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Abstract

The article studies the molecular composition of dental biofilm in healthy people and patients with multiple caries lesions
during several stages of exogenous and endogenous preventive measures.

The observed changes in the IR spectra registered during different stages of the experiment indicate a lack of balance
between demineralisation and mineralisation of hard tissues resulting from different absorption mechanisms of agents
applied exogenously and endogenously. All the observed changes result from the difference in the microbiota in healthy
patients and patients with caries, as well as the difference in the microbiota caused by the impact of preventive agents on
biofilm.

Keywords: Biofilm, Molecular properties, Endogenous and exogenous preventive methods, IR microspectroscopy,
Synchrotron radiation

Funding: This study was supported by Russian Science Foundation, grant No. 23-15-00060.

Acknowledgements: Access to scientific equipment and methodology was provided by the Ministry of Education and Science
of the Russian Federation, agreement No. 075-15-2021-1351.

The IRM studies were conducted by means of ANSTQ’s Australian Synchrotron.

For citation: Seredin P. V., Goloshchapov D. L., Kashkarov V. M., Buylov N. S., Ippolitov Yu. A., Ippolitov I. Yu., Vongsvivut J.
Features of the molecular composition of dental biofilm in patients depending on the degree of caries and the method of
its prevention: synchrotron FTIR spectroscopic studies. Condensed Matter and Interphases. 2023;23(3): 398—405. https://
doi.org/10.17308/kemf.2023.25/11264

Jna yumupoeanus: Cepenuu I1. B., Tonomanos [I.JI., Kamxkapos B. M., Byitios H. C., Unmonutos 10. A., intnonuTos U. 10.,
Vongsvivut J. Oco6eHHOCTM MOJEKYASIPHOrO COCTaBa 3yOHO! OMOIIEHKM y MAIMeHTOB B 3aBUCHMMOCTHU OT CTeleHu
Pa3BUTOCTY Kapyeca M METOA ero MpOoQIIaKTUKI : MCC/IEIOBAHMS C UCITOIb30BaHMEM CMHXPOTPOHHOI FTIR-CIIeKTPOCKOIINMN.
KondeHcuposatHsie cpedst u Mexcgpasmoie eparuysl. 2023;23(3): 398-405. https://doi.org/10.17308/kemf.2023.25/11264

P< Pavel V. Seredin, e-mail: paul@phys.vsu.ru
© Seredin P. V., Goloshchapov D. L., Kashkarov V. M., Builov N. S., Ippolitov Yu. A., Ippolitov L. Yu., Vongsvivut J., 2023

The content is available under Creative Commons Attribution 4.0 License.

398



Condensed Matter and Interphases / KoHaeHCcMpoBaHHble cpeabl U MeXda3zHble rpaHuLLbl

P.V.Seredin et al.

1. Introduction

Current approaches to pathological processes
including demineralisation of bones, caries,
erosion, dental fractures and chipping, as well as
to the prevention methods, stress the importance
of studying the molecular composition and phase
transformations on the enamel-dental biofilm
interface at both micro and nano scales [1-4].
The biofilm serves as a buffer on the surface of
dental enamel. All exchange processes between
the organomineral matrix of enamel apatite [1, 5]
and oral fluid containing active remineralisation
agents (phosphate and calcium complexes) are
performed through this buffer [4, 6]. Quantitative
studies and control over oral pathologies, with
biofilm serving as an analyte, require precise
determination of the changes in its molecular
composition.

Fourier-transform infrared spectroscopy
(FTIR) is an effective and a highly precise method
used for the analysis of biological systems [7,
8]. FTIR has already been successfully used in
the analysis of biofilms (namely, for detection
and identification of bacteria contained in
biofilm) and showed promising results [7-10].
An undeniable advantage of FTIR over genetic
analysis is the fact that the latter does not always
provide information corresponding to the cells’
phenotypes, while FTIR makes it possible to
monitor molecular biochemical changes taking
place in the analyte, including over time [7-10].

Earlier we demonstrated that synchrotron-
radiation FTIR is practical for studying the
secondary structure of proteins in biological
fluids of the oral cavity and occurring pathological
processes. The protein secondary structure
determines their spatial conformation and
therefore, under certain conditions, can be
connected with pathological processes in the
human body.

We should note that there is hardly any
information about the changes in the molecular
composition of human dental biofilm depending
on the dental caries degree and the prevention
methods used.

Therefore, the purpose of our study was to
analyse the specifics of molecular composition of
dental biofilm in healthy people and in patients
with pathologies using synchrotron-radiation
FTIR.
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2. Materials and methods
2.1. Research design

In our study, we used dental biofilm samples
obtained from patients under various cariogenic
conditions. The first group included healthy
people without dental caries. The second group
included patients with multiple carious lesions
in enamel (ICDAS 1-2).

During the first stage of the experiment, we
collected biofilm samples from both groups after
mechanical tooth cleaning.

During the second stage of the experiment, we
collected biofilm samples from all the participants
after they cleaned their teeth with a toothpaste
containing dicalcium phosphate.

During the third stage of the experiment,
patients took a mineral complex containing
dicalcium phosphate for three days. Biofilm
samples were taken after mechanical tooth
cleaning.

2.2. Experimental unit

Molecular compositions of biofilm samples
were studied using the equipment of the
Australian Nuclear Science and Technology
Organisation (Melbourne, Australia). The spectra
were registered in the spectral range of 3100-
900 cm™! with a spectral resolution of 4 cm.
In order to do this, we used a Bruker Vertex 80v
IR spectrometer and a Bruker Hyperion 2000
IR microscope equipped with a diamond high
pressure attachment for quantitative micro-
analysis.

3. Results and discussion

The FTIR absorption spectra registered for
biofilm samples from healthy patients and from
patients with various degrees of caries, including
the spectra registered during different stages
of the experiment, are demonstrated in Figs. 1
and 2. Analysis of the results demonstrated that
all the spectra, regardless of the experimental
group and the stage of the experiment, had the
same set of maxima that can be attributed to
characteristic molecular bonds. Preliminary
analysis of spectral sets of certain samples also
demonstrated that the IR spectra of the sets are
practically identical. Therefore, in this article
we give the average IR absorption spectra of
biofilm samples.
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Fig. 1. IR absorption spectra of biofilm samples obtained from the enamel surface of healthy patients during
different stages of the experiment: 1 — before applying preventive agents, 2 and 3 — after exogenous and en-
dogenous preventive measures
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Fig. 2. IR absorption spectra of biofilm samples obtained from the enamel surface of patients with multiple

caries lesions during different stages of the experiment:

exogenous and endogenous preventive measures

The analysis of the experimental IR absorption
spectra of biofilm samples was performed based
on the existing data [7, 8, 11-15]. In these
studies, vibrational IR spectroscopy was used to
study the oral fluid, dental tissue, and biofilm in
patients with various pathologies. The analysis
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1 - before applying preventive agents, 2 and 3 — after

demonstrated that the IR spectra of biofilm
samples collected during different stages of the
experiment have a set of characteristic vibrations,
which can be attributed to molecular groups of
various proteins, organic and inorganic agents,
and oral microbiota.
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The most significant changes in the relative
intensities and profiles of the absorption bands
observed in all the IR spectra of the biofilm
samples were registered in the ranges 3120-
2760, 1780-1500 cm™!,and 1200-900 cm~!. They
are demonstrated in Fig. 1 and 2. When analysing
the vibrational modes of the biofilm samples we
noticed a group of bands localised in the range of
2950-2750 cm™ and attributed to the vibrations
of the C-H bonds of various fatty acids and lipids
[7, 8]. We should note that the most significant
changes in the relative intensity of these bands
in the IR spectra of the biofilm samples were
observed in the spectra registered for groups
with different cariogenic situations (Fig. 2), when
they used caries preventive agents. The analysis
of the IR spectra of biofilm samples from healthy
patients (fig. 1) demonstrated that the changes
in the spectral region of 2950-2750 cm™! are
determined by the caries prevention method.
This is easy to detect taking into account the
characteristic spectral features of the preventive
agents in the set range. At the same time, the IR
spectra of biofilm samples from patients with
multiple caries lesions (Fig. 2) demonstrated that
significant changes in the molecular composition
of biofilms occurred when putting preventive
agents (toothpaste) into the oral cavity, while
endogenous preventive methods did not have
such an impact on the molecular composition
of biofilms.

A similar tendency was observed when
analysing the spectra in the range of 1200-
900 cm~'. A group of highly intense vibrations
was observed associated with derivatives of
phosphorus: phosphates, dicalcium phosphates,
and phospholipids, which are important from the
point of view of mineralisation processes [7, 8, 14].
We should note that the IR absorption spectra
of biofilm samples demonstrated bands, whose
occurrence and intensity in this range depend
on the cariogenic situation and the stage of the
experiment, i.e. the caries prevention method
used. These modes include primarily the mode
at 1082 cm™ associated with PO, by means of
asymmetric and symmetric stretching vibrations
of phosphate residues and phospholipids [7, 8,
14]. Another mode is located in the region of
1070-1020 cm™. It is presented as overlapping
vibrational bands associated with organic
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derivatives of phosphates, dicalcium phosphate,
and phosphatase by means of a C-O-P-0-C
complex and cellular carbohydrate. Comparison
of the results demonstrated that the use of a
mineral complex in the form of pills or toothpaste
leads to significant changes in the profile of
the 1160-960 cm™! band in biofilms obtained
from healthy patients. In biofilms obtained
from patients with multiple caries lesions, such
changes were only observed immediately after
applying the preventive agent whose composition
results in significant changes in the molecular
composition of biofilms in the given range. When
a mineral complex in the form of pills was used,
the molecular composition of biofilms did not
change significantly after applying preventive
agents (Fig. 3).

Another range of IR spectra that demonstrated
significant changes was observed at 1780-
1500 cm™. One of the spectral changes in the
biofilm composition is the band at 1730 cm™!,
which can be attributed to bands (>C=0) of
phospholipids, esters, and fatty acids, and
corresponds to the characteristic region of
proteins [7, 8, 11-13, 15]. At the same time, the
most intense protein bands include the following:
amide I vibrations (N-H, C=0) in the region of
1675-1615 cm!; amide II band (N-H and C-N)
in the region of 1575-1520 cm™; according to
[7, 8, 11-13, 15]. In the case of dental biofilms,
these vibrational modes can also be attributed
to peptides [7, 13].

We can see that the effect of preventive
methods depending on the cariogenic situation
is reflected by the position and shape of the
amide I and amide II vibrational modes (Figs. 1
and 2). Thus, for the first (healthy) group,
the use of a toothpaste and pills results in a
significant (up to 14 cm™) shift of the amide
I band towards the low-frequency region as
compared to its position during the first stage
of the experiment (without preventive agents).
A similar tendency was observed for the group
of vibration bands in the profile of the amide
II. Here, for the healthy group, the use of a
toothpaste and pills resulted in a significant (up
to 25 cm™!) shift of the band towards the low-
frequency region as compared to its position
during the first stage of the experiment (without
preventive agents).
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Fig. 3. Profiles of the amide I and amide II bands in the IR absorption spectra of the healthy (upper) and cari-
ous (down) group during different stages of the experiment: 1 — before applying preventive agents, 2 and 3 -
after exogenous and endogenous preventive measures

For the group of patients with caries, these
features were not that noticeable. Thus, a shift
(up to 6 cm!) of the amide I band towards
the low-frequency region was only registered
during the second stage of the experiment
(when toothpaste was used), while during the
third stage (when pills were used) no shift was
observed. At the same time, the shift of the
maximum of the amide II band was 15 cm™!
during the second stage (when toothpaste was
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used), and only 9 cm™! during the third stage
(when pills were used).

The observed changes are caused by the
changes in the biofilm molecular composition
resulting from different cariogenic conditions
and preventive methods used. Comparison of
the results demonstrated that the changes in
the profile of the amide II band (N-H and C-N)
were greater than the changes in the profile
of the amide I band. This corresponds to the
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C-N vibrations, which can vary significantly
depending on the factors affecting the molecular
bonds.

The amide I band can be used to better monitor
the changes in the protein secondary structure,
because it is sensitive to such transformations.
We should note that FTIR is often used to study
protein conformation and aggregation processes
in vitro [15, 16]. Based on the observed shifts in
the frequency of the components of the secondary
structure of the amide I band [11, 15, 17, 18] we
can determine the impact of various factors on
the protein conformation processes. Therefore, in
our study we performed a precision comparative
analysis of the IR spectroscopy data for the set
frequency range of 1750-1500 cm™ A comparison
of the spectra of biofilm samples obtained from
both groups of patients demonstrated that the
position and shape (half-width) of the high-
frequency component of the amide I band in
the region of 1700-1600 cm™! depend on the
cariogenic situation as well as on the preventive
method. Thus, for the healthy patients, the use
of a toothpaste and pills results in the shift of
the amide I band towards the low-frequency
region as compared to the first stage (without
preventive agents), and to the reduction of the
band’s half-width from 55 cm™! to 47 cm™ and
37 cm!'respectively. The shift and the reduction
of the half-width were significantly greater, when
pills were used. This is explained by the time the
preventive agents spend in the oral cavity and the
nature of their interaction with biofilm.

During the first stage of the experiment
(without preventive agents), the IR spectra
of patients with caries demonstrated that the
position of the high-frequency component of
the amide I band had already shifted by 7 cm!
towards the low-frequency region as compared
to that observed in the IR spectra of the healthy
group. When toothpaste was used, there was a
shift and a reduction in the half-width of the
amide I band similar to that observed for the
healthy group. However, when pills containing a
mineral complex and dicalcium phosphate were
used, there was no shift of the amide I band or
any reduction in the half-width. More significant
changes were observed for the amide II band.
The spectral profile and the position of the band
changed both when toothpaste and pills were

2023;25(3): 398-405
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used. We should note that when toothpaste was
used, the shift of the amide II band was less
significant, while the relative intensity of the
maximum was lower than when pills were used.
In the latter case the intensity was greater than
the intensity of the spectral band of the samples
obtained before using preventive agents.

The obtained spectral data indicated different
conformation environment and secondary
structure of biofilm proteins in patients with
different cariogenic situations. The observed
shift of the maximum of the high-frequency
component of the amide I bands and the reduction
of the half-width and redistribution of the
intensity of components of the protein secondary
structure was described in[11, 15, 19], namely as
random coil (1648-1641 cm™') and o-helix (about
1660 cm1). Changes in the molecular composition
are also indicated by the changes in the relative
intensity, frequency position, and spectral profile
of the amide II band. All the observed changes
result from the differences in the microbiota in
healthy patients and patients with caries [20],
when biofilm is affected by preventive agents [21].

The understanding of the changes in the
molecular and phase compositions of dental
tissues, oral fluid, and dental biofilm depending
on the cariogenic situation and preventive
methods makes it possible to take into account
individual features of patients and perform
effective treatment of caries, demineralisation,
erosion, and dental attrition.

4. Conclusions

In our study, we used synchrotron-radiation
FTIR to investigate the specifics of the molecular
composition of dental biofilm after using
exogenous and endogenous preventive methods
in healthy patients and patients with multiple
caries lesions.

The observed changes in the IR spectraindicate
a lack of balance between demineralisation and
mineralisation of hard tissues resulting from
different absorption mechanisms of agents
applied exogenously and endogenously. All the
observed changes result from the difference in the
microbiota in healthy patients and patients with
caries, as well as the difference in the microbiota
caused by the impact of preventive agents on
biofilm.
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