Max) with CuKQL radiation (A radiation = 0.15418 nm).

2.2.5 Dynamic Light Scattering (DLS)

The particle size and zeta potential of the MNPs were measured by
dynamic light scattering (DLS). The MNPs suspensions were diluted in Milli-Q water
and placed into a cuvette. The measurements were taken at 25°C three times for
each sample using Malvern Nano ZS90 Instruments Ltd., Worcestershire, UK to
determine the intensity average size distribution and z-average diameter. Zeta-
potential measurements of these MNPs suspensions were also determined using the
same instrument. The suspensions were diluted with Milli-Q water and added into

zeta-cell and measurements were taken three times for each sample at 25°C.
2.2.6 Scanner
The scanned images of the tested results on filter papers were

recorded on Epson Perfection V33 scanner in 24 bits Professional mode. The

brightness/contrast/resolution was set to 128/128/300. The images were saved as
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TIFF-files. The intensity of each spot was determined using Scion Image software by
first converting to gray scale at 300 dpi. Intensity measurements were carried out

using the Line tool to select area for analysis to obtain profile images.

2.3 Experimental Procedure
2.3.1 Preparation of Cell Wall Binding Domain of Automutanolysin

The cell wall binding domain (CWBD) gene was amplified by
polymerase chain reaction (PCR) using Streptococcus mutans genome as a template.
The amplified gene was inserted into pColdlll that was modified to carry histidine
nucleotide sequences. The recombinant plasmid was then transformed into
Escherichia coli BL-21. To express the His-tagged CWBD protein, E. coli BL-21 was
grown until reach ODggom Of 0.4-0.6 and then induced the expression of protein by
an addition of 1 mM isopropyl--D-thiogalactoside (IPTG) and incubated at 15°C for
24 h. The protein was purified using HIS-Select” Nickel Affinity Gel (Sigma-Aldrich
Corp., St. Louis, MO, USA) under native condition. The active fractions will be pooled
and dialyzed against 0.1 M phosphate buffer (pH 6.8). The concentration of protein

was measured by using the Bradford protein assay.

2.3.2 Synthesis of MNPs by Solvothermal Method

In a typical procedure for the preparation of MNPs by solvothermal
method, 1.35 g FeCl;6H,0 was dissolved in 20 mL of ethylene glycol with vigorous
stirring. After the solution became colorless, 3.6 ¢ NaAc was added with continuous
stirring for 30 min at room temperature. Then the mixture was transferred into a 50
mL Teflon-lined stainless-steel autoclave and reacted at 170 °C for 12 h. After the
reaction was complete, the autoclave was cooled down to room temperature. The

formed black Fe;O; nanoparticles were collected under external magnetic field,
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rinsed with ethanol for 10 times, and dried at 60 °C to yield black powder of MNPs.
(69% yield)

2.3.3 Preparation of PAA-grafted MNPs

PAA was grafted on MNPs surface via “grafting from” method. MNPs
were first immobilized with APTES. Briefly, 0.1 ¢ of MNPs was first dispersed
ultrasonically in 100 mL of 9:1 (v/v) ethanol-water mixture having added 1 mL of
ammonia solution for 30 min. To the above dispersed solution, 1 mL of APTES was
added dropwise and the resulting mixture was stirred at room temperature for 12 h.
Thereafter, the obtained APTES-modified MNPs were magnetically concentrated,
washed thoroughly with ethanol, and then was vacuum dried.

The APTES-modified MNPs were immersed in 20 mL DMF containing
ACVA (37.5 mmol), DCC (47.0 mmol) and DMAP (3.74 mmol) at room temperature for
20 h under nitrogen atmosphere. After the reaction was complete, the product was
rinsed thoroughly with DMF and ethanol for four times each. The obtained initiator-
immobilized MNPs were then placed in a vial containing ACVA (0.5 mmol), CTA
(5 mmol), and AA (0.8 mol) in 10 mL of Milli-Q water. The vial was then placed in a
pre-heated oil bath at 70 °C for 20 h under nitrogen atmosphere. The resulting
surface-grafted PAA were removed from the vial and washed with ethanol and

Milli-Q water, respectively (Figure 2.1).



20

~OH

Q_OH APTES dé;j‘sr' N,

~oH RT,12 h
Bare MNPs APTES-modified MNPs
(o] CN
DCC, DMAP, DMF HO LM<y _OH
CN o
o P
I . |
MO ”
) CN S (o] CN
° A~
o \ —_— 0. No A OH
S S e 1 T
o H \ n CN (o]
CN : S OH
HO (+] AA

PAA-grafted MNPs initiator-immobilized MNPs

Figure 2.1 Preparation of PAA-grafted MNPs via surface-initiated RAFT polymerization

2.3.4 Immobilization of CWBD on PAA-grafted MNPs

PAA-grafted MNPs were conjugated with CWBD of Automutanolysin via
the EDC/NHS coupling method as follows. 5 mg of PAA-grafted MNPs were dispersed
in 1 mL of 0.01 M PBS, pH 7.4. To this, 0.1 mL of EDC (2 M) and NHS (0.5 M) were
added to and then the mixture was incubated for 30 min at room temperature under
shaking at 240 rpm on a rotary shaker. 0.1 mL of CWBD (1 mg/mL) was added to the
mixture and incubated for 24 h at 4 °C. Finally, the CWBD-conjugated MNPs were
isolated using a magnet and rinsed with 0.01 M PBS, pH 7.4 and milli-Q water,

respectively. The product was stored at 4 °C until use.

Amide binding Q

EDC, NHS

Figure 2.2 Conjugation of CWBD with PAA-grafted MNPs via EDC/NHS coupling.
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2.3.5 Oxidative Catalytic Property of MNPs.

In a typical procedure, TMB solution (10 mg/mL in DMSO) and H,O,
(30 % (w/w) in H,0O) were consecutively spotted on a membrane. After 50 s, the
membrane was washed with Milli-Q water. The color intensity of the membrane was
quantified and averaged from three independent samples for each sample using the
scanned images of the tested results on the filter membrane recorded on Epson
Perfection V33 scanner in 24 bits Professional mode. The quantity of each reagent

was varied to find an optimal ratio for signal amplification as shown in Table 2.1

Table 2.1 Various quantities of TMB, H,O, and MNPs for optimization.

Reagent Quantity

TMB (10 mg/mL in DMSO) 0,0.5,1,1.5,2,25and 3 pL

0,0.1,0.2,0.3,04,0.5,0.6,0.7,0.8,0.9, 1.0
H,O, (30 % (w/w) in H,0)
and 1.1 pL

0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45
MNPs
and 0.5 mg

2.3.6 Bacterial Culturing

S. mutans, S. sobrinus, S. salivarius and S. sanguinis were cultured in
brain heart infusion (BHI) broth at 37 °C under 5% CO, atmosphere with 180 rpm
shaking for 24 h. The optical density of 24-hours culture was measured at the
wavelength 600 nm. The cultures were then diluted to ODgggnm Of 0.1 and incubated

for 2.5 h to obtain ODgypnm of 0.5 (= 10" CFU/ml). After that, the bacterial cultures
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were ten-fold serially diluted from 10" to 10° CFU/ml with 0.01 M PBS, pH 7.4. The

colony count was performed to verify the number of bacteria.

2.3.7 Determination of Bacteria Capturing by CWBD-conjugated MNPs

Capturing of designated bacterial strain (S. mutans, S. sobrinus,
S. salivarius and S. sanguinis) by CWBD-conjugated MNPs was determined. Briefly, 0.1
mL of bacterial solution having varied concentration in a range of 1x10° to 1x10'
CFU/mL was transferred into 1.5 mL tube containing 0.2 mL of CWBD-conjugated
MNPs solution (0.15 mg/mL in 0.01 M PBS, pH 7.4) and then incubated for 30 min at
4 °C. After incubation, the tube was placed in a magnet for 10 min to isolate and
concentrate the bacteria-bound CWBD-conjugated MNPs. The supernatant was
removed and bacteria-bound CWBD-conjugated MNPs were re-suspended in 0.1 mL
of 0.01 M PBS, pH 7.4. A filter membrane with selected pore size (0.2, 0.45, 0.8, and
1.2 pym) was wet with 0.01 M PBS, pH 7.4 before being placed on a 1L-Erlenmeyer
flask equipped with an aspirator. 50 pL of the bacteria-bound CWBD-conjugated
MNPs suspension was poured onto the membrane under vacuum.as shown in
Figure 2.3. The color intensity on the membrane which reflected the amount of
bacteria of the sample was quantified and averaged from three independent samples
using the scanned images of the tested results on the filter membrane recorded on
Epson Perfection V33 scanner in 24 bits Professional mode. For signal amplification,
the membrane was consecutively spotted with optimized quantity of TMB and H,0,
that yielded the highest signal amplification identified in 2.3.5. After 50 s, the
membrane was washed with Milli-Q water. The color intensity on the membrane was

quantified by a similar method as mentioned above.
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Figure 2.3 Magnetic separation and selective filtration process of mutans streptococci

using CWBD-conjugated MNPs.



CHAPTER IlI
RESULTS AND DISCUSSION

3.1 Preparation and characterization of PAA-grafted MNPs and CWBD-

conjugated MNPs

MNPs were synthesized by solvothermal method. As shown in Figure 3.1, XRD
pattern of MNPs shows diffraction peaks at 20 = 30.12, 35.48, 43.12, 57.02 and 62.62
which can be assigned to (311), (440), (220), (511), and (400) planes of FesQ,,
respectively. This characteristic coincides with that of the standard magnetite

(JCPDS 19-629). No other diffraction peaks corresponding to ferrite nitrite or other

iron oxide, such as Ol-Fe,0O; and Y-Fe,Os;, could be detected suggesting that the

obtained MNPs are in the form of pure Fe;O.
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Figure 3.1 XRD pattern of bare MNPs nanoparticles prepared by solvothermal

method.

PAA-grafted MNPs was prepared by surface-initiated RAFT polymerization. The

success of stepwise surface modification of MNPs was confirmed by FT-IR as shown in
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Figure 3.2. A characteristic Fe-O vibration of the unmodified MNPs (Figure 3.2a) is
observed at 584 cm. The spectrum of PAA-grafted MNPs (Figure 3.2b) shows a band
at 1740 cm&, which is assignable to C=0 stretching of carboxyl groups of PAA. Such
signal disappeared upon CWBD conjugation (Figure 3.2¢) indicating that amide linkage

was formed between carboxyl groups of PAA and amino groups of the enzyme.

stretching
(1740 cm™) Fe-O

stretching
(584 ecm)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (ecm-1)
Figure 3.2 FT-IR spectra of MNPs: (@) unmodified, (b) grafted with PAA and (c)

conjugated with CWBD.

Figure 3.3 illustrates the morphology of MNPs before and after modification as
examined by TEM. The unmodified MNPs (Figure 3.3a) are spherical with an average
diameter of 328.2 + 22.7 nm. The average diameter of MNPs correspondingly
increased upon surface modification especially after CWBD conjugation to 357.4 +
19.2 and 745.5 + 29.9 nm for PAA-grafted MNPs (Figure 3.3b) and CWBD-PAA-MNPs
(Figure 3.30), respectively. Higher degree of aggregation was also realized in the case
of CWBD-conjugated MNPs. This may be ascribable to the conjugation with relatively

large molecules of CWBD (MW = 80 kDa).
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Figure 3.3 TEM micrographs of (a) bare MNPs, (b) PAA-grafted MNPs, and (c) CWBD-

conjugated MNPs (scale bar 1um (top) and 0.5 pm (bottom), respectively).

The particle size and zeta potential of the MNPs were also evaluated by DLS
of which data are listed in Table 3.1. In good agreement with the TEM data, the
average size of MNPs became increasingly larger after PAA grafting and CWBD
conjugation. The pKa of PAA is 4.5 [22] and the isoelectric point of CWBD [9] is
approximately 5.17 which should result in both PAA and CWBD being negatively
charged in PBS solution (pH of 7.4, with PAA being more negatively charged. For this
reason, the PAA-grafted MNPs exhibited a negative zeta potential of -31.43 mV
verifying the presence of ionizable carboxyl groups of PAA surrounding the MNPs.
After CWBD conjugation, the zeta potential of the MNPs became less negative (-14.40
mV), which was due to CWBD being less negatively charged than PAA. This result

indicated the successful immobilization of CWBD on the PAA-grafted MNPs.
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Table 3.1 Average size and zeta potential of MNPs measured by DLS.

Hydrodynamic Zeta potential
Sample PDI
(nm) (mV)
Bare MNPs 318.40118.21 0.30 -18.0
PAA-grafted MNPs 460.21£20.98 0.37 -31.43
CWBD-conjugated MNPs 626.90£20.12 0.31 -14.40

The presence of organic components of PAA and CWBD on PAA-grafted MNPs
and CWBD-conjugated MNPs was further confirmed by TGA. As shown in Figure 3.4,
the first weight loss of all MNPs took place at below 200 °C which should be
originated from evaporation of water. CWBD-conjugated MNPs shows the highest
weight loss of about 3.44%, implying that they contained the greatest of bound
water content. The second weight loss occuring in a temperature range of 300-600 °C
could be ascribed to the decomposition of organic contents bonded to MNPs. The
greater weight loss of 9.13 and 9.80% of PAA-grafted MNPs and CWBD-conjugated
MNPs, respectively than that of MNPs (5.47%) confirmed the presence of PAA and
CWBD on MNPs. The third weight loss appearing at the highest temperature (>730 °0)
in both PAA-grafted MNPs and CWBD-conjugated MNPs should be a contribution of
char of macromolecular organic content (PAA and CWBD) on the MNPs because such

weight loss was absent in MNPs curve.
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Figure 3.4 TGA (under N,) curves of (a) unmodified MNPs, (b) PAA-grafted MNPs, and

(c) CWBD-conjugated MNPs analyzed with a heating rate of 20°C/min.

Molecular weight (M) and functional group of PAA simultaneously formed
in solution from the “added” initiator were determined by 'H NMR analysis. As
shown in Figure 3.5, the characteristic "H NMR peaks of the methylene proton in the
AA unit (-CH(COOH)) and those aromatic protons of the dithiobenzoate group at the
chain end of PAA appeared at 2.1-2.3 and 7.2-7.9 ppm, respectively. The average M,
of PAA was calculated from the relative ratio between the peak integration of
protons from the PAA backbone and the peak integration of protons from the
dithiobenzoate groups using egn. 3.1. The fact that the calculated M, of 8465 g/mol
closely resembled the anticipated value (7206 g/mol) for the target degree of

polymerization (DP) of 100 suggested that the RAFT process was well controlled.
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M (acrylic acid) = 72.06 g/mol, M, (CTA) = 279.38 g/mol

3.2 Selection of Filter Membranes Suitable for Selective Filtration Assay

To identify filter membrane with an appropriate pore dimension that can
separate  CWBD-conjugated MNPs bound with bacteria, selective filtration was
performed using filter membranes having varied pore size. As seen in Table 3.2, the
pore size of 0.2 pm seems to be too small so that it cannot distinguish the CWBD-
conjugated MNPs between before and after capturing both bacteria (S. mutans and
S. salivarius) that are specific to the CWBD. The pore was small so that even the
unmodified MNPs cannot go through the membrane so as the PAA-grafted MNPs. This
outcome agree well with the dimension of the unmodified MNPs which had a size of

approximately 320 nm (about 0.32 pm) as identified by TEM and DLS. Increasing the
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pore size to 0.45 pym, the intensity of CWBD-conjugated MNPs on membrane was

relatively high regardless of bacteria binding. This is not surprising given that the size

of CWBD-conjugated MNPs (7455 + 29.9 and 626.90 £ 20.12 nm as evaluated by
TEM and DLS, respectively) is definitely larger than the pore size. And only
unmodified and PAA-grafted MNPs can go through the pores. As anticipated, selective
filtration worked effectively using the filter membrane with pore size of 0.8 um. The
brown stain was so intense once the CWBD-conjugated MNPs bound with bacteria
especially in the case of S.mutans implying greater specificity of the CWBD towards
S.mutans as compared with S. salivarius. The membrane with the pore size of 1.2
um was rather too large so that most of MNPs can pass through the membrane even
with bound bacteria in the case of CWBD-conjugated MNPs. The filter membrane

with pore size of 0.8 um was therefore selected for further investigation.
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Table 3.2 Color signal andits corresponding intensity of the spot on the
nitrocellulose membrane having varied pore size after filtering MNPs, PAA-grafted

MNPs, CWBD-conjugated MNPs both before and after bacteria capturing.

. S. salivarius- S. mutans-
Pore size MNPs PAA-MNPs | CWBD-MNPs CWBD-MNPs CWBD-MNPs

162.35

0.38

inches .40

Intensity 132.88 128.73 131.70 119.83 129.92

®» e e ©° o

170.38
0.45pm
oo /\/‘\ /\ m f"\
0 inches 145
Intensity 21.70 81.12 118.60 118.16 120.18

143.21
0.8 pm
0.00 ST~ il ¥ /\

0 inches 1.45

Intensity 21.70 30.15 40.13 80.54 141.65

67.06
1.2 pm
30.06 /\IJ\N\
0 inches 1.46
Intensity 10.23 12.74 16.14 23.18 31.84

3.3 Determination of Peroxidase-like Activity of MNPs

In order to utilize the catalytic activity of MNPs in the oxidative reaction of

TMB in the presence of H,0O, to develop color reaction, we first tested whether the
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catalytic activity of MNPs deposited on filter membrane were dependent on the
amount of TMB, H,0, and MNPs as shown in Figure 3.6. To identify an optimal
quantity of TMB substrate for oxidation in the presence of H,0,, TMB volume was
varied in a range of 0 to 3 pL. The result illustrated in Figure 3.6a suggested that the
optimal quantity of TMB substrate that gave the highest signal intensity was about
2 uL. The intensity of membrane was remarkably decreased when as much as 3 pL

of TMB was used.

To determine whether the catalytic activity of MNPs was dependent on the
amount of MNPs, weight of MNPs was varied from 0 to 0.5 mg. As seen in Figure 3.6b,
the results indicated that the peroxidase-like activity of MNPs was dependent on the
quantity of MNPs for up to 0.15 mg. Not much further increase in intensity was
detected for the MNPs having weight equal and above 0.2 mg. This result suggested

that 0.15 mg is certainly adequate to generate highest signal amplification.

In addition, a volume of H,0O, was increased up to 1.1 pL. The result which
can be seen in Figure 3.6¢c inferred that the intensity increased along with the
increase of H,O, from 0 to 0.9 pL. The intensity tended to decrease once the

amount of H,0O, exceeded that value.
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Figure 3.6 The peroxidase-like activity of MNPs to catalyze the color reaction of TMB
in the presence of H,0, which was varied as a function of the amount of (a) TMB

substrate, (b) MNPs, and (c) H,0,.

3.4 Determination of Bacteria Binding of CWBD-PAA-MNPs

Bacteria binding of the CWBD-PAA-MNPs against two specific bacterial strains,
S. mutans and S. sobrinus having a concentration range of 1x10° - 1x10" CFU/mL
were determined. Figure 3.7 shows the intensity of the brown spots produced by
bacteria bound CWBD-conjugated MNPs on the filter membrane having the pore size
of 0.8 pm. The intensity was converted to numeric value to generate a typical
standard curve. The intensity of the colored spots increased linearly as a function of
log[CFU] of both bacteria (Figure 3.7a-b). Detection limit (LOD) of the method which
is the lowest detectable bacterial concentration can be estimated from color

intensity at least three times higher than the standard deviation of the backeround

(0 CFU/mL). At 0 CFU/mL, intensity was found to be 24.81%5.14. LOD which is three
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times SD can be calculated as 2x10' CFU. LOD was calculated by the following

equation 3.1.

ILOD = BSDO + IO (3.2)

lLop represents the intensity at LOD whereas |, reflects the intensity of the
background and SDO is standard deviation of the background. After that, LOD was

calculated from | op using linear equation of the calibration curve [17].

As shown in Figure 3.7b, after adding TMB and H,0O, on bacteria bound CWBD-
conjugated MNPs on filter membrane, the membrane turned from brown to blue.
The intensity of the membrane also increased linearly as the number of S. mutans
cells grew exponentially from 1x10° to 1x10" CFU/mL. The calculated LOD was found
to be 8 CFU/mL. This lower LOD indicated improved sensitivity as a result of signal
amplification by peroxidase-like activity of MNPs in the presence of TMB/H,0O,. Linear
relationship between intensity and log [CFU] was also found for S. sobrinus as shown

in Figure 3.8.
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Figure 3.7 Linear relationship between log (CFU/mL) and intensity both (a) before

and (b) after signal amplification in the presence of TMB/H,O, for S. mutans.
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Figure 3.8 Linear relationship between log (CFU/mL) and intensity both before (a)

and after (b) signal amplification in the presence of TMB/H,O, for S. sobrinus.

3.5 Determination of Bacteria Capture Efficiency of CWBD-conjugated MNPs

Capture efficiency of the CWBD-conjugated MNPs against target bacteria was
determined using bacterial concentration of 1x10° and 1x10" CFU/mL. Number of
colonies formed on the agar plate was counted both before (Cperore) and after (Cusier)
the CWBD-conjugated MNPs were added to the bacterial solution upon appropriate

dilution.
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As can be seen in Figure 3.9a, the number of S. mutans colonies appearing on
agar plate for both concentrations (1x10° and 1x10" CFU/mL) was decreased after
some of them being captured by the CWBD-conjugated MNPs. It should be
emphasized that at least 10 times dilution was necessary otherwise there were too
many bacteria colonies to count (TMTC). Similar trend was also observed in the case

of other bacterial strains but with different capturing ability (Figure 3.9b-d).

(a) (b)

Dilution 10° 101 102 107 104 Dilution 10° 101 102 107 104

Before adding 107

 Before adding 107
of MNPs

of MNPs
108

107

T™MTC T™TC 39 18 19
108
TMTC TMTC 28 14 0
After adding After adding 107 - - =
of MNPs of MNPs z
10¢ : 5
107 T™TC T™MTC 1 4 0
108 T™MTC 24 12 5 0
() (d)
Dilution 10° 10" 102 102 104
Before adding Before adding 107
of MNPs of MNPs
108
107
108 108
) 107 7
After adding After adding 10
of MNPs 108 of MNPs 108
107 107
10¢ TMTC 9 0 0 0 108 T™MTC 8 0 0 0

TMTC: too many to count

Figure 3.9 Colonies of (@) S. mutans, (b) S. sobrinus, (c) S. salivarius,and (d)

S. sanguinis before and after the addition of CWBD-conjugated MNPs.

To be more quantitative, capture efficiencies (CE) can be calculated from

those counts using egn. 3.3. Cperore represents the number of colonies formed on the
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agar plate by diluted bacteria stock in PBS whereas C,ge, reflects the number of the
unbound bacteria after contacting with the CWBD-conjugated MNPs [12]. The capture
efficiencies of the CWBD-conjugated MNPs for S. mutans and S. sobrinus were found
to be 77% and 69%, respectively whereas S. salivarius and S. sanguinis possessed
much lower values of 15% and 38%, respectively. These values indicated the
specificity of the CWBD-conjugated MNPs towards two specific strains, S. mutans and

S. sobrinus, as opposed to S. salivarius and S. sanguinis.

Capture efﬁCiency (%) = {(Cbefore = Caﬁer)/ Cbefore} x 100
(3.3)

This assumption was further verified by monitoring the stained intensity of the
CWBD-conjugated MNPs that remain on the filter membrane after contacting with all
four bacterial strains. As shown in Figure 3.10, the color intensity values obtained
with the untargeted bacteria, S. salivarius and S. sanguinis were much lower than

those detected with S. mutans and S. sobrinus.
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Figure 3.10 Determination of specificity of the CWBD-conjugated MNPs against all

bacteria.



CHAPTER V
CONCLUSION AND SUGGESTIONS

The present study has demonstrated that the PAA-grafted MNPs can be
prepared by surface-initiated RAFT polymerization. The CWBD of automutanolysin
was then conjugated with the PAA-grafted MNPs by EDC/NHS coupling to vyield
CWBD-conjugated MNPs. The MNPs undergoing PAA grafting and CWBD conjugation
were characterized by XRD, FT-IR, TEM, TGA and DLS. The CWBD-conjugated MNPs
can be used for the colorimetric detection of mutans streptococci using magnetic
separation and selective filtration methods. The nitrocellulose filter membrane with
pore size of 0.8 um was found to be the most suitable substrate for developing the
selective filtration for mutans streptococci detection. When bacteria bound CWBD-
conjugated MNPs, the size of the complex increase such that it cannot pass through
the membrane and then can be colorimetrically measured, while unbound
nanocomposites can pass through the membrane. The intensity of the colored spots
increased linearly as a function of log[CFU] of both targeted bacteria, S. mutans and
S.sobrinus in a concentration range of 1x10° - 1x10" CFU/mL. This allows for semi-
quantitative analysis of S. mutans from the intensity of MNPs stain left on the
membrane and to be able to identify high caries risk case in which bacteria
concentration is above 10° CFU/mL. The specificity of S. mutans detection was
determined in comparison with the non-targeted bacteria (S. salivarius and
S. sanguinis) (1x10° CFU/mL) by monitoring the stained intensity of the CWBD-
conjugated MNPs that remain on the filter membrane. The CWBD-conjugated MNPs
mixed with S. mutans and S.sobrinus showed the highest intensity of brown spot on
filter membrane whereas those mixed with other streptococci showed less intensity.
The capture efficiencies of CWBD-conjugated MNPs for S. mutans and S. sobrinus

were 77 and 69%, respectively, whereas much lower values were achieved for
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S. salivarius and S. sanguinis (15% and 38%, respectively). Addition of TMB and H,0,
on the membrane surface along with the bacteria-bound CWBD-conjugated MNPs
can help enhancing the signal. The detection limit of the method for S. mutans with
and without TMB and H,O, addition were 2><1O1 and 8 CFU/mL, respectively. The
assay could be performed within 50 min, yielding results in a similar time period as
compared with recently reported antibody immobilized on magnetic particle-based
methods. This simple, quick, easy to operate, highly sensitive and specific
colorimetric assay is apparently attractive to be further developed into a practical

method for detecting personnel dental pathogens.

Our plan for the future is to analyse the bacteria quantity in real sample from

human saliva and to implement this method into a real clinical setting.
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Table A.1 Amino acid composition of automutanolysin.

Number of amino acids: 748

Molecular weight: 81464.0

Theoretical pl: 5.17

Amino acids | The number of amino acids | % Composition
Ala 73 9.8%
Arg 15 2.0%
Asn 59 7.9%
Asp 55 7.4%
Gln 51 6.8%
Glu 27 3.6%
Gly a2 5.6%
His 17 2.3%
Ile ar 6.3%
Leu 32 4.3%
Lys a4 5.9%
Met 7 0.9%
Phe 8 1.1%
Pro 19 2.5%
Ser 74 9.9%

a9



Amino acids

The number of amino acids

% Composition

Thr 73 9.8%
Trp 12 1.6%
Tyr 36 4.8%
Val 57 7.6%

50
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