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[ Abstract) Objective To investigate whether membrane vesicles (MVs) of Streptococcus mutans (S.mutans) con-
tain autoinducer-2 (AI-2) and to preliminarily explore the effects of these MVs on the growth and biofilm formation of S.

mutans. Methods MVs were isolated from the S. mutans UA159 strain using differential centrifugation. The isolated
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MVs were characterized by nanoparticle tracking analysis for particle size and concentration and observed by transmis-
sion electron microscopy. The presence of Al-2 was identified using the Vibrio harveyi BB170 bioluminescence assay:
the BB170 diluent was supplemented with AB medium (control group), MV extract (MVs group), pre-ultrafiltration su-
pernatant (Sup group), or post-ultrafiltration supernatant (Sup-af group). The effects of MVs on growth and biofilm forma-
tion were assessed using the S.mutans UA159 strain or a [uxS deletion mutant as the control group, compared with ex-
perimental groups stimulated with gradient concentrations of MVs (MVs-2.0E+7, MVs-2.0E+8, and MVs-2.0E+9
groups). Growth curves, MTT assay, and colony-forming unit (CFU) counts were used to determine changes in growth ca-
pacity. Biofilm formation was evaluated using crystal violet staining, confocal laser scanning microscopy, and the an-
throne method for polysaccharide quantification. Results Enriched S. mutans MVs were successfully obtained, with an
average particle size of approximately 94.19 nm and a concentration of 1.87E+11 particles/mL. The bioluminescence
assay showed that the luminescence intensity of the Sup group was higher than that of the Sup-af group, and the MVs
group exhibited higher intensity than the control group. Assessments via growth curves, MTT assay, and CFU counts in-
dicated no significant differences in the growth capacity of the various S. mutans strains after treatment with different
concentrations of MVs. Crystal violet staining quantification and confocal laser scanning microscopy observations re-
vealed that high-concentration MV treatment (2.0E+9 particles/mL group) resulted in lower biofilm mass compared to
the control. The anthrone method showed that the production of both water-soluble and water-insoluble polysaccharides
was significantly lower in the high-concentration MV group than in the control. Conclusion S. mutans MVs contain

the quorum sensing signal molecule AI-2. These MVs do not significantly affect the growth of S. mutans, but they can

regulate biofilm formation and exhibit an inhibitory effect at high concentrations.
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Table 1  Data of nanoflow cytometry of MVs from S. mutans

UA159
Information Data
Median size 92.25 nm
Mean size 94.19 nm
Standard deviation 15.50 nm
Sample flow rate 15.82 nl./min

1.87E+11 Particles/mL

Sample concentration

MVs: membrane vesicles. S. mutans: Streptococcus mutans
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a: nanoflow cytometry particle size distribution plot (left) and dot plot (right) show the size and distribution of membrane vesicles. The size of MVs

ranges from 60 to 160 nm. The SS-H of main particles ranges from 100 to 10 000. b: morphology of MVs from S. mutans UA159 showed by trans-

mission electron microscopy. The MVs showed in the field were round or round-like shape, and size of MVs in the field was less than 200 nm. c:

luminescence by Vibrio harveyi BB170 shows luminescence of control group (Vibrio harveyi BB170 diluent+AB medium), MVs group (Vibrio har-

veyi BB170 diluent+membrane vesicles), Sup group (Vibrio harveyi BB170 diluent+supernatant before ultrafilter), and Sup-af group (Vibrio harveyi

BB170 diluent+supernatant after ultrafilter). The MVs group shows high luminescence compared with the control group, and the Sup-af group was

lower than the Sup group. n=5. FITC-H: fluorescein isothiocyanate height, the strength of FITC signal. SS-H: side scatter height. MVs: membrane

vesicles. AI-2: autoinducer-2. S. mutans: Streptococcus mutans

Figure 1

Nanoparticle size, morphological characterization of S. mutans UA159 membrane vesicles and identification of autoin-

ducer-2
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a: growth curves of S. mutans WT strains treated by MVs shows insignificant differences. MVs-2.0E+7 means the strains in this group were treated

by 2.0E+7 Particles/mL, MVs. MVs-2.0E+8 and MVs-2.0E+9 refer to the concentration of 2.0E+8 Particles/mL and 2.0E+9 Particles/mL(n=3). b:

MTT assay shows fewer differences between the groups of S. mutans WT strains, indicating similar quantities of living bacterium (n=3). ¢: CFU of

S. mutans WT strains treated by MVs show CFU about 10' per milliliter and insignificant differences between the groups (n=3). d: growth curves

of S. mutans AluxS strains treated by MVs show insignificant differences (n=3). e: MTT assay of S. mutans AluxS strains shows similar tendency

with S. mutans WT strains, presenting no significant differences (n=3). f: CFU counting of S. mutans AluxS strains shows insignificant differences

between the groups (n=3). WT: wild type. AluxS: luxS-deficient mutant. MVs: membrane vesicles. MTT: methylthiazolyldiphenyl-tetrazolium bro-

mide. CFU: colony-forming units. MVs from S. mutans UA159 were isolated using differential centrifugation. S. mutans: Streptococcus mutans

Figure 2 Effect on growth capacity of S. mutans UA159 and AluxS strains treated by different concentration of membrane
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a: CV staining of S. mutans WT strains UA159 treated by MVs shows a significant biofilm biomass reduction in the MVs-2.0E+9 group compared
with the WT group (n=3). b: CV staining of S. mutans AluxS strains treated by MVs shows a similar trend with Figure 3a. The MVs-2.0E+9 group
formed less biofilm than the AluxS group (n=3). c: confocal laser microscopy of S. mutans WT strain biofilm. The green color refers to bacteria and
the red color refers to biofilm. The MVs-2.0E+9 group has less “red” than the other groups, indicating its hiomass of biofilm is less than the oth-
ers. d: confocal laser microscopy of S. mutans AluxS strain biofilm. The green color refers to bacteria while red color refers to biofilm. The MVs-
2.0E+9 group has less “red” part compared to other groups, indicating a lower biomass of biofilm. e: WSG and WIG of S. mutans WT strains
UA159 treated by MVs both show a relative lower mass in the MVs-2.0E+9 group compared with the WT group (n=3). f: WSG and WIG of AluxS
strains treated by MVs show a similar trend with Figure 3e (n=3). CV: crystal violet. WT: wild type. MVs: membrane vesicles. WSG: water-soluble
glucan. WIG: water-insoluble glucan. S. mutans: Streptococcus mutans
Figure 3 Effect on biofilm formation ability of S. mutans UA159 and AluxS strains treated by different concentration of mem-
brane vesicles
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