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Glucanohydrolases have shown promise in degrading
exopolysaccharides in cariogenic biolms, making them a
potential strategy or biolm control without disrupting the oral
microbiota. However, their direct antimicrobial effects remain
unclear. Aim: To determine the antimicrobial activity on S.
mutans of two newly discovered glucanases characterized by
ourgroup,PmGH87(mutanase) fromPrevotellamelaninogenica
and CoGH66 (dextranase) from Capnocytophaga ochracea,
using a commercial dextranase from Penicillum sp. as a
control.Methods:Their effects on growthwere assessed using
a luciferase reporter system coupled with the promoter of the
ldh gene in Streptococcus mutans. Results: Quantication
of optical density and luminescence over a 10-hour growth
period revealed that the commercial dextranase exhibited
inhibitory effects on S. mutans growth. However, these effects
were neutralized by heat treatment, suggesting the presence
of a heat-sensitive contaminant or an additional antimicrobial
property associated with the commercial dextranase from
Penicillum sp. On the other hand, the puried mutanase and
dextranase enzymes had no inhibitory effect on S. mutans
growth. Conclusion: In conclusion, the absence of inhibitory
effects on S. mutans growth by the newly discovered enzymes
emphasizes their potential or biolm control while preserving
the delicate balance of the oral microbiota and preventing the
emergence of resistance.

Keywords: Streptococcus mutans. Dextranase. Anti-Infective
agent.
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Introduction

Glucanohydrolases have demonstrated potential in degrading biolms by speci-
cally targeting the polysaccharides within the extracellular matrix1. In the oral cavity,
biolms are constantly ormed on tooth suraces, and due to the requent consump-
tion of sucrose, large amounts of extracellular polysaccharides (EPS) are synthe-
sized, mainly glucans, such as α(1→3)-linked (mutans) and α(1→6)-linked (dextrans)
glucans2. EPS avor the adhesion and accumulation o biolm, and i not removed,
contribute to the development of dental caries. Therefore, the degradation of dex-
trans and mutans by the enzymes α(1→3)- and α(1→6)-glucanases (mutanase and
dextranase, respectively) have shown promise in degrading exopolysaccharides in
oral biolms3.

Furthermore, these enzymes exhibit substrate-specicity, making them a poten-
tial strategy or controlling biolms without disrupting the oral microbiota4. This
differentiates them from traditional antimicrobial therapies, which may harm the
commensal microbiota and contribute to antimicrobial resistance. As an alternative
approach, they have been explored in combination with conventional antimicrobials
to investigate potential synergistic anti-biolm eects4-6. By breaking down the EPS
barrier, glucanases acilitate the penetration o antimicrobials deeper into biolms
to prevent bacterial regrowth. However, it is crucial to consider the possible impact
of these enzymes on bacterial growth, as they may carry antimicrobial compounds
from themicroorganisms used for their isolation or other impurities that could inhibit
bacterial growth, and thus result in anti-biolm eects not solely related to the direct
activity of glucanases in degrading EPS. Of note, this aspect of glucanase activity
is oten overlooked in studies investigating their efcacy as anti-biolm agents4-9.

Therefore, we investigated the antimicrobial activity of two newly discovered gluca-
nases characterized by our group, PmGH87 (mutanase) from Prevotella melaninogen-
ica and CoGH66 (dextranase) from Capnocytophaga ochracea, using a commercial
dextranase from Penicillum sp. as a control. Previously, our group demonstrated the
potential of such enzymes on S. mutans biolm inhibition and degradation10-11. Here,
we assessed the impact of the enzymes on the growth and metabolism of Strepto-
coccus mutans cultures in real-time using both optical density and a luciferase ldh
gene reporter, respectively.

Material and Methods

Expression and purication o cloned mutanase (PmGH87) and dextranase
(CoGH66)

The nucleotide sequences encoding the GH87 mutanase rom Prevotella melanino-
genica (PmGH87) (GenBank ID: WP_004358976.1) and the GH66 dextranase rom
Capnocytophaga ochracea (CoGH66) (GenBank ID: WP_128091406.1) were ampli-
ed rom the respective genomic DNA and cloned, as previously described by Cor-
tez et al.10 (2023). Heterologous protein expression was performed in Luria-Bertani
(LB) broth containing 50 μg/mL o kanamycin at 37°C and 180 rpm until OD 0.6
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(600 nm) ollowed by induction with 1 mM IPTG at 18°C or approximately 16 h.
Then, the cells were harvested by centriugation and resuspended in 50 mM Tris-HCl
(pH 8.0), 200 mM NaCl, 1 mM PMSF buer and stored at 4 °C beore purication.

Purication o expressed mutanase (PmGH87) and dextranase (CoGH66)

Enzyme purication was carried out ollowing the protocol described by Camilo and
Polikarpov12 (2014). Briey, the resuspended cells were disrupted perorming six
cycles o sonication on ice bath using a Sonic Dismembrator Sonier (Fisher Sci-
entic, Hampton, USA) at 40% amplitude. The resulting lysate was then claried by
centrifugation at 20,200 x g at 4°C or 30 min to remove cell debris, and the result-
ing supernatant was used or mutanase or dextranase purication. The superna-
tant rom each sample was loaded in a column containing Ni-NTA Superow resin
(Qiagen, Hilden, Germany), previously equilibrated with 50 mM Tris-HCl (pH 8.0) and
200 mM NaCl buffer. Elution was performed using an imidazole gradient. The result-
ing eluted protein ractions were combined and concentrated using a 50 kDa molec-
ular cut-off concentrator to reduce imidazole concentration to less than 20 mM. The
resultant sample was incubated with recombinant TEV protease at 4°C or 16 h or
6xHis-thioredoxin tag removal from the target enzyme. Finally, a second Ni²+ afnity
chromatographic step was used for separation of tag-free mutanase or dextranase
rom contaminants and TEV protease. The protein sample’s purity was conrmed
by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) under
denaturing conditions. The puried enzymes were reeze-dried and, previously to
start the biolm assay, enzymes were resuspended Phosphate-Buer Salive (PBS)
solution 1 X, pH 8.0. The concentration was determined using Nanodrop 1000 spec-
trophotometer (Thermo Scientic, Waltham, EUA), measuring absorbance at 280
nm and applying the calculated extinction coefcient (Ɛ = 165180 M−1 cm−1 for muta-
nase and Ɛ = 122000 M−1 cm−1 for dextranase)12.

Experimental treatments

In addition to mutanase (PmGH87) from Prevotella melaninogenica and dextranase
(CoGH66) from Capnocytophaga ochracea, both of which were expressed and puri-
ed, a commercially available dextranase (α-(1→6) glucanase, EC3.2.1.11, from Peni-
cillium sp.; Product number: D4668-1KU; Batch number: 0000136817) was evaluated
as control. The three enzymes were also evaluated in their denatured form by heating
them at 100°C or 15 min10. The antimicrobial chlorhexidine digluconate (CHX), com-
monly used in mouthwash, was used as the positive control, while only pure CDM
medium as the negative control.

Bacterial growth and lucierase reporter bioassay

Lactate dehydrogenase (ldh) gene is constitutive in streptococci and plays a cru-
cial role in the ATP-generating pathway, providing information into both viability
and metabolic status13. In this study, an isogenic mutant strain of Streptococcus
mutans UA159 containing a lucierase reporter or ldh gene (designated as SM120)
as described by Dornelas-Figueira et al.14 (2023), was used in the bioassay. Briey,
bacterial inoculum of S. mutans SM120 was prepared in Chemical Dened Medium
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(CDM) containing 1% glucose15. Overnight culture of S. mutans SM120 reporter
strain was adjusted to an OD 0.7 (600 nm). The enzymes, active or denatured, were
prepared at a concentration o 0.125 mg/mL (w/v) in the bacterial inoculum. This
enzyme concentration was chosen based on our previous study3, where the lower
dosage to cause a signicant S. mutans biolm degradation was 0.125 mg/mL
(w/v). The positive control was prepared with 0.12% chlorhexidine digluconate in
bacterial inoculum, as well as a group with 0.12% chlorhexidine digluconate in pure
medium. A negative control group consisting of the inoculum without any treatment
and a blank containing only pure medium were also prepared. A group containing
inoculum without added luciferin was also included as a control in the luminescence
assay. Aliquots o 200 µL o the mixtures were added in 96-well at bottom plates
(Nunc Thermo Scientic), ollowed by the addition in each well o 10 μL of 1.0 mM
luciferin solution (Synchem, Felsberg-Altenberg, Germany) at room temperature.
The plates were incubated at 37°C, 10% CO2 for 10 h. The optical density (OD),
as an indicative of bacterial growth, and relative light unit (RLU), as an indicative
of bacterial metabolism, were measured every 30 min after a 10-seconds elliptical
agitation in a microplate reader (Synergy HT; BioTek, Winooski, VT, USA). The data o
CHX in inoculum was subtracted from that in the pure medium, as the antimicrobial
produced a whitish color in the medium, which affected OD measurement. RLU and
OD data were log transformed and the area under the curve (AUC) for OD or RLU x h
were calculated. Three independent experiments were conducted in triplicate, with
each experiment carried out on different days.

Statistical Analyses

The data were analyzed by comparing treatment groups to the positive control
group (CDM + S. mutans for OD data, or CDM + S. mutans + luciferin for RLU data).
Each time point for OD and RLU curves was analyzed by two-way Anova followed
by Dunnett’s Test (α=5%), considering as actors treatments and time. The AUC
(OD or RLU x h) was analyzed by one-way Anova, Dunnett’s Test (α=5%). Statistical
analysis was conducted using GraphPad Prism 9, and a p-value < 0.05 was consid-
ered statistically signicant.

Results

Quantication o optical density (OD) and luminescence (RLU) over the 10-h incuba-
tion period revealed that the commercial dextranase exhibited inhibitory effect on the
growth of S. mutans. The commercial dextranase, chlorhexidine and negative control
groups presented no growth quantied by OD or ldh activity by RLU when compared
to the respective positive control groups ater 5 h-growth (Fig 1.A) and 1 h-growth
(Fig 2.A), respectively. However, this effect was not observed for the commercial dex-
tranase submitted to the heat-denaturation procedure (Fig 1.A and 2.A). Additionally,
cultures in the presence of the other enzymes (whether denatured or not) exhibited
similar growth and metabolic patterns to their respective positive control groups over
the incubation period (Fig 1.A and 2.A).
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Figure 1. Optical density (OD) quantifcation (Log). A. S. mutans 10 h-growth curve (n=3; mean ± SD)
according to the treatments. B. Area under the curve or OD x h. * means signifcant dierences against
CDM + S. mutans control group.

The AUC data for both OD and RLU compile the results observed at each time point
throughout the entire period of the experiment. The active commercial dextranase
exhibited lower values or both growth (AUC-OD; p<0.05; Fig. 1B) and metabolism
(AUC-RLU; p<0.05; Fig. 2B) o S. mutans compared to the positive control. However,
the commercial heat-denatured dextranase did not dier signicantly rom the posi-
tive control or both analyses (p > 0.05; Fig. 1.B and 2.B). Mutanase and dextranase,
whether denatured or not, showed higher AUC values or OD (p<0.05) andRLU (p<0.05)
compared to the positive control.
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Figure 2. Relative light unit (RLU) quantifcation (Log). A. S. mutans 10 h-growth curve (n=3; mean ± SD)
according to the treatments. B. Area under the curve or RLU x h. * means signifcant dierences against
CDM + S. mutans + lucierin control group.

Discussion
The great advantage o employing enzymes or biolm control lies in their ability to
target specicmolecules, thereby preventing the ormation or disruption o the biolm
structure, without directly interfering with microbial viability. In the context of oral bio-
lms, it is expected that mutanases target mutans, while dextranases target dextrans.
Thereore, the use o such enzymes to control oral biolms could oer a benecial
therapy without disrupting the biological balance in the oral microbiota through anti-
microbial effects. The newly discovered and characterized mutanase from Prevotella
melaninogenica and the dextranase from Capnocytophaga ochracea have been used
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by our group to degrade S. mutans biolms10-11. In this study, we conrmed that these
enzymes do not exhibit antimicrobial effects on S. mutans cultures, highlighting their
potential to degrade oral biolms solely through specic hydrolytic action which was
veried previously10-11.

The lack o antimicrobial eect or the recombinant enzymes aligns with ndings
by Rikvold et al.16 (2024) that also evaluated the antimicrobial effects of mutanase,
DNAse, and beta-glucanase. In this context, the observed reduction of viability in
enzymatically treated biolms4,6 may be attributed to the degradation of extracel-
lular polymeric substances, which impairs bacterial aggregation during biolm or-
mation or detaches bacterial cells rom already ormed biolms. Our study supports
this hypothesis, as the recombinant enzymes did not aect the planktonic growth
of S. mutans (Fig. 1 and 2), which has been considered one thousand more suscepti-
ble to antimicrobials in its planktonic than in biolms17,18.

Differently, commercial dextranase exhibited a similar inhibition of bacterial growth as
digluconate chlorhexidine (Fig. 1 and 2). However, when the commercial dextranase
was heated-denatured, bacterial growth occurred similarly to the untreated group.
Thus, it could be speculated a possible antimicrobial effect of commercial dextra-
nase. However, the substrate-specicity action o such enzymes or the recombinant
enzymes, as observed in our study and the reported by Rikvold et al.16 (2024), do not
support this hypothesis. Additionally, S. mutans cultures were grown in a chemically
dened medium (CDM) supplemented with glucose instead o sucrose, which cannot
lead to the synthesis of exopolysaccharides such as dextran and mutan that com-
prise the biolm matrix. As a result, the antimicrobial eect could also not be due to
EPS protection. Thus, the absence of enzymatic activity observed in this experiment
could be attributed both to the lack o available substrate and the enzymes’ inability to
exert antibacterial effects. Amore plausible explanation would be contaminants in the
lyophilized enzyme product that could affect the bacterial viability.

Indeed, the certicate o analyses o the commercial dextranase does not oer details
regarding the enzyme’s production or purication process. In act, it states that the
protein content is 20.85% o the whole product. However, it is unclear whether this
percentage specically reers to the dextranase, as the total protein content was
quantied using Lowry’s method19. Additionally, ungal dextranases are known to be
produced by induction methods3 where the enzyme is secreted extracellularly along
with many others fungal products that may not be removed if enzymes are not prop-
erly puried. Considering that the commercial dextranase was produced by Penicil-
lium spp., it is possible to speculate that the presence of penicillin as a contaminant
could have contributed to the observed antimicrobial effect. In contrast, in our study,
we used a well standardized protocol for intracellular heterologous expression of the
mutanase and dextranase, as well as or protein purication10-12.

It is worth noting that the commercial dextranase used in our study has been widely
utilized in studies as a test or control enzyme in biolm assays4-5,8. Upon reviewing the
literature, we found one study7 in which another commercial enzyme was employed to
specically test its eect on the growth o S. mutans in culture, with notable inhibitory
results. While this may be a true eect, the purication grade o such commercial
enzyme is not informed and may have an impact on its observed effects.



8

Queiroz et al.

Braz J Oral Sci. 2024;23:e246163

Overall, our studyhighlights thenecessityo implementingapuricationstepater enzyme
production to ensure the removal of any contaminants that may not only affect microbial
viability but also pose toxicity risks to humans, particularly in the context o enzyme appli-
cation in oral care products. Enzymes can also be a desirable strategy when antimicrobi-
als are needed. Despite biolms being resistant to antimicrobials17, enzymes may play a
crucial role in degrading EPS, facilitating antimicrobial diffusion, and enhancing bacterial
killing4-6. Thus, enzymes contaminated with antimicrobials may lead to an overestimated
reduction in bacterial viability. Besides, the presence o antimicrobials in biolms can
result in secondary effects18 that may also impact other evaluated outcomes.

Some limitations o our study should be highlighted. While the oral cavity hosts hun-
dreds of different species20, our study focused only on S. mutans. However, S. mutans
is a relevant species due to its ability to produce an EPS-richmatrix and its association
with biolms, which contribute to dental caries21-23. Since EPS is the target substrate for
dextranases and mutanases, the use of this microorganism was appropriate. Regard-
ing the impact on other bacterial species, Rikvold et al.16 (2024) did not observe any
antimicrobial effects. Therefore, studies evaluating commercially available enzymes
aimed at degrading components o the biolm matrix must include bacterial viability
controls, as contaminants within the contents may interfere with bacterial growth or
metabolism. In addition, the inhibitory effects of the commercial dextranase are not
clear and require urther investigation.

In conclusion, the absence of inhibitory effects on S. mutans growth by the newly
discovered and characterized enzymes emphasizes their potential or biolm control
while preserving the delicate balance of the oral microbiota and mitigating the emer-
gence o resistance. In addition, this study highlights the potential o biolm reduction
previously demonstrated by our group to be solely attributable to the enzymatic spe-
cic action on the EPS substrate. Furthermore, it is crucial to urther investigate the
underlying mechanisms responsible for the observed inhibitory effects of the com-
mercial dextranase, as it is commonly employed in research to evaluate anti-biolm
properties. Additionally, future research should explore the broader applications of the
newly discovered enzymes to harness their full potential in oral health interventions.
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