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Abstract

Objectives: The human oral microbiome, a complex ecosystem linked to oral and

systemic health, harbors a diverse array of microbial populations, including

antimicrobial resistance genes (ARGs). As a critical component of the One Health

approach to tackle antibiotic resistance, comprehending the oral resistome's

composition and diversity is imperative. The objective of this study was to investigate

the impact of chemical cell lysis treatment using MetaPolyzyme on the detectability

of the oral microbiome, resistome, and DNA quality and quantity.

Materials and Methods: Saliva samples were collected from five healthy individuals,

and each of the samples was subjected to DNA extraction with and without the

treatment with MetaPolyzyme. Through metagenomic sequencing, we analyzed,

assessed, and compared the microbial composition, resistome, and DNA character-

istics between both groups of extracted DNA.

Results: Our study revealed that MetaPolyzyme treatment led to significant shifts in the

detectability of microbial composition, favoring Gram‐positive bacteria, notably Strepto-

coccus, over Gram‐negative counterparts. Moreover, the MetaPolyzyme treatment also

resulted in a distinct change in ARG distribution. This shift was characterized by an

elevated proportion of ARGs linked to fluoroquinolones and efflux pumps, coupled with a

reduction in the prevalence of tetracycline and β‐lactam resistance genes when compared

with the nontreated group. Alpha diversity analysis demonstrated altered species and

ARG distribution without affecting overall diversity, while beta diversity analysis

confirmed significant differences in the taxonomical composition and oral resistome

between treated and nontreated groups.

Conclusions: These findings underscore the critical role of cell lysis treatment in

optimizing oral metagenomic studies and enhance our understanding of the oral

resistome's dynamics in the context of antimicrobial resistance.
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1 | INTRODUCTION

The human oral microbiome is a complex ecosystem composed of

diverse microbial populations that are associated with a range of oral

and systemic diseases. Among microbial ecosystems in the human

body, the oral cavity ranks as the second most complex, with the

identification of over 700 bacterial species (Wade, 2011). Addition-

ally, it has been established as a reservoir for diverse antimicrobial

resistance genes (ARGs) and mobile genetic elements (MGEs) (Brooks

et al., 2022; Haque et al., 2019; Tansirichaiya et al., 2019). Notably,

the oral environment, particularly oral biofilms, serves as an ideal

setting for horizontal gene transfer (HGT) and the dissemination of

ARGs (Roberts & Kreth, 2014; Roberts & Mullany, 2010). For

instance, recent functional metagenomic studies have uncovered

tetAB(60) in the human oral cavity, conferring resistance to

tigecycline, an antibiotic considered a last resort (Reynolds

et al., 2016). Therefore, a comprehensive understanding of the oral

resistome is imperative for anticipating the potential emergence of

resistance and customizing antibiotic therapies.

As only two‐thirds of the oral bacteria can be cultured in the

laboratory (Vartoukian et al., 2016), the introduction of culture‐

independent methods significantly increases our knowledge of the

microbial diversity within the human oral cavity. High‐throughput

metagenomic sequencing has revolutionized our ability to study the

composition and functional capacity of the oral microbiome and its

potential contributions to health and disease (Dewhirst, 2016; Peng

et al., 2022; Sedghi et al., 2021). As the oral resistome can easily

spread to other parts of the body, compounding the global

antimicrobial crisis, it must therefore should be closely studied and

monitored to mitigate this threat as well, as it is crucial within

the framework of the One Health approach, which recognized

the interconnectedness of human health, animal health, and the

environment in the spread of antibiotic resistance (Despotovic

et al., 2023).

The accurate and reliable extraction of high‐quality DNA from

oral samples remains a challenging step in metagenomic analysis,

particularly due to the presence of cell walls and extracellular

matrices that can impede DNA recovery. Previous study showed

similar quality, quantity, and 16s rRNA bacterial profiles of the saliva

DNA extracted by using a paramagnetic bead‐based, phenol‐

chloroform, and silica column‐based DNA extraction methods (Lim

et al., 2017). However, a study to determine the effectiveness of

DNA extraction for shotgun metagenomic studies in the oral cavity,

especially for the determination of the oral resistome, is still unclear.

One promising approach to improve DNA extraction efficiency and

yield is the use of chemical cell lysis treatments before DNA

extraction like MetaPolyzyme (Tighe et al., 2017), which contains a

mixture of 6 enzymes that is intended for the isolation of total DNA

for metagenomics studies. While MetaPolyzyme treatments have

been used in several metagenomic studies, their effects on the oral

microbiome and resistome, that is, the collection of antibiotic

resistance genes in a given microbial population, have not yet been

fully understood.

While it is well established that different DNA extraction

methods can significantly impact the quality and purity of extracted

DNA (Lazarevic et al., 2013; Sohrabi et al., 2016; Teng et al., 2018),

the specific effects of MetaPolyzyme cell lysis treatments on the oral

microbiome and resistome remain less explored. Additionally, cutting‐

edge technology proved that different DNA extraction methods

yielded different microbial profiles (Ducarmon et al., 2020; Gand

et al., 2023; Sui et al., 2020). We thus hypothesized that the cell lysis

treatments would improve DNA extraction efficiency and lead to a

more comprehensive and accurate analysis of the oral microbiome

and resistome. To test this hypothesis, we performed metagenomic

sequencing on DNA samples extracted from saliva samples before

and after cell lysis treatment and compared the results with those

obtained from untreated samples. Our study uniquely focuses on the

comprehensive evaluation of chemical cell lysis treatments to

understand their impact on the composition and diversity of the oral

microbiome and resistome.

Our findings have important implications for the development of

optimized protocols for oral metagenomic analysis and shed light on

the potential benefits and limitations of chemical cell lysis treatments

for this purpose.

2 | MATERIALS AND METHODS

2.1 | Saliva sample collection

Saliva samples were collected from five healthy volunteers who

visited the dental clinic at the Thammasat University Hospital,

Thailand. The volunteers were subjected to oral evaluation and had

not received antibiotic treatment for at least 3 months and abstained

from drinking, eating, and brushing at least 1 h before the collection.

Ethical approval was obtained from the Ethical Review Sub‐

Committee Board of Human Research Involving Science, Thammasat

University, Thailand (COA No. 163/2562). Written consent was

obtained from volunteers after properly informed about the study.

Saliva secretion was stimulated by using paraffin gum, and at least,

2 mL of saliva was collected into Norgen's Saliva DNA Collection,

Preservation and Isolation Kit (Norgen Biotek Corp), which can

preserve and maintain DNA at ambient temperature for at least a

year. The samples were anonymized and stored at room temperature

until processing.

2.2 | Saliva metagenomic DNA extraction

Saliva samples were mixed by inverting the tubes several times and

then aliquoting with 550 µL total volumes of a saliva sample into two

2‐mL microcentrifuge tubes. Fifty microliters of MetaPolyzyme

(Merck) were added to the first tube, while 50 µL phosphate‐

buffered saline (PBS) was added to another tube. All tubes were

incubated at 35°C for 5 h. The DNA samples were then extracted

with QIAcube (Qiagen), using a modified protocol from QIAamp®
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DNA Mini QIAcube Kit which increased the volume of proteinase K,

Buffer AL, and ethanol to 40, 400, and 400 µL, respectively, as the

starting volume was increased from the original protocol. The

integrity, purity, and concentration of the extracted DNA samples

were determined by agarose gel electrophoresis, a NanoDrop

spectrophotometer (Thermo Fisher Scientific), and a Qubit Fluorom-

eter (Thermo Fisher Scientific), respectively.

2.3 | Metagenomic sequencing and data
processing

The library construction and metagenomic sequencing of the

extracted DNA products were performed at Beijing Genomics

Institute (Shenzhen, China) by using the DNBSEQ platform (150‐bp

pair‐end reads) to generate at least 20 GB of data per sample. Human

DNA was filtered out by using Fastq screen version 0.14.1 (Wingett

& Andrews, 2018) to match the reads with the human reference

genome GRCh38 (August 2020). The reads were repaired by using

Bbmap version 38.84 (Bushnell et al., 2017) to remove singleton

reads that their pair were discarded by the Fastq screen. Adapter

contamination and low‐quality reads were removed by using AfterQC

version 0.9.7 with default parameters (Chen et al., 2017).

2.4 | Microbiome and resistome analyses

Microbiome analysis was performed by using KrakenUniq

taxonomic classification tools (version 0.5.7) (Breitwieser

et al., 2018). Reads processed by AfterQC were classified using

the Kraken database built from complete genomes in RefSeq from

January 2020 for bacteria and archaea. The accuracy of

taxonomical classification was enhanced by using krakenuniq‐

filter script with a threshold of 0.05. KrakenUniq's outputs were

generated by using krakenuniq‐report script. Resistome analysis

was performed on the quality‐filtered reads by using the

AMRPlusPlus resistome analysis pipeline tools version 2 (Doster

et al., 2019). ARGs requiring single‐nucleotide polymorphism

(SNP) confirmation were filtered out from the reports, and the

gene coverage/fraction threshold was set at 80%. The AMR

results were normalized by using the following equation (Li

et al., 2015):

∑
N L L

N L L
Abundance =

× /

× /
,

n

1

ARG−likesequence reads ARGreferencesequence

16Ssequence reads 16Ssequence

where NARG‐likesequence and N16Ssequence are the number of the ARG‐

like sequence annotated by AMRPlusplus and the number of the 16S

sequence identified by Metaxa version 2.2 (Bengtsson et al., 2011),

respectively, while Lreads, LARGreferencesequence, and L16Ssequence are the

length of sequencing reads, the sequence length of the correspond-

ing specific ARG reference sequence in MEGARes databases, and the

average length of the 16S sequence, respectively.

2.5 | Alpha and beta diversity and statistical test

Both AMR and Kraken counts were normalized based on shifts in the

distributions of counts using normalization of Cumulative Sum

Scaling (CSS) in R (version 4.2.1) via the metagenomeSeq package

(version 4.1‐8) (Paulson et al., 2013). For alpha diversity, the

normalized abundances from AMRPlusplus and Kraken in each level

of classification were used to calculate Shannon and Simpson indices

along with evenness in R using the Phyloseq package (version 1.9.2)

(McMurdie & Holmes, 2013). Beta diversity was analyzed using

nonmetric multidimensional scaling (NMDS) analysis based on

Bray–Curtis dissimilarity in R via Vegan (version 2.6‐4) (Dixon, 2003).

The separation between treatment groups was tested with PerMA-

NOVA via Vegan. All of the custom R scripts for analysis and graphic

generation were available on GitHub via https://github.com/

skittikun/Saliva_Metagenomic_DNA.git.

3 | RESULTS

3.1 | General information

Five saliva samples were subjected to two extraction conditions: with

and without MetaPolyzyme treatment, resulting in a total of 10

extracted DNA samples for sequencing. The average DNA concen-

tration across all samples was 33.1 ng/μL, ranging from 21.4 to

40.6 ng/μL, with similar concentrations observed in both the enzyme‐

treated group (average of 33.5 ng/μL) and the nontreated group

(average of 32.7 ng/μL) (Figure 1a and Table 1).

A total of 727 million paired‐end DNA sequences were

generated, with an average of 72.7 million sequences (range:

70.2–87.1 million). After filtering human DNA from the raw

reads, an average of 30.5% nonhuman DNA was observed, with a

range from 9.0% to 52.5%. Notably, the nontreated group

exhibited lower levels of nonhuman DNA, averaging 22.5%,

compared with the enzyme‐treated group with an average of

38.5% (Figure 1b and Supporting Information: Table S1). Subse-

quent quality control processes with AfterQC retained a total of

221 million paired‐end reads, with an average of 22.2 million

reads (range: 6.3–38.0 million). The enzyme‐treated group had an

average of 27.5 million reads, while the nontreated group

averaged 16.8 million reads (Figure 1c).

3.2 | Effects of chemical cell lysis treatment on
microbiome composition

Taxonomic assignments were performed with KrakenUniq on the

preprocessed sequencing data, identifying bacterial and archaeal

reads in the saliva metagenome at an average of 72.6% (range:

65.4%–81.6%). Taxonomic classification at the genus level

assigned the reads to a total of 297 genera, of which 241 genera

(81.1%) were shared between the samples treated and not
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F IGURE 1 Comparison of general characteristics in extracted saliva metagenomes between enzyme‐treated and nontreated groups. Dot
plots illustrate (a) DNA concentration, (b) the percentage of nonhuman DNA, and (c) the number of high‐quality reads in both nontreated (Blue)
and enzyme‐treated groups (Yellow). The middle line within each box represents the mean values, while the upper and lower lines denote the
mean values with their respective standard deviations.

TABLE 1 Statistics of the extracted metagenomic DNA and sequencing data.

Sample ID MetaPolyzyme
DNA concentration
(ng/μL)

Number of reads (reads) Bioinformatics hits (hits)a

Raw sequence
reads

Nonhuman
DNA

Reads
passed QC Phylum hits AMR hits

16s
rRNA hits

8019 Treated 33.4 145,498,024 76,175,152 76,036,166 24,786,728 71,402 59,410

Nontreated 34.6 140,302,012 52,779,030 52,681,078 16,056,284 35,892 33,238

8035 Treated 32.4 143,766,854 44,306,390 44,219,264 15,958,973 50,799 33,621

Nontreated 37.2 140,301,722 21,856,684 21,808,206 7,250,405 17,462 14,377

8053 Treated 29.2 140,303,438 60,249,462 60,111,518 23,027,393 88,765 52,509

Nontreated 21.4 142,034,834 26,617,996 26,573,646 9,703,433 21,928 19,177

8075 Treated 40.6 143,766,798 71,027,646 70,867,208 22,340,731 90,705 54,640

Nontreated 30.0 174,230,434 54,721,854 54,542,900 16,403,991 63,780 33,086

8077 Treated 31.8 143,765,750 23,972,680 23,915,868 9,025,354 34,675 19,798

Nontreated 40.4 140,303,030 12,538,640 12,512,462 3,978,411 9242 8283

aPhylum, AMR, and 16s rRNA hits were analyzed by using KrakenUniq, AMRPlusPlus, and Metaxa, respectively.
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treated with MetaPolyzyme, and 29 (9.8%) and 27 (9.1%) genera

were unique to each group, respectively (Figure 2a and Support-

ing Information: Table S2).

The enzyme‐treated samples predominantly contained Strepto-

coccus, Gram‐positive bacilli bacteria, while nontreated samples

predominantly contained Prevotella, Neisseria, and Veillonella, all of

which are Gram‐negative bacteria (Figure 2b). Inverse Simpson index,

Shannon diversity index, evenness, and richness were calculated at

each taxonomical level and are summarized in Supporting Informa-

tion: Table S3. Evenness between the MetaPolyzyme‐treated group

and the nontreated group was statistically different at all taxonomical

levels, except at the phylum level, while the inverse Simpson index,

Shannon diversity index, and richness were not statistically different

among both groups at all levels (Figure 3a–c and Supporting

Information: Table S3).

Bray–Curtis dissimilarity was performed at the genus level to

determine the dissimilarity among the treated and nontreated

samples, as shown in Figure 4a. NMDS analysis showed that the

saliva microbiome between both groups was significantly different at

the phylum, class, and genus levels, with the highest significance at

the genus level (p = .006) (Supporting Information: Table S4). Since

the relative abundance results suggested that both groups also

exhibited different microbiome compositions of Gram‐positive and

Gram‐negative bacteria, beta diversity was also assessed at this level,

confirming the differences between both groups (p = .037)

(Figure 4b).

3.3 | Effects of chemical cell lysis treatment on
ARG composition

The ARG‐associated reads were identified and matched with the

MEGARes AMR database using AMRplusplus version 2.0, with a

gene fraction threshold set at 80%. The results showed that, from

all samples, 214 ARGs were identified, where 166 ARGs (77.6%)

were shared between both groups (Figure 2c,d and Supporting

Information: Table S5), spanning across 10 AMR classes, including

tetracyclines, MLS, β‐lactams, multimetal resistance efflux

pumps, multidrug resistance efflux pumps, multibiocide efflux

pumps, drug and biocide efflux pumps, phenolic compounds,

F IGURE 2 Taxonomical and resistance profile comparison between enzyme‐treated and nontreated groups. Venn diagrams illustrating the
identified (a) genera and (c) ARGs in nontreated (blue) and enzyme‐treated groups (yellow). Stacked bar charts display the relative abundance of
the taxonomical composition of (b) the top 10 genera and (d) AMR drug classes.
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fluoroquinolones, mercury, and aminoglycosides. The number of

unique ARGs in enzyme‐treated and none‐treated groups was 37

(17.3%) and 11 (5.1%), respectively (Figure 2c).

Comparing the resistome composition between the two

groups revealed that all samples in the treated group contained

a higher proportion of ARGs for fluoroquinolones, phenolic

compounds, multi‐biocide efflux pumps, and drug and biocide

efflux pumps. They also had a lower proportion of ARGs against

tetracyclines and β‐lactams compared with their corresponding

samples in the nontreated groups (Figure 2d). Inverse Simpson

index, Shannon diversity index, evenness, and richness were also

calculated at the ARG level and summarized in Supporting

Information: Table S3, which showed that the evenness index

between both groups was statistically different at the ARG level

(p = .034), while the others were not statistically different

(Figure 3d–f). The dissimilarity between the treated and non-

treated groups at the ARG level was determined using

Bray–Curtis dissimilarity, which showed that the saliva micro-

biome between both groups was significantly different (p = .006),

as shown in Figure 4c.

4 | DISCUSSION

The oral microbiome is a complex and diverse ecosystem that plays a

crucial role in maintaining oral health and potentially influencing

systemic health, which also presents as an important reservoir for

ARGs. In this study, we aimed to investigate the effects of cell lysis

treatment on the composition and diversity of the oral microbiome

and resistome, as well as the quality and quantity of extracted DNA.

Recognizing the contributions of previous studies that have explored

the effects of various treatments on DNA extraction from the salivary

microbiome and other microbiomes (Ducarmon et al., 2020; Gand

et al., 2023; Lazarevic et al., 2013; Sohrabi et al., 2016; Sui et al., 2020;

Teng et al., 2018), we hypothesized that the MetaPolyzyme

treatment would enhance the efficiency of DNA extraction, thereby

potentially providing a more representative analysis of the oral

microbiome and resistome.

Clinical sample collection isolates microbes from the external

environment, resulting in a fixed microbial composition at the time of

acquisition, and remains stable unless post‐collection contamination

or growth occurs. DNA extraction plays a crucial role in shaping the

F IGURE 3 Alpha diversity analysis of the oral microbiome and resistome. Box plots comparing alpha diversity indices at the genus level (a–c)
and ARG level (d–f) between the nontreated group (blue) and enzyme‐treated group (yellow). The alpha diversity indices assessed include
evenness (a and d), richness (b and e), and the inverse Simpson diversity index (c and f).
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results of metagenomic studies on the oral microbiome, but it's

important to note that different extraction methods primarily affect

DNA availability and not the actual composition of the microbial

community. Consequently, observed levels of DNA from different

oral microbiome members are approximations, highlighting the

limitations of accurately capturing the true composition.

A silica column‐based extraction method, like in this study,

utilizes a lysis buffer and proteinase K, which are designed to break

down bacterial cell membranes and disrupt interfering proteins,

enabling the lysis of bacterial cells and the release of their DNA

(Salazar & Asenjo, 2007). However, it is important to acknowledge

that certain bacteria, such as those with thick peptidoglycan cell walls

like Gram‐positive bacteria, may be less efficiently extracted using

this method and could potentially be underrepresented in the

subsequent metagenomic analysis (Kauffmann et al., 2004). To

enhance inclusiveness, additional mechanical or enzymatic methods

may be necessary before extraction. This is especially important

when investigating the oral resistome to obtain an accurate

representation of resistance genes in the human oral cavity.

Mechanical methods like bead beating or sonication can exert

physical force on DNA molecules, which may result in shearing if

the conditions are not carefully controlled (Burden, 2012). Therefore,

if preserving DNA integrity is crucial, as is the case for techniques like

long‐read metagenomic sequencing, enzymatic methods may be

preferred.

In our study, we determined the effects of the enzymatic method

using MetaPolyzyme, which comprises a mixture of microbial lytic

enzymes, including achromopeptidase, chitinase, lyticase, lysostaphin,

lysozyme, and mutanolysin (Tighe et al., 2017). It was designed to

facilitate the breakdown of cell wall components, leading to more

F IGURE 4 Beta diversity of the oral microbiome and resistome. Bray–Curtis dissimilarity comparisons between the nontreated group (blue)
and enzyme‐treated group (yellow) are presented at the (a) genus level, (b) Gram stain level, and (c) ARG level using NDMS.
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efficient lysis of resulting spheroplasts or protoplasts, which have

been used in several human‐related metagenomic studies such as in

the gut, bronchoalveolar lavage fluid, and oral cavity (Al‐Hebshi

et al., 2019; Baraniya et al., 2020; Maghini et al., 2021; Saladié

et al., 2020). This approach has been previously tested with

metagenomic nanopore sequencing in human stool samples and has

also been employed for the rapid detection of pathogens and ARGs in

urine samples through nanopore sequencing (Moss et al., 2020;

Zhang, Huang, et al., 2022). Building upon this foundation, our study

aims to extend the knowledge base by specifically investigating the

impact of MetaPolyzyme on the oral resistome, an area that has not

yet been exclusively examined.

Our results indicated that cell lysis treatment significantly

influenced the detectability and representation of microbial DNA,

thereby affecting the observed composition and diversity in the

analysis of the oral microbiome. Taxonomic analysis at the genus

level indicated that the treatment resulted in an apparent shift in the

predominant bacterial genera, from a predominance of Gram‐

negative bacteria in the nontreated group to Gram‐positive bacilli

bacteria in the enzyme‐treated samples. These results were in

accordance with previous studies that reported the presence of

Streptococcus as one of the dominant oral bacteria, where 18 species

reside within the oral cavity, such as S. mutans, S. oralis, and S.

sanguinis (Baty et al., 2022; Okahashi et al., 2022).

Aligning with previous studies demonstrating MetaPolyzyme

treatment's ability to improve the recovery of DNA from Gram‐

positive bacteria (Tighe et al., 2017; Zhang, Chen, et al., 2020;

Zhang, Huang, et al., 2022), our findings suggest that the enzyme

treatment may enhance the recovery of DNA from Gram‐positive

bacteria, leading to an apparent increase in their representation

relative to Gram‐negative bacteria in the analyzed oral microbiome

samples. Additionally, the sequencing results also showed that a

lower proportion of human DNA to nonhuman DNA was observed

when saliva samples were treated with the enzyme, which could be

associated with the increased release of bacterial DNA in the

extraction process as well.

Alpha diversity analysis on the taxonomical classification

suggests that enzymatic treatment with MetaPolyzyme did not have

a substantial impact on species diversity or the number of unique

species within each sample but rather influenced the relative

abundance of each species in the samples. This effect could be

attributed to the enzyme treatment's ability to enhance cell lysis,

thereby affecting the even distribution of species in the samples.

Beta diversity analysis using Bray–Curtis dissimilarity further high-

lighted differences between the treated and nontreated groups,

where the saliva microbiome between both groups was significantly

different at the phylum, class, and genus levels, with the highest

significance observed at the genus level. This observation highlights

the significant impact of cell lysis treatment on the detectability and

representation of microbial DNA within the oral metagenome.

The effects of cell lysis treatment on ARG composition in the oral

metagenome were also examined in this study, spanning over 10

AMR classes, indicating the diversity of resistance mechanisms

present in the oral cavity, similar to the reports from other studies

(Anderson et al., 2023; Caselli et al., 2020; Sukumar et al., 2023;

Tansirichaiya et al., 2016, 2017; Tansirichaiya et al., 2022; Wigand

et al., 2021). The alpha diversity indices at the ARG level also

revealed similar results as in the microbiome analysis, where the

evenness was statistically and significantly different between the

treated and nontreated groups, but there were no significant

differences in the inverse Simpson index and richness. This indicates

that the treatment influenced the even distribution of ARGs without

significantly affecting their overall diversity. Bray–Curtis dissimilarity

at the ARG level further supported the notion that cell lysis treatment

altered the resistome composition. The dissimilarity between the

treated and nontreated groups at the ARG level was significant,

emphasizing the role of treatment in shaping the oral resistome.

These findings collectively underscore the importance of

considering cell lysis treatment in studies of the oral microbiome

and resistome. The observed differences in the representation of

microbial taxa and resistance gene distribution underscore the

importance of sample processing techniques in influencing the

results of metagenomic analyses, reflecting variations in DNA

extraction efficiency. It was shown previously that different extrac-

tion methods could have a great impact and influence the detected

microbiome structure generated from the samples (Costea et al., 2017;

Stinson et al., 2018). It was also suggested to be dependent on the

characteristics of the samples, as they are all different, such as in the

types of microbes and the nature of the samples. For instance, when

investigating soil and fecal microbiomes, additional decontamination

steps are often necessary to remove inorganic and organic particles

that might impede the effectiveness of cell lysis and potentially

disrupt subsequent DNA purification and enzymatic processes (Davis

et al., 2019; Ducarmon et al., 2020; Gand et al., 2023; Lim et al., 2020;

Sui et al., 2020). In contrast, DNA extraction from aquatic

environmental samples, which typically contain significantly lower

levels of such interfering substances, can be carried out directly using

protocols designed for pure culture (v. Wintzingerode et al., 1997). It

is, therefore, crucial to test and optimize for the most suitable

extraction approaches to obtain comprehensive and accurate data for

downstream analysis.

Typically, investigating the microbiome by targeted metage-

nomics through 16S rRNA sequencing which uses DNA primers

amplifying tarting region of 16S rRNA such as V3‐V4 variable regions

for gut microbiome and V1‐V2 for oral microbiome (Na et al., 2023).

Therefore, the contamination of host DNA in the extracted DNA

would not affect the sequencing depth and downstream analysis

much. However, to investigate the resistome, the extracted DNA has

to be sequenced through shotgun metagenomics to analyze all DNA

fragments without amplification to comprehensively analyze ARGs.

In shotgun metagenomics, nonbacterial DNA, such as host DNA,

can consume sequencing reads and diminish the sequencing depth of

bacterial DNA (Greathouse et al., 2019). This is particularly relevant

in the human oral cavity, where contamination with human cells is

common. Given that the human genome is roughly a thousand times

larger than the average bacterial genome, it can easily overshadow
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microbial sequencing reads. To address this issue, two primary

approaches can be employed: generating more sequencing reads to

achieve sufficient sequencing depth for bacterial DNA analysis or

depleting host DNA during an additional extraction step (Marotz

et al., 2018), which both can be costly. In our study, we demonstrated

a reduction in the proportion of human DNA in saliva samples treated

with MetaPolyzyme compared with the untreated group. This is likely

attributed to the enzyme's ability to enhance the lysis of bacterial

cells, resulting in an increased yield of bacterial DNA within the

samples.

While our study offers valuable insights into the impact of

MetaPolyzyme treatment on the detectability of the oral microbiome

and resistome, it is crucial to acknowledge certain limitations. The

study was conducted with a relatively small sample size, comprising

saliva samples from five healthy individuals. While this enabled a

detailed analysis for comparing the microbiome and resistome

between the treated and nontreated groups, the generalizability of

the findings to broader populations may be constrained. Future

studies with larger sample sizes are warranted to confirm and extend

the applicability of our conclusions. Furthermore, by examining

diverse populations and accounting for individual variations in the

oral microbiome, we can gain a more nuanced understanding of how

MetaPolyzyme treatment affects the recovery and representation of

microbial DNA in metagenomic analyses.

5 | CONCLUSIONS

This study provides valuable insights into the effects of cell lysis

treatment on the detection and representation of the oral micro-

biome and resistome. The observed shifts in microbial composition

and resistance gene distribution highlight the need for standardized

protocols in metagenomic studies and underscore the importance of

continued research in understanding the dynamics of the oral

resistome in the context of antimicrobial resistance.
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