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Background: Clinical and research interest in salivary peptidome and microbiota is ever-growing owing
to its great value for diagnosis, risk assessment and prediction of prognosis in oral and systemic diseases.
Saliva can be stimulated for the purpose of rapid collection, but currently there are no studies systematically
addressing the similarities and differences of salivary peptidome and microbiota in different types of samples.
The purpose of this study was to investigate the variations of salivary peptidome and microbial profiles in
response to different stimulating conditions.

Methods: Unstimulated saliva and three types of stimulated saliva samples (olfaction, gustation, and
mastication stimulated saliva) were collected from 10 systematically and orally healthy donors. The
peptidome profiles were detected by weak cation exchange magnetic beads and analyzed through matrix-
assisted laser desorption/ionization-time of flight-mass spectrometry (MALDI-TOF MS), while their
microbial profiles were analyzed by 16S rDNA V3-V4 hypervariable region amplicon sequencing utilizing
the Illumina MiSeq PE300 platform. The distance matrixes of salivary peptidome and microbial profiles
were generated and the intra-individual distances were extracted, then the variations brought by different
sampling conditions and repeated collections were compared.

Results: By comparisons of the overall salivary peptidome and microbial profiles, olfactory stimulation led
to minimal variations comparing with that of unstimulated saliva, but appreciable variations were observed
between saliva samples collected with gustatory/masticatory stimulation and unstimulated saliva. The three
types of stimulated saliva exhibited significantly different peptidome and microbial profiles.

Conclusions: Stimulated saliva collected in response to olfactory stimulation is an appropriate alternative
to unstimulated saliva, whereas gustatory/masticatory stimulation introduced appreciable variations. It is
suggested that only one type of stimulating method should be used throughout one peptidome/microbiome
research, which provides comprehensive insight into the optimization of sampling methods for salivaomic
studies in the future.
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Introduction

Recent advances in salivary diagnostics indicate that saliva
holds promise for the screening of oral and systemic health
problems as a favorable diagnostic medium (1-7). Saliva has
the potential to serve as a first-line diagnostic medium since
it offers analytes alternative to other traditional body fluids,
directing an easy and noninvasive collection procedure
with little risk of cross-infection (8,9). The development of
novel technologies helps researchers and clinicians unravel
the complex interactions between salivary biomolecules
(e.g., DNA, mRNA, microRNA, proteins, metabolites and
microbes) and the human body, making saliva available
for early diagnosis, risk assessment, and prediction for
prognosis (1-7).

Among salivary analytes, the analysis of low-
molecular-weight-fraction proteome (peptidome) (10)
and microbiota (11) are becoming more and more
important for the oral cavity, and even for the whole body.
Salivary peptidome, which contains endogenous bioactive
peptides, shed proteins and protein fragments (12)
and has the ability to enter the circulation as the products
of cell differentiation, neurohormone transmitter
regulation, inflammation, tumorigenesis, and immune cell
infiltration, is carrying a lot of disease-related information
of physiologic and pathologic events taking place in
all perfused tissues (12-14). For this reason, salivary
peptidome is now acknowledged as a novel reservoir for
candidate biomarkers with advanced methodology (e.g.,
mass spectrometry) introduced (15), which endows saliva
with great potentiality to be used for clinical purposes
as an alternative to other body fluids such as blood and
urine. Meanwhile, saliva samples have been regarded
as a representative reflection of the entire ecosystem
of the oral cavity (16), which contains a number of
different habitats and harbors the second most abundant
microbiota. Dysbiosis or imbalance of the oral microbiota
contributes to oral and systematic diseases, and these
diseases could shape the oral microbial community in a
counteractive manner (17). Currently, the whole genome
sequences of numerous oral species have been decoded,
70% of which are proved to be cultivable in vitrro (18).
Based on the above, the oral cavity turns into a leading
model for studying the mechanisms of microbe-host and
microbe-microbe interactions. As the technologies and
relevant studies keep ever-developing, salivary peptidome
and microbiota has caught more and more attentions from
researchers in this field.
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The three major salivary glands (parotid, submandibular
and sublingual glands), in conjunction with numerous
minor glands, are capable to produce more than 95% of
the saliva (19). The mixed whole saliva, including those
collected under unstimulated or stimulated conditions, is
thought to be the best option which is practically feasible
in clinical circumstances for saliva collection on a patient
basis (20-22). On account of its significantly faster and more
comfortable sampling procedure, stimulated saliva become
more frequently used, especially favorable for the mass
screening programs (20-22). For certain populations with
insufficient saliva flow rate, such as the geriatric people (23)
and patients with xerostomia (24), stimulated methods are
regarded as the optimal choice for saliva sampling, which
has the advantage of easier laboratory process by virtue
of its lower mucin content and capability to offer more
accurate analysis (25).

Generally, saliva can be stimulated in response to
either masticatory or gustatory stimulants (22), among
which flavorless paraffin wax and citric acid productions
are the most frequently used triggers (22,26,27). Besides,
the strategy to augment saliva flow using the smell of
food, namely the olfactory stimulant (28), is considered
as an approach with certain advantages given its sampling
procedures interfere less with the oral cavity. Although
stimulated saliva sampling has received growing clinical
and research attentions, currently there are no studies
systematically addressing the similarities and differences
of salivary peptidome and microbiota in different types of
samples.

Therefore, the purpose of this study was to directly
compare salivary peptidome and microbial profiles in
four types of saliva samples collected under unstimulated
condition and in response to olfactory, gustatory, and
masticatory triggers from systematically and orally healthy
individuals, with the techniques of matrix-assisted laser
desorption/ionization-time of flight-mass spectrometry
(MALDI-TOF MS) and 16S rDNA amplicon high-
throughput sequencing employed. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/atm-20-393).

Methods
Ethics approval and informed consent

This study was approved by the Peking University
School and Hospital of Stomatology Ethics Committee
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Figure 1 The flow chart of the present study, exhibiting the flow path from the recruitment of saliva donors to subsequent salivary

peptidome and microbiota analyses.

(PKUSSIRB-201944061) and conformed to the STROBE
guidelines, with the informed consent signed by all the
participants before it commenced.

Study population and design

Subjects were recruited from the Peking University School
and Hospital of Stomatology from May to June 2018. After
the review of medical history and oral clinical examination,
10 individuals (5 females and 5 males) were enrolled in the
present study. The donors were enrolled according to the
following criteria: (I) more than 18 years old; (II) no reported
systematic diseases; (III) no history of antibiotic therapy
within the last 3 months; (IV) currently not pregnant or
lactating; (V) no smoking and alcohol-drinking habits; (VI)
no evidence of untreated dental caries, periodontal diseases,
or other oral diseases. The flow chart of this study was
shown in Figure 1.

Sampling and processing of saliva

Donors were requested not to eat, brush teeth, drink,
exercise, or chew gum for at least 2 hours before saliva
sampling to minimize the probable risk of contamination (29).
The participants were instructed to rinse their mouth
thoroughly with deionized water and then rest for at least
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10 minutes (sitting upright) before saliva collection at
9:00-10:00 a.m. Whole saliva samples were collected into
a graduated polypropylene tube (Eppendorf, Hamburg,
Germany) through a funnel (Zhenqi, Shanghai, China)
with the four selected collection methods as follows: First,
1.5 mL unstimulated forepart whole saliva was collected by
passive drooling (UWS.F), followed immediately by 1.5 mL
unstimulated midstream whole saliva (UWS.M); Second, after
a fifteen-minute interval for rest, 1.5 mL olfaction stimulated
forepart whole saliva was collected using fresh lemon juice as
the stimulant (OSWS.F), while 1.5 mL olfaction stimulated
midstream whole saliva was collected straight after the
forepart segment (OSWS.M); then, after another fifteen-
minute interval for rest, 1.5 mL acid stimulated forepart
whole saliva was collected using a citric acid swab (0.4 mol/L)
as the stimulant (ASWS.F), followed immediately by 1.5 mL
acid stimulated midstream whole saliva collected with the
same stimulant (ASWS.M). Last, after a fifteen-minute
interval for rest again, 1.5 mL mastication stimulated
forepart whole saliva was collected using a paraffin gum as
the stimulant (MSWS.F), followed immediately by 1.5 mL
mastication stimulated midstream whole saliva collected
with the same stimulant (MSWS.M). Most previous studies
used the volume of 1-2 mL for saliva sampling. Thus, the
1.5 mL-forepart and 1.5 mL-midstream sampling under the
same condition was regarded as a representative repeated
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collection process.

The flow rate was calculated by measuring the actual
volume of a saliva sample and dividing it by the time
taken to collect the sample. The saliva samples were
immediately placed on ice and transferred to the laboratory
for processing as soon as possible (within 2 hours). Saliva
samples were centrifuged at 10,000 xg for 10 minutes at 4 °C.
The pellets were stored at —80 °C before DNA extraction.
The supernatants were divided into 150 pL aliquots. Two
separate aliquots were supplemented with a proteome
stabilization treatment (30) and all the aliquots were stored
at -80 °C until further analysis.

Peptidome detection and data processing

All samples were fractioned using a weak cation exchange
magnetic bead (WCX MB) kit (Bioyong Tech, Beijing,
China). Samples were isolated and purified by the following
steps: (I) 150 pL of WCX MB binding solution, 20 pL
of beads, and 10 pL of sample were mixed carefully and
incubated for 5 min at room temperature; (II) the tubes
were placed on the WCX MB separation device for 1
min to collect the beads onto the tube wall, and then the
supernatant was removed; (III) the beads were washed
by 150 pL washing solution. 2 min later, the tubes were
placed on the separation device for 1 min; (IV) step 3 was
repeated and all the supernatant was removed; (V) 10 pL of
WCX MB elution solution was added, and the beads were
allowed to gather on the tube wall in the separation device
for 2 min; (VI) The clear supernatant was transferred to a
new tube, and the peptides were analyzed immediately on a
MALDI-TOF MS instrument (Bioyong Tech).

The matrix solution was 8 mg/mL CHCA in 50%
acetonitrile/0.1% TFA/49.9% deionized water. First, 1 pLL
of the purified peptide solution was spotted onto a MALDI-
TOF MS target and then dried at room temperature.
Then 1 pL of the matrix solution was spotted to cover the
sample and then dried again. Before analysis, we employed
a three-peptide mixture (monoisotopic molecular weight of
1,533.8582, 2,465.1989 and 5,730.6087 Da; Sigma product
numbers P2613, A8346 and 16279, respectively) to calibrate
the mass spectrometry. Profile spectra were obtained from
an average of 400 laser shots per sample. The mass-to-
charge ratio (2/z) values in the range of 1,000-10,000 were
collected. Each sample was analyzed in triplicate to acquire
the average spectra for each sample. All the experiments
were conducted by the same technician without changing
reagent lots, standards, or control materials to minimize
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analytical variation. The above methodology has been
utilized and validated successfully in the previous studies by
our research group (31-34).

All the spectra obtained from the samples were analyzed
by BioExplorer 1.0 (Bioyong Tech). The mean intensity of
technical repetitions was determined and chemical/electrical
noises was subtracted. Then, the spectra was normalized
by applying the total ion current, then peak 72/z values and
intensities were determined in the mass range of 1,000-
10,000. A signal-to-noise ratio >5 was required. To align the
spectra, a mass shift of no more than 0.1% was determined.

Microbiota detection and data processing

The microbial DNA extraction was performed using the
QIAamp DNA Microbiome Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Concentration
and purity testing of the DNA was performed using a Qubit
4 Fluorometer (Invitrogen, Thermo Scientific, Wilmington,
DE, USA). The integrity of bacterial genomic DNA was
checked by 1% agarose gel electrophoresis and a negative
control only with buffer was used. The DNA samples were
stored at -80 °C until further use.

Universal primers for 16S rDNA double V3-
V4 region were used to conduct PCR amplification
(338F 5'-ACTCCTACGGGAGGCAGCA-3", 806R
5'-GGACTACHVGGGTWTCTAAT-3"). The cycling
conditions were carried out as follows: initial denaturation
at 94 °C for 5 minutes, 30 cycles consisting of denaturation
at 95 °C for 30 seconds, annealing at 56 °C for 30 seconds,
elongation at 72 °C for 40 seconds, and final extension at
72 °C for 10 minutes. A negative control only with buffer
was enrolled during DNA amplification to eliminate
interference. The quality of the amplified PCR products
was detected by 2% agarose gel electrophoresis. The
purification of PCR products was performed using
a QIAquick Gel Extraction Kit (QIAGEN, Hilden,
Germany). The purified PCR products were quantified
using a real-time PCR system. Illumina MiSeq 300 bp
paired-end (PE) sequencing platform (Illumina, San Diego,
CA, USA) was used for amplified products according to
standard operating protocols.

The Quantitative Insights Into Microbial Ecology
(QIIME, v1.8.0) pipeline was employed to process the
sequencing data, as previously described (35). Briefly,
raw sequencing reads with exact matches to the barcodes
were assigned to the respective samples and identified
as valid sequences. The low-quality sequences were
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filtered in accordance with the following criteria (36,37):
sequences that had a length of <150 bp, sequences
that had average Phred scores of <20, sequences that
contained ambiguous bases, and sequences that contained
mononucleotide repeats of >8 bp. Paired-end reads were
assembled using FLASH (38). After chimera detection,
the remaining high-quality sequences were clustered into
operational taxonomic units (OTUs) at 97% sequence
identity by UCLUST (39). A representative sequence
was selected from each OTU using default parameters.
OTU taxonomic classification was conducted by BLAST
searching the representative sequences set against the
HOMD database as reference (40). An OTU table was
further generated to record the abundance of each OTU
in each sample and the taxonomy of these OTUs. OTUs
containing less than 0.001% of total sequences across all
samples were discarded. To minimize the difference of
sequencing depth across samples, an averaged, rounded
rarefied OT'U table was generated by averaging 100 evenly
resampled OTU subsets under the 90% of the minimum
sequencing depth for further analysis.

Sequence data analyses were mainly performed using
QIIME and R packages (v3.2.0). OTU-level alpha diversity
indices, such as the Shannon index, were calculated using
the OTU table in QIIME. The taxonomy compositions
and abundances were visualized using GraPhlAn (41).
Venn diagram was generated to visualize the shared and
unique OTUs among samples or groups using R package
“VennDiagram”, based on the occurrence of OTUs across
samples/groups regardless of their relative abundance.

Statistical analysis

For the salivary peptidome analysis, the Bray-Curtis
distance matrix was calculated based on the peak intensity
profile. The comparisons represented for the variation
introduced by the change of segment within each saliva
type (evaluation for repeated collection) and the variation
introduced by the change of sampling condition (evaluation
for determined stimulants) were visualized via principal
coordinate analysis (PCoA) and hierarchical clustering
analysis by unweighted pair-group method with arithmetic
means (UPGMA) based on the Bray-Curtis distance
matrix. The intra-individual distances introduced by the
change of stimulants and repeated collection were extracted
and compared using the paired z-test. For the salivary
microbiota analysis, the weighted UniFrac distance metrics
were generated (42,43), the subsequent analysis process is
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the same as the peptidome except the distance algorithm
was different. P<0.05 was regarded as the threshold for
statistical significance (two-sided).

Data availability

The raw sequencing data of this study are available in the
NCBI Sequence Read Archive with accession number
SRP227657, and the raw mass spectrometry data were
uploaded as a supplementary material.

Results

Comparison of flow rate for different types of saliva
samples

A total of 10 systematically and orally healthy donors
were enrolled in this study, whose socio-demographic
background and oral health status were shown in Table S1.

The comparative analysis of salivary flow rates was
conducted using the paired #-test. As shown in Figure S1A,
no significant difference was found in the flow rates between
the forepart and midstream segments under the same
sampling conditions (N=10 vs. 10; P=0.551, 0.691, 0.084,
0.105, respectively). Significant differences were found in
the flow rates when compared between the stimulated and
unstimulated conditions (P<0.001 for olfactory stimulant,
P=0.002 for gustatory stimulant, P<0.001 for masticatory
stimulant, respectively) (Figure S1B). Of the three specific
stimulants, olfaction exhibited the weakest capability to
augment saliva flow.

Comparison of peptidome profiles in different types of
saliva samples

Salivary supernatants were analyzed by MALDI-TOF MS,
and peptide fingerprints were obtained in the #/z range of
1,000-10,000. The visual differences of salivary peptidome
were displayed in the virtual gel electrophoresis (Figure S2)
and peptide fingerprints (Figure S3). The signals in OSWS
was similar to that in UWS, and ASWS exhibited simpler
signals than UWS, while MSWS showed more complicated
signals than UWS. Meanwhile, it was observed that the
peptidome components were diluted under the three
stimulated conditions, especially for MSWS.

"The holistic comparisons on salivary peptidome profiles
among different types of saliva samples were conducted
based on the Bray-Curtis distance and the results were
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visualized via PCoA (Figure S4), which indicated that
repeated collections under the same sampling condition
presented an unseparated tendency, while the four types
of saliva samples exhibited different levels of separation.
The UPGMA hierarchical clustering analyses based
on the Bray-Curtis distance were then employed for
comparisons between the repeated collections for each
type of saliva samples (Figure 24) and among different
sampling conditions for each segment (Figure 2B). The
results demonstrated that salivary peptidome tended to
aggregate in terms of the donor (Figure 2A), indicating
that the variations introduced by repeated collection
contributed little to the composition of salivary peptidome
for each type of saliva sample. However, the cluster trees
shown in Figure 2B indicated that the variations brought by
different sampling conditions would significantly affect the
composition of salivary peptidome.

Based on the present findings, a schema diagram
showing the intra-individual distances of salivary
peptidome profiles between different segments within
the same sampling condition (Distance 1-4) and between
different sampling conditions within the same segment
(Distance 5-10 for forepart segment and Distance 11-16
for midstream segment) was established (Figure 34).
The intra-individual Bray-Curtis distances under the
circumstances of different sampling conditions and
repeated collections were sorted and compared using the
paired #-test (Figure 3B). The results of statistical analyses
demonstrated the variations brought by different sampling
conditions were significantly higher than those introduced
by repeated collections, except for the comparison between
OSWS and UWS.

Comparison of microbial profiles in different types of saliva
samples

The sequencing method generated a total of 2,820,236
sequences after quality filtering, with an average of 35,253
(ranged from 27,789 to 53,479) sequences per sample. The
species richness of the salivary microbiota of each sample
was estimated by rarefaction analysis (Figure S5). The
shape of the rarefaction curves evidenced the complete
achievement of a plateau, indicating that the sequencing
depth of all the samples was reasonable. The number
of shared and specific OTUs among the four sampling
conditions for the forepart and midstream segments were
shown in Figure S6.

With the analyses of salivary microbiota in all the
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samples, a total of 11 phyla, 20 classes, 34 orders,
72 families, 148 genera and 379 species were detected. The
overall structure of the salivary microbiota from phylum
to species levels in different types of saliva samples was
shown in Figure S7, which legends exhibited the top-20
taxa in terms of the mean relative abundance. Comparative
evaluation of saliva sampling conditions for microbial
diversity index (Shannon index referring to both richness
and evenness) was shown in Figure S8, which indicated
that saliva samples collected without mechanical chewing
(UWS, OSWS and ASWS) had almost equivalent Shannon
index, whereas a higher level of microbial diversity was
found in saliva samples in response to mechanical chewing
stimulation.

Similar with the procedures we have performed on
salivary peptidome profiles, the holistic comparisons on
salivary microbial profiles among different types of saliva
samples were conducted based on the weighted UniFrac
distance and the results were visualized via PCoA as well
(Figure S9), which indicated that repeated collections under
the same sampling condition presented an unseparated
tendency, while the four types of saliva samples exhibited
different levels of separation. The UPGMA hierarchical
clustering analyses based on the weighted UniFrac
distance were then employed for comparisons between
the repeated collections for each type of saliva samples
(Figure 44) and among different sampling conditions for
each segment (Figure 4B). Similarly with the findings
of salivary peptidome, we demonstrated that salivary
microbiota tended to aggregate in terms of the donor
(Figure 44), indicating that repeated saliva sampling under
the same sampling condition had comparable microbial
profiles. Nevertheless, the cluster trees shown in Figure 4B
indicated that sampling conditions had a greater influence
than the individual specificity, which resulted in significant
changes of salivary microbial profiles.

Similarly, a schema diagram showing the intra-individual
distances of salivary microbial profile between repeated
collections within the same sampling condition (Distance
1-4) and between different sampling conditions within the
same segment (Distance 5-10 for forepart segment and
Distance 11-16 for midstream segment) was established
(Figure 5A). The intra-individual weighted UniFrac
distances under the circumstances of different sampling
conditions and repeated collections were sorted and
compared using the paired #-test (Figure 5B). The results
of statistical analyses demonstrated the variations brought
by different sampling conditions were significantly higher
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Figure 2 The UPGMA hierarchical clustering analyses based on the Bray-Curtis distance. (A) Hierarchical clustering for comparisons

between the repeated collections for each type of saliva samples; (B) Hierarchical clustering for comparisons among different sampling

conditions for each segment.
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Figure 3 The comparison of intra-individual Bray-Curtis distances. (A) The schema diagram showing the intra-individual distances of

salivary peptidome profiles between different segments within the same sampling condition (Distance 1-4) and between different sampling

conditions within the same segment (Distance 5-10 for forepart segment and Distance 11-16 for midstream segment); (B) the comparisons

of intra-individual Bray-Curtis distances under the circumstances of different sampling conditions and repeated collections. *, P<0.05.

than those introduced by repeated collections, except for
the comparison between OSWS and UWS. These findings
indicated that interference within the mouth, like acid and
chewing triggers, could lead to a perturbation of the salivary
microbial structure.

Discussion

Although challenges remain ahead, the rise of salivary
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diagnostics appears to hold promise to revolutionize the
next generation of diagnostics (1-7). Clinical interest of
salivary peptidome and microbiota has been growing in the
areas of diagnosis and prognosis since they were suggested
as candidate biomarkers associated with both oral and
systemic health status (10,11,44). A number of salivary
diagnostic studies have regarded the stimulated saliva as
a representative reflection of the entire ecosystem of the
oral cavity for its certain advantages. As we know, the most
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Figure 4 The UPGMA hierarchical clustering analyses based on the weighted UniFrac distance. (A) Hierarchical clustering for comparisons

between the repeated collections for each type of saliva samples; (B) Hierarchical clustering for comparisons among different sampling

conditions for each segment.
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Figure 5 The comparison of intra-individual weighted UniFrac distance. (A) The schema diagram showing the intra-individual distances of

salivary microbial profile between repeated collections within the same sampling condition (Distance 1-4) and between different sampling

conditions within the same segment (Distance 5-10 for forepart segment and Distance 11-16 for midstream segment); (B) the comparisons

of intra-individual weighted UniFrac distances under the circumstances of different sampling conditions and repeated collections. *, P<0.05.

important pre-analytical step for successful measurement
of salivary analytes is to choose the optimal sampling
procedures. In this context, sampling variability introduced
by collection methods should be kept at a minimum level or
interpreted explicitly for reproducible analyses of salivary
analytes. However, there were few comparative studies
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addressing the variations of peptidome and microbiota
among different types of saliva samples. Hence, the
significance of this study was to investigate the variations of
peptidome and microbial profiles for the four different types
of saliva samples (unstimulated versus olfaction, gustation
and mastication stimulated saliva) using high-throughput
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techniques.

Considering the characteristics of interference within the
mouth caused by selected sampling conditions, the order of
sampling conditions adopted in the present study was set as
UWS, OSWS, ASWS and MSWS. Olfactory stimulation
had no direct interference to the oral environment, by
which collection method the salivary peptidome was also
comparable with unstimulated condition (UWS) in the
present study. The most evident drawback of ASWS was the
lower pH value which might affect some parameters such as
its buffering capacity (45), resulting in the manifestation of
simpler signals than the other three groups, downregulation
of enzymatic activity of proteolysis, and finally the
reduction of peptidomic richness. Since the acid load would
be diluted as saliva flowed out, a constant flow rate was hard
to elicit for ASWS, which is also confirmed in our findings
that repeated collections led to the most obvious variations
in salivary peptidome of ASWS (Figure 24). With more
complicated signals, peptidome in MSWS was also quite
different from its counterparts in both UWS and ASWS,
which is consistent with a previous study (Golatowski et /.
2013) reported that the composition of salivary proteins
depended on mastication effect (46).

In the present study, the mean Shannon index in the
sequencing analysis for salivary microbiota was around 6.0,
which magnitude was significantly higher than previously
reported in other sequencing studies conducted in healthy
adults (around 4.0-5.0) (47-49). This was most likely
owing to the QIAamp DNA Microbiome kit, which could
optimize mechanical and chemical cell lysis to improve
the ability of bacterial DNA isolation (50). Based on our
findings, it could be inferred that chewing stimulation
does increase the level of microbial diversity in saliva
samples, whereas the median level of ASWS was lower
than the other three groups but no statistical differences
presented (Figure S§). We think the shorter collection time
and the still flow path might contribute to the decrease
in the median level of ASWS. As for OSWS, both the
level of microbial diversity and community structure
were comparable with that of UWS, which could also be
attributed to the similar outflowing way of saliva and no
interference with the oral cavity in the sampling procedures.
Our findings indicated interference within the mouth could
lead to a perturbation of the salivary microbial structure,
which coincided with Gomar-Vercher ez 4/.’s findings
that masticatory stimulated and unstimulated saliva
samples have significantly different bacterial profiles (51),
but seemed contradictory to another previous study by
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Belstrom et al. which verified that masticatory stimulated
saliva was an adequate surrogate of unstimulated saliva for
microbiome-related studies (52). This conflict of conclusion
could be ascribed to certain shortcomings such as the low
throughput of detection methods and underdeveloped
analyzing methodologies in these previous studies, hence
we are more confident with our present findings that saliva
samples collected with and without masticatory stimulation
would have appreciable differences in microbiota profiles.
Nevertheless, our findings must be interpreted in the
context of study limitations as well, which may provide
certain enlightenments for future research directions.
First, as the present findings were all based on healthy
persons, cautions are necessary for further extrapolation,
particularly for those with systemic or oral diseases. For
diseases that do not affect the secretion and filtration of
salivary glands, it can be analogized that the characteristics
of peptidome and microbiota in selected types of saliva
samples should be consistent with the findings in our
present study. For diseases that do affect the function of
salivary glands, which site is affected and its severity will
have influence on the selection procedure for saliva type.
Further studies will be needed to verify the similarities
and differences of peptidome and microbiota for different
types of saliva samples, and explore which type of saliva
is appropriate for detecting potential biomarkers under
these circumstances of diseases. Additionally, though
it is supposed that these findings in participants aged
20 years and over could be analogized to the population
of other ages, e.g., the geriatric people, further studies are
still needed to confirm this assumption. Second, though
MALDI-TOF MS is an appropriate platform for the
rapid screening test in peptidome studies, there was a lack
of absolute quantification and identification of peptide
sequences. Even so, we believe the comparisons of overall
peptidome were still of clinical significance for the selection
of salivary sampling methods since the panel of 7/z values
had the potentiality to serve as disease indicators (53). The
introduction of high-throughput tandem mass spectrometry
based on data-independent acquisition to obtain standard
quantitative information (54-56) would yield more in-depth
results in the future. Third, the sequencing analysis in this
study was based on the 16S 7DNA double V3-V4 region
amplicon sequencing library and Illumina MiSeq PE300
platform, which had difficulty to provide absolute taxa
abundance. It is expected that further studies utilizing high-
throughput absolute abundance quantification techniques
could detect the salivary microbiota at the species level or
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provide more explicit details in the future (57,58).

In summary, our comparative evaluation of peptidome
and microbiota in unstimulated saliva and samples
collected with triggers (olfactory, gustatory and masticatory
stimulants) has made the following supplementary to
the current knowledge: (I) saliva collected in response
to olfactory stimulation is an appropriate alternative to
unstimulated saliva for peptidome and microbiota-related
studies; (II) the gustatory and masticatory stimulants
could lead to appreciable variations of salivary peptidome
and microbiota when comparing with the unstimulated
condition; (III) with regards to the significantly different
peptidome and microbial profiles among different types
of saliva samples, it is suggested that only one type of
stimulating method should be used throughout one
peptidome/microbiome research.
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Supplementary

Table S1 The socio-demographic background and oral health status of donors enrolled in the present study

Variable Mean + SD or n
Age 25.40+1.58
Gender (male/female) 5/5

DT 0.00+0.00
PD 1.99+0.23
PD (=4 mm) % 0.00+0.00
BOP (=1) % 14.91+4.06

DT, the number of decayed teeth; PD, probing depth; BOP, presence of bleeding on probing.
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Figure S1 The comparison of salivary flow rate. (A) The comparison of salivary flow rate between different segments under the same

sampling condition; (B) the comparison of salivary flow rate among different types of saliva samples. *, P<0.05.
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Figure S7 The histogram demonstrated the community structure via the relative abundance of taxa (top 20) from phylum to species level in

all the saliva samples shown in sampling order.
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Figure S8 The comparison of Shannon index. (A) The comparison of Shannon index between different segments under the same sampling

condition; (B) the comparison of Shannon index among different types of saliva samples. *, P<0.05.
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Figure S9 The comparison of salivary microbial profiles in different types of saliva samples via principal coordinate analysis (PCoA) based

on the weighted UniFrac distance.
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