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Effect of liposomal phosphatidylcholine acyl chain
length on the bactericidal activity of liposome
encapsulated nisin on cariogenic streptococcus

mutans

Abstract

Background: Dental caries is an infectious oral disease caused by cariogenic Streptococcus
mutans. The streptococci inhabit dental-biofilms which comprise insoluble glucans.

Objectives: To prevent dental caries, liposome-encapsulated nisin prepared from
phosphatidylcholines with different acyl chain lengths were tested for bactericidal activity
against cariogenic S. mutans.

Materials and Methods: Liposomal nisins prepared from dimyristoylphosphatidylcholine
(DMPC), dipalmitoylphosphatidylcholine (DPPC), and distearoyl phoshatidylcholine
(DSPC) were tested for their bactericidal activity against S. mutans 10449 and as a
consequence, to inhibit the synthesis of insoluble glucan by the streptococci in vitro.

Results: The bactericidal activities by minimum inhibitory concentration assay, DSPC-
nisin, DPPC-nisin, and DMPC-nisin were higher by factors of 10, 3.3, and 2.5 compared
with unencapsulated nisin. Inhibition of glucan synthesis was sustained the longest by
DSPC-nisin. On the release assay of these liposomes, nisin was released at the highest
and lowest rates from DMPC-nisin and DSPC-nisin, respectively. The highest and most
sustained levels of bactericidal activity correlated with the slow release of encapsulated
nisin.

Conclusion: The DSPC-nisin may be useful for preventing the formation of dental caries
due to sustained release of nisin. Thus, prophylaxis with the liposomal nisin may serve to
maintain oral health.
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Introduction

Infectious oral diseases associated with the synthesis of insoluble
glucan-biofilm, such as dental caries, afflict the majority of the world’s
population. Insoluble glucans on tooth surfaces mediate bacterial
colonization, and are an essential element in the pathogenesis of dental
caries.! Cariogenic streptococci contribute to the synthesis of insoluble
glucan in the oral cavity, and these polysaccharides contribute to
the formation of tartar, plaque, and dental caries.” Agents that exert
sustained bactericidal activity against Streptococcus mutans may
contribute to maintaining dental health. Therefore, focuses on the
development of agents that kill S. mutans and inhibit consequently
glucan formation, because any inhibitor of glucan-biofilm synthesis
should effectively prevent dental caries. Nisin is a class I bacteriocin
produced by Lactococcus lactis subsp. lactis.® Tt has been found to
inhibit the viability of Gram-positive bacteria. Bactericidal activity
of nisin against S. mutans leads to inhibition of insoluble glucan
formation, and nisin does not appear to be toxic to normal human
gingival fibroblasts and epithelial cells.*> Furthermore, Tong et al.®

investigated the role of nisin in oral health. However, unencapsulated
nisin is degraded by enzymatic and nonenzymatic reactions.* The
advantages of liposomes include maintaining the sustained activity
of molecules that they encapsulate and releasing them on demand.”®
However, the outcome of our efforts to effectively encapsulate nisin
in liposomes was not encouraging. For the purpose of prevention
of dental caries, we investigated the effect of acyl chain lengths of
liposomal nisin against cariogenic streptococci.

Material and methods
Preparation of liposome-encapsulated nisin

Nisin was prepared from Lactococcus lactis subsp. lactis ATCC
11454 (American Type Culture Collection; Manassas, VA, USA) and
was purified as described previously.>® Liposomes were prepared using
the freeze-dried empty liposomes (FDEL) method.!® Phospholipids
with the same headgroup but different lengths of saturated
carbon chains were as follows: dimyristoylphosphatidylcholine
(DMPCQ), dipalmitoylphosphatidylcholine (DPPC) and
distearoylphosphatidylcholine (DSPC) (Avanti Polar Lipids. Inc.,
Alabaster, AL, USA). To prepare liposomal nisin, 1ml of nisin (3.0
nmol) in 5SmM sodium citrate (pH 5.0) was added to the FDEL (40
nmol), which were vortexed at 30°C, 46°C, and 60°C for DMPC,
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DPPC, and DSPC, respectively. To determine the efficiency of
encapsulation, 20ul of liposomes were mixed with 80ul of an aqueos
solution of 2% Triton X-100 and incubated at 37°C to release nisin.
Release efficiency was determined by comparing the amounts of
starting and released nisin using CBQCA protein assay kit (Molecule
Probes, Eugene, OR, USA).

Assay of bactericidal activity of liposome-encapsulated
nisin

Determinations of the minimum inhibitory concentrations
(MIC) of liposomal or unencapsulated nisin preparations against S.
mutans were performed using the broth dilution method.® The
nisin preparations were added to the wells of microplates at final
concentrations of 4.0 to 40 pmol in 50l of 10 mM sodium citrate
(pH 7.0). S. mutans ATCC 10449 in 50ul of Todd Hewitt Broth (THB;
Invitrogen, Carlsbad, CA, USA) were added to the wells, the plates
were incubated at 37°C overnight and then assayed for absorbance at
600 nm. The MIC values were defined as the lowest concentrations of
unencapsulated and encapsulated nisin that inhibited the growth of S.
mutans. Combinations of unencapsulated nisin plus individual empty
liposomes served as the control.

Assay of inhibitory effect of liposome-encapsulated
nisin on insoluble glucan synthesis

To determine the effects of liposomal nisin on the synthesis of
insoluble glucan-biofilm, insoluble glucan was generated using S.
mutans cultured in microplates. Assays were performed in a solution
containing S. mutans in 50pl of THB, 50pul of 1.0% sucrose, and
bacteriocin (unencapsulated nisin, 30 pmol; and liposomal nisin, 30
pmol as the nisin equivalent), or a mixture of unencapsulated nisin
plus an appropriate empty liposome in 100ul of SmM sodium citrate
(pH 7.0) were placed in each well. The plates were incubated at 37°C,
and insoluble glucans were quantified at appropriate times. Insoluble
glucans in each well were washed with 10 mM sodium phosphate
buffer (pH 7.0) and suspended in 200l of 1.0M sodium hydroxide.
Solubilized glucans were quantified by the phenol-sulfuric acid
method.!"" Inhibition of glucan synthesis was determined according to
the amounts of glucan-biofilm in each well compared with those in
wells lacking nisin or liposomes.

In vitro nisin release assay from liposome-encapsulated
nisin

In vitro assays of nisin release from the liposomes were performed
by incubating liposomal nisin (100 pmol nisin equivalent) in 200ul
of 5 mM Tris-HCI (pH 7.0) containing 0.02% Tween 20 at 37°C. At
the appropriate times, the supernatants obtained by centrifuging the
liposomes at 20,000xg for 10 min were assayed fluorometrically using
the CBQCA quantitation kit. The amounts of nisin are expressed as
the cumulative percentage of nisin released at each time.

Statistical analysis

Assays were performed in triplicate, and values are reported as
the mean. The standard deviation (SD) was < 5% for all assays. The
statistical significance of differences between groups was assessed
using the Student t-test, and P< 0.05 was considered statistically
significant.

Results and discussion

Because we are trying to develop liposomal nisin as prophylaxis
for dental caries, we examined the bactericidal activity of the
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encapsulated nisin against cariogenic streptococci. DMPC, DPPC,
and DSPC were used to generate of liposomes loaded with nisin.
The encapsulation efficiency of nisin in liposomes was investigated.
DPPC liposomes were most efficiently loaded with nisin accounted
for the highest efficiency (80%), followed by DSPC and DMPC
liposomes (76% each). The difference may be due to the variability
of the preparations. On encapsulation efficiencies of nisin of these
liposomes, composing phospholipids with the same polar headgroups
but with different length of saturated hydrocarbon chains had nearly
the same values.' In this regard Anderson and Omri" indicated that
the encapsulation efficiency is influenced by the interactions between
positively-charged molecules and the same zwitterionic headgroup
of phospholipids. Evaluation of liposomal nisin was assessed by
bactericidal activity against the streptococci. The MIC value of
unencapsulated nisin was 20nmol after 16 h of incubation with S.
mutans as the target microorganism compared with 8, 6, and 2 nmol
for DMPC, DPPC, and DSPC-nisin, respectively (Figure 1). Thus, the
bactericidal activity of DSPC-nisin was highest at the lowest dose.
Empty liposomes did not inhibit bacterial growth.
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Figure | Bactericidal activity of liposome-encapsulated nisin against
Streptococcus mutans. Exponentially proliferating cultures of S. mutans 10449
(absorbance of 0.02 at 600 nm) were incubated overnight at 37°C in THB
in the presence of liposomal nisin, a nisin-equivalent concentration of
unencapsulated nisin, or buffer. *P<0.05 indicates a significant difference of
MIC values of the treated cultures compared with the control of buffer alone.
Values represent the mean of triplicate assays and the bars represent the SD.

On the assessment of efficiency of bactericidal activity of above
liposomes, we assayed the inhibition of glucan-biofilm synthesis by S.
mutans in vitro. The inhibitory effects of liposomal nisin on insoluble
glucan synthesis by S. mutans are shown in Figure 2. Unencapsulated
and encapsulated nisin preparations caused a significant delay in glucan
synthesis compared with controls (P<0.05), and DPPC and DSPC-
nisin delayed glucan synthesis greater than unencapsulated nisin for
up to 4.5 h, and the increase was exponential. There was no significant
difference between the inhibitory effects of DMPC-nisin and DPPC-
nisin. DSPC-nisin delayed glucan synthesis the longest, which was
greater by a factor of 2.5 compared with unencapsulated nisin at 4.5h
(P<0.05). However, empty liposomes had no significant effect. These
findings indicate that the acyl chain length of phosphatidylcholine
mediated the sustained bactericidal activity of encapsulated nisin.
Liposomal nisin composed of DSPC exerted the highest bactericidal
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activity as compared to those containing DPPC and DMPC. The
finding may indicates that the liposome composed of DSPC can
sustain the bioactivity of nisin. Bactericidal activity paralleled the
inhibition of insoluble glucan formation, which is critically important
for preventing periodontal disease. It is desirable that the inhibition
of glucan synthesis of liposomal nisin be sustain so that a selected
formulation would suffice to achieve an efficient preventive effect for
oral health.*!! Thus, the stable bactericidal activity and long lasting
inhibition of glucan synthesis of liposomes will allow us to have
expected the dental health.
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Figure 2 Effect of liposomal nisin on insoluble glucan-biofilm synthesis by
Streptococcus mutans. Exponentially proliferating cultures of S. mutans 10449
(absorbance of 0.02 at 600 nm) were incubated in THB containing 0.25%
sucrose at 37°C for 6 h in the presence of liposomal nisin at a concentration
equivalent to that of unencapsulated nisin, a combination of corresponding
amounts of empty liposomes plus unencapsulated nisin, or unencapsulated
nisin. *P<0.05 compared with the group of buffer alone.Values represent the
mean of triplicate assays and bars represent the SD.

We assessed the data of bactericidal activity and inhibition of
glucan synthesis of these encapsulated nisin, therefore we investigated
the nisin releasing assay of these liposomes (Figure 3). In our assay
conditions, nisin was slowly released by DSPC-nisin for up to 60min,
and its level gradually increased to 50% for the next 60 min. DPPC-
nisin released nisin at an intermediate during the 120 min incubation.
The DMPC-nisin showed a quick release of nisin, through the first 30
min, on that time point, an increase in its release after 90 min with the
values of 80% was observed. These values were significantly different
at 120min. The lipid formulations of liposomes may influence the
release of encapsulated nisin.'* Furthermore, nisin releasing profiles
are proportional to the acyl chain length of phosphphatidylcholine.
DMPC, DPPC and DSPC have longer saturated acyl chains (14, 16,
and 18 carbons, respectively) and their phase transition temperatures
increase according to the chain length, which is consistent with our
finding here that DSPC-nisin retained the highest retention of nisin in
our liposomes." The relative rate of release of nisin from vesicles were
DMPC>DPPC>DSPC, which reflects the fluidity of their respective
vesicles, acyl chain length, and phase-transition temperatures,
respectively.’* With regard to the efficiency of liposomal nisin,
the selection of acyl chain length of phospholipids is quite evident
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from our finding. It has been postulated that liposome stabilization
is increased with long acyl groups which explain why DSPC-nisin
releases nisin slowly more than that of DPPC-nisin or DMPC-nisin.!2
The present study shows that by varying the lipid formulation, nisin-
release profiles from the liposomes could be generated depending on
the length of acyl chain of phospholipids. The findings indicate that
the hydrophobic interactions between positively charged nisin and the
acyl chain of phospholipids induce sustained bactericidal activity.
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Figure 3 Analysis of the release of nisin from liposomes in vitro. Liposomal
nisin was incubated in Tris-HCI (pH 7.0) containing 0.02% Tween 20 at 37°C,
and the supernatants were assayed over time.The levels of nisin are expressed
as the cumulative percentage released.The maximal value was defined as 100%
release. The assays were performed in triplicate at each time, and the bars
represent the SD. *P<0.05 compared with the group of DMPC-nisin.

Conclusion

The DSPC-nisin may be useful for preventing the formation of
dental caries due to sustained release of nisin. Our consideration in
development of liposome formulations is the long lasting bactericidal
activity against cariogenic streptococci. Therefore, our future studies
are focused on the development of nisin-encapsulated liposomes in
order to ascertain the preventive potential for maintaining oral health.
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