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Abstract

Unlike sucrose, sucralose is a non-cariogenic artificial sweetener, commonly included in
dental care products such as chewing gums, toothpastes, and mouthrinses to enhance pal-
atability for consumers. While its non-cariogenic action is well established, there is limited
evidence regarding the potential anti-cariogenic mechanisms of sucralose. This study in-
vestigated whether sucralose interferes with QS involved in oral bacterial biofilm for-
mation. A representative LuxR-type QS regulator, LasR, was expressed in the presence of
sucralose and/or its native ligand, N-acyl homoserine lactone (AHL). The expressed pro-
tein was purified using nickel-affinity chromatography and quantified by the Bradford
assay. The findings reveal that sucralose significantly inhibits AHL-dependent signaling,
presumably by disrupting receptor-ligand interactions. These results provide insights
into a possible molecular mechanism underlying the anti-cariogenic action of sucralose,
highlighting its potential as a functional additive in oral health formulations.

Keywords: sucralose; anti-cariogenic; quorum sensing; LuxR-type regulators; LasR;
N-acyl homoserine lactone

1. Introduction

Out of the six artificial sweeteners approved by the Food and Drug Administration
of the United States (FDA), sucralose is one of the most widely consumed artificial sweet-
eners today [1] and the only one synthesized from natural sugar, sucrose (Figure 1). Su-
cralose is approximately 600 times sweeter than sucrose [2]. Three hydroxyl groups in
sucrose at positions 4, 1', and 6’ were replaced with chlorines to produce sucralose, known
scientifically as 4,1',6'-trichloro-4,1’,6"-trideoxy-galacto-sucrose or 1,6-dichloro-1, 6-dide-
oxy-p-d-fructofuranosyl 4-chloro-4-deoxy-a-d-galacto-pyranoside [3]. Despite its discov-
ery about 50 years ago (in 1976), it was not until 1998 that sucralose was approved for use
in the US [2].

Chem. Proc. 2025, x, x

https://doi.org/10.3390/xxxxx



Chem. Proc. 2025, x, x FOR PEER REVIEW 2 0of 6

OH OH
Sucrose Sucralose

Figure 1. Chemical structures of sucrose and sucralose. Three chlorine atoms are substituted for
three hydroxyl groups in sucrose at positions 4, 1, and 6’ to synthesize sucralose. Structures were

drawn using MedChem Designer, Version 5.5 (Simulations Plus Inc., Lancaster, CA, USA).

Today, sucralose is used in a wide range of products in the market, including food,
pharmaceutical, and dental care products. In contrast with other artificial sweeteners, su-
cralose remains stable when heated and thus is utilized in both fried and baked foods [4].
Sucralose is stable in a wide range of temperatures and pH, with an achievable solubility
of 280 g L' in water at 20 °C [3]. Like in foods, the use of sucralose in dental products has
increased because of its perceived benefits to dental health. Unlike sucrose, sucralose is
non-cariogenic [5]. Some of the commercially available dental products that contain su-
cralose are chewing gum, toothpastes, and mouthrinses [5,6]. In addition to the fact that
sucralose is non-cariogenic, it is also commonly used in oral health products to mask the
taste of other ingredients and make them more palatable for consumers [5,7]. Most people
perceive sucralose to have a flavour profile that is most similar to sucrose, with an evident
and readily perceptible sweetness [8].

2. Methods
2.1. Bacterial Cultivation

The E. Coli BL21-pETM-11 strain was cultivated for 24 h at 37 °C in an incubator
(Binder, Camarillo, CA, USA) on LB-agar plates (15 g L' agar; 10 g L' tryptone; 10 g L-!
NaCl; 5 g L yeast extract) supplemented with 50 ug mL-! kanamycin. A colony from the
agar plate was inoculated into 5 mL of LB broth supplemented with 50 pig mL-! kanamycin
(the tube cap was half-opened and stabilized with autoclave tape)—this was the starter
culture. The culture was then incubated for 18 h (15:00-9:00) at 37 °C while being shaken
at 140 rpm on a rotary thermoshaker (Gerhardt, Germany). For future usage, the LB-agar
plates containing the BL21-pETM-11 strain were kept at 4 °C for no longer than a month.
Double-distilled water (DDW) was used to prepare the kanamycin stock (50 mg mL-?),
which was then kept at -20 °C.

2.2. Protein Expression

The protein expression system used was Escherichia coli BL21 carrying a pETM-11
vector that codes for the LasR-LBD (His6-tagged LasR construct) [9]. An overnight starter
culture of E. coli BL21-pETM-11 with an approximate ODew of 1 was diluted a hundred
times using LB broth. Also, 300 pL kanamycin (50 mg mL-') was included in the diluted
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starter culture. Before adding the sucralose, the solution was incubated at 37 °C for 2 hrs
with 180 rpm of agitation until the ODsw reached 0.4. After the sucralose was added, 450
uL of 3-oxo-C12-HSL (5 mM) was added right away. While 450 uL of dimethyl sulfoxide
(DMSO) (final concentration: 0.15%, v/v) was used in the negative control, 450 uL 3-oxo-
C12-HSL was added in the positive control. After 30 min of agitation (150 rpm) at 20 °C,
protein expression was induced in both the tests and controls cultures by adding 120 uL
IPTG (1M). With agitation (150 rpm), the cultures were maintained at 20 °C overnight
(12:00-9:00).

2.3. Protein Purification and Determination

Following protein expression, the cells’ pellets were separated using centrifugation
for 15 min at 4 °C and 6,000 rpm and reconstituted in lysis buffer pH 8 (10 mM imidazole,
300 mM NaCl, 50 mM Na2HPOs), which contained 1 mM phenylmethylsulfonyl fluoride
(PMSF) and 1 mg mL- lysozyme. About 3 mL of the lysis buffer was then added to each
1g of pellets, and the mixture underwent peptization to create a colloidal solution, which
was transferred into 15 mL sterile Eppendorf tubes and placed on ice for 30 min. Next, the
colloidal solution was sonicated for 40 s at 4 s intervals and 3 s pulses off at 30% amplitude.
The resultant lysate underwent a 15-min centrifugation at 13,000 rpm and 4 4 °C. The
supernatant was collected for purification.

A Ni-NTA slurry portion was prepared by centrifuging 1.5 mL of beads with 10 mL
DDW for 5 min at 1,500 rpm. Following centrifugation, the concentrated nickel beads were
collected at the tube’s bottom while the DDW on top was carefully removed. The protein
fraction was added to the nickel beads and shaken at 30 rpm on a rotary shaker for 60 min
at 4 °C. Each 1 mL of Ni-NTA required 4 mL of lysate. Chromatography columns
(properly labelled) were filled with the protein-Ni-NTA mixture and left until the blue
beads settled at the bottom. Next, the columns’ bottom caps were removed and the flow-
through was collected. The columns were washed twice each with 4 mL of wash buffer
pH 8 (20 mM imidazole, 300 mM NaCl, 50 mM Na:HPOs). To elute the protein from the
columns, 0.5 mL of elution buffer pH 8 (250 mM imidazole, 300 mM NaCl, 50 mM
Na:HPOs) was added to each of the columns. The proteins were quantified using the Brad-
ford assay [10].

3. Result

In E. coli BL21, the LasR-LBD protein was expressed in the presence of 3-oxo-C12-
HSL and/or sucralose. After the protein expression, nickel-affinity chromatography was
used to purify it. Nickel attached to agarose beads via nitriloacetic acid (NTA) selectively
binds the His6-tag on the LasR-LBD construct. Phosphate buffer containing a low concen-
tration of imidazole was used to remove non-specifically bound proteins. The LasR-LBD
was eluted by employing a phosphate buffer with high imidazole concentration. The
Bradford assay was used to quantify the pure protein, as shown in Figure 2. There was no
LasR protein in the supernatant of the negative control, which contained only 0.15% (v/v)
DMSO. The positive control, which included 7.5 pM 3-oxo-C12-HSL, showed that the pro-
tein was significantly expressed. While there was no significant reduction in the protein
level at lower concentrations of sucralose, there was a significant decrease in protein levels
at higher concentrations of sucralose (5 and 10 mg mL-') compared with the control.
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Figure 3. Protein quantification of LasR-LBD protein expressed in E. coli BL21 in the presence of 3-
ox0-C12-HSL and/or sucralose. Every concentration that is displayed is the final concentration. In
the negative control (containing just 0.15% (v/v) DMSO), there was no LasR protein expressed. The
presence of 7.5 uM 3-oxo0-C12-HSL in the positive control indicated that the protein was highly ex-
pressed. The statistical technique employed was the Student’s t-test; the tests were compared with

K

the positive control. ** p <0.01, **p <0.001, and #s, not significant. The values show the mean + SD

forn=3.

4. Discussion

The findings of this study show that sucralose inhibits the expression of the LasR
protein in E. coli BL21. Sucralose interfered with the protein expression, as seen by the
poor protein expression, whereas 3-oxo-C12-HSL significantly increased protein expres-
sion. LasR:3-ox0-C12-HSL binding has been proposed to be extremely strong [11] and cru-
cial for the folding, stability, and solubility of the protein (Bottomley et al., 2007). The
LasR:3-oxo0-C12-HSL binding may have been disrupted by sucralose, whose action would
have reduced the protein’s solubility.

Several oral diseases, such as oropharyngeal candidiasis and dental caries, are bio-
film-based [12]. Therefore, it means that the pathophysiology of various oral diseases de-
pends critically on the production of biofilms. Notably, QS, a sophisticated bacterial com-
munication system, controls the production of biofilms [13]. Thus, blocking QS may pre-
vent the production of biofilms [14] and hence tackle biofilm-based oral diseases. That
suggests sucralose may have anti-cariogenic properties in addition to being non-cario-
genic. The biofilm production of Streptococcus sanguinis, Streptococcus mutans [15], and
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Porphyromonas gingivalis [16] was reported to be inhibited by sucralose. Remarkably, at the
concentration that inhibited the formation of biofilms, sucralose did not exhibit cytotoxic
effects in human cell lines [16].

5. Conclusions

According to this study, sucralose inhibits the expression of LasR, a QS regulator.
There was a considerable drop in protein levels at higher doses of sucralose (5 and 10 mg
mL) in comparison to the control, but no substantial drop at lower concentrations of su-
cralose. Sucralose suppression of AHL-dependent QS signalling was most likely by inter-
fering with receptor-ligand interactions. Since QS controls biofilm and several oral dis-
eases are biofilm-based, sucralose may have anticariogenic properties in addition to being
noncariogenic. These findings emphasise sucralose’s potential as a useful ingredient in
formulations for oral health and shed light on a putative molecular mechanism behind its
anti-cariogenic activity.
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Abbreviations

The following abbreviations are used in this manuscript:

QS Quorum sensing

AHL N-acyl homoserine lactone

NTA Nitriloacetic acid

DMSO Dimethyl sulfoxide

FDA The Food and Drug Administration of the United States

DDW Double-distilled water
PMSF Phenylmethylsulfonyl fluoride
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