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ANTIMICROBAL DECAPEPTIDE ORAL 
HYGENE TREATMENT 

The present application is a continuation-in-part of U.S. 
application Ser. No. 10/795.514, filed Mar. 9, 2004, now U.S. 
Pat. No. 7,494,980, which claimed the benefit of U.S. Provi 
sional Application Ser. No. 60/455.206 filed Mar. 10, 2003, 
the content of all of which are hereby incorporated by refer 
ence in their entirety. This application also claims the benefit 
of U.S. Provisional Application Ser. No. 60/727,428 filed 
Oct. 18, 2005 and U.S. Provisional Application Ser. No. 
60/735,915 filed Nov. 14, 2005, the contents of all of which 
are hereby incorporated by reference in their entirety. 
A sequence listing is provided separately, both as a CRF on 

a compact disc, and as a separate paper copy. The Sequence 
Listing of the CRF is identical to the paper copy Sequence 
Listing. 

I. FIELD OF THE INVENTION 

The present invention relates to treatment of established 
biofilms by use of an antimicrobial decapeptide in conjunc 
tion with a surfactant or mechanical disruption. The present 
invention also relates to use of chewing gum containing an 
antimicrobial decapeptide as a Sustained antiplaque agent. 
More particularly, the present invention relates to the use of 
KSL with Surfactants or mechanical disruption in treating 
established oral biofilms and also chewing gum containing 
KSL for use as an oral hygiene treatment. 

II. BACKGROUND OF THE INVENTION 

Human oral biofilms are complex three-dimensional struc 
tures consisting of diverse and multispecies microbial com 
munities formed on colonizable surfaces (Foster et al., 2004: 
Kolenbrander and London, 1993, Kolenbrander and Palmer 
Jr, 2004; Marsh and Bradshaw, 1995). Aside from the sub 
strata's physical and chemical Surface properties, which have 
a significant impact on bacterial accumulation (Quirynen et 
al., 2000), the formation of oral biofilms involves a series of 
events. This includes the initial formation of a conditioning 
saliva-derived film (the acquired salivary pellicle) on coloni 
Zable Surfaces, the attachment of primary colonizers to host 
derived receptor molecules present in the acquired pellicle, 
the Subsequent interactions of secondary colonizers to the 
attached early colonizers, followed by the proliferation of the 
adhered bacteria (colonization), and the development of 
mature microbial communities (Kolenbrander and London, 
1993; Marsh and Bradshaw, 1995; Quirynen et al., 2000). 
Uncontrolled growth of certain resident microbes in these 
communities may contribute to the development of oral dis 
eases (Loesche, 1999). 
The development of dental caries and periodontal diseases 

is closely associated with dental plaque, which is formed as a 
result of the adsorption of bacteria or their aggregates to the 
salivary pellicle formed on tooth surfaces. For the prevention 
and treatment of plaque-related oral diseases, there is a grow 
ing interest in the use of antimicrobial agents which act 
through bacteriocidal and/or bacteriostatic mechanisms. 
Among these agents are chlorhexidine, triclosan, metal ions, 
quaternary ammonium compounds and essential oils. 
The salivary pellicle is formed through the selective 

adsorption of salivary proteins. The charged groups in the 
salivary proteins interact with charges of the opposite sign in 
the enamel and there is a predominance of negatively 
charged, acidic salivary proteins in the pellicle. Therefore, the 
affinity of the drug to teeth Surfaces or acidic salivary proteins 
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2 
is an important factor for inhibiting the formation of plaque. 
Chlorhexidine is a bis-biguanide with strong cationic activity. 
It has been previously suggested that the binding of chlo 
rhexidine to bacterial or acidic salivary components and Sub 
sequent retention on oral Surfaces is directly related to the 
degree by which chlorhexidine can inhibit plaque growth. 
Although the chlorhexidine is regarded as the most effica 
cious antiplaque agent in current use, it has several disadvan 
tages of bitter taste, impairment of taste perception, reversible 
staining of teeth and tongue and interaction with Surfactants 
in the toothpastes. 

In Applicant’s co-pending application, U.S. Ser. No. 
10/795.514, the contents of which are hereby incorporated by 
reference in its entirety, the present inventor discloses the 
discovery that the antimicrobial decapeptide KSL, and its 
analogs, may be used to prevent the formation of biofilms and 
may also be used to inhibit the growth of oral microorgan 
isms. 

While KSL showed usefulness in preventing the formation 
of oral biofilms, KSL did not have much affect on established 
biofilms. Moreover, while KSL was effective in inhibiting the 
growth of oral microorganisms, a reliable delivery method 
and treatment using KSL for oral hygiene had not been 
demonstratively shown. As will be appreciated, in situations 
where running water and toothbrushes are unavailable, meth 
ods of controlling plaque and oral biofilms are needed. For 
example, Soldiers in the field may be asked to go days or 
weeks without brushing their teeth. Moreover, given the dis 
advantages of chlorhexidine, an antiplaque treatment having 
a more palpable taste with fewer side effects is needed to help 
ensure the treatment will actually be used. 
The foregoing underscores some of the problems associ 

ated with treatment of established biofilms and using antimi 
crobial agents as an antiplaque agent. Furthermore, the fore 
going highlights the long-felt, yet unresolved need in the art 
for a reliable formulation and method for treating established 
biofilms. The foregoing also highlights the long-felt, yet unre 
solved need in the art for a palpable formulation and method 
of treating plaque when brushing is impractical. 

III. SUMMARY OF THE INVENTION 

The present invention overcomes the practical problems 
described above and offers new advantages as well. 

Recently, antimicrobial peptides isolated from a variety of 
natural sources have received attention because of their selec 
tivity for prokaryotes and promise of minimizing microbial 
resistance. Analogues of these natural peptides have been 
synthesized with the goal of improving their antimicrobial 
activity. A novel antimicrobial decapeptide (KSL) was devel 
oped by using synthetic combinatorial library technology. 
This peptide and some of its analogs has been shown by the 
present inventor to possess a broad range of antibacterial 
activity as well as inhibit the growth of oral bacterial strains 
associated with caries development and plaque formation. 
The primary structure is as follows: 

(SEQ ID NO: 1) 
Lys-Lys-Val-Val-Phe-Lys-Val-Lys-Phe-Lys-NH2) 

The use of a chewing gum as a vehicle for antiplaque agents 
is appealing from a practical and compliance standpoint. The 
advantage of a gum is that it is usually kept in the mouth 
longer than rinses and toothpastes. The active agent included 
in a chewing gum, if Successfully released into the saliva, 
would thus have ample time to bind to a variety of reception 
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sites. As KSL is also a cationic molecule containing five 
lysine residues, it may have a potential for electrostatic inter 
action with teeth Surface and acidic glycoproteins in saliva. 
KSL has been previously shown to effectively blocked 

biofilm development, while remaining relatively ineffective 
on mature biofilms. The present inventor has discovered the 
unexpected result that KSL has a significant effect on the 
viability of mature biofilms when KSL is used in the presence 
of a Surface-active agent, or after the biofilms are mechani 
cally disrupted. Accordingly, the present invention shows that 
KSL may be a useful adjunct for conventional oral hygiene to 
prevent plaque-mediated dental diseases. 
The present inventor has also discovered that the use of 

KSL in a chewing gum formulation does not suffer from the 
drawbacks of prior art antiplaque gums including bad taste, 
teeth staining, or inability to ensure Sustained release. 

Given the following enabling description and examples, 
the novel methods, means and compounds of the present 
invention should become evident to a person of ordinary skill 
in the art. 

IV. BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described in conjunction with the 
following Figures wherein: The patent or application file 
contains at leas one drawing executed in color. Copies of this 
patent or patent application publication with color drawing(s) 
will be proved by the Office upon request and payment of the 
necessary fee. 

FIG. 1 depicts a chewing apparatus and thermostatted test 
cell. The gum is placed between upper and lower Surfaces. 
The chewing procedure consists of up and down strokes of the 
lower Surface in combination with a shearing (twisting) 
movement of the upper Surface. 

FIG. 2 depicts RP-HPLC chromatograms of KSL standard 
in water (a) and incubated in 0.1 Mborate buffer (pH9) at 55° 
C. for 3 days (b). 

FIG.3 depicts the degradation kinetics of KSL in different 
pH conditions at 55° C. 

FIG. 4 depicts the Arrhenius plot for the degradation of 
KSL in different pH buffers. 

FIG. 5 depicts adsorption of KSL to HA discs in artificial 
saliva at 37°C. wherein (a) is the adsorption profile of KSL 
(0.5 mg/ml) to 8 untreated HA discs and (b) is the adsorption 
of KSL to untreated and pretreated HA discs for 20 min. The 
pretreated HA discs were soaked in human saliva for 2 hat 
37°C., and thenwashed with artificial saliva, dried and added 
to KSL solutions. 

FIG. 6 shows in vitro release of KSL from gum formula 
tions in artificial saliva at 37°C. The chewing gums contain 
ing different KSL loadings (5, 10, 20 mg) were studied using 
a chewing apparatus. 

FIG. 7 shows in vivo release of KSL from gum formula 
tions by a chew-out study. Volunteers chewed each gum con 
taining 5, 10 or 20 mg of KSL for the predetermined times and 
the residual amount was extracted and analyzed by 
RP-HPLC. 

FIG. 8A is a schematic diagram of the dual flow cell model. 
(A) The flow system. Arrow heads indicate the direction of 
the flow. The system is connected by 14 gauge Masterflex 
tubing (Cole-Palmer, Vernon Hills, Ill.). For pulsed treatment 
of biofilms with KSL, a syringe pump (KD Scientific, Hol 
liston, Mass.) with two injectable Syringes containing respec 
tive treatment and control Solutions is directly connected to 
each of the flow chambers through a three-way valve. 

FIG. 8B depicts a dual flow cell. The flow cell consists of 
two parallel flow chambers each of which contain three 
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4 
recesses for holding Ge disks. The inner diameter and depth 
of each recess is 10.25 mm and 2.0 mm, respectively. Holes 
with a diameter of 2.0 mm for flow inlets and outlets are 
drilled in each end of the flow chamber. The flow chambers 
are contained on one side by the polycarbonate bottom plate 
and on the other side by an aluminum cover plate containing 
two parallel 60 mmx24mm no. 2 cover glasses. 

FIG. 8C is a cross section of the flow chamber showing the 
dimensions of the flow channel (0.4 mm deep, 13 mm wide, 
and 25 mm long). 

FIGS. 9A and B show the effect of KSL on oral biofilm 
development in a dual flow cell as revealed by DIC micros 
copy. (A) The continuous perfusion of a biofilm flow cell with 
KSL-containing (50 ug/mlug/ml) medium prevents biofilm 
formation. Images of untreated biofilm cells (a-c, negative 
control) showing the development of biofilms from salivary 
bacteria adhered to saliva-conditioned Gesurfaces in the flow 
chamber perfused with KSL-free medium. Images of KSL 
(50 ug/mlug/ml) treated biofilm cells (d-f). Side by side 
images of treated versus untreated were obtained at intervals 
of 2 h (a,d), 5h (b, e), and 8 h (c., f) following inoculation of 
the parallel chambers of the dual flow cell. (B) Perfusion of 
the chamber with a lower concentration of KSL-containing 
medium (10 g/mlug/ml) was less effective in preventing 
biofilm formation. Untreated (a-b) and treated (c-d). Images 
were obtained at intervals of 2 h (a,c) and 8 h (b. d) following 
inoculation. Results represent one of the three experiments. 
Magnification, 200x. Bars represent 50 um. 

FIG. 10 shows DIC images of oral biofilm cells on Ge 
surfaces pulse-treated with KSL-free (a-c) and KSL-contain 
ing (50 ug/ml) medium (d-f). Pulsed treatment (30 min at 0.2 
ml/min at 2 h intervals) initiated 4 h (A) or 6 h (B) after 
inoculation. Growth of biofilms was greatly inhibited in the 
flow chamber pulse-treated with KSL 4 h, but not 6 h, after 
inoculation. Images of treated versus untreated biofilm cells 
were obtained at intervals of 2 h (a,d), 6 h (b, e), and 10 h (c. 
f) after inoculation of salivary bacteria into the parallel cham 
bers of the dual flow cell. The data represent the results of one 
of the three separate experiments. Magnification, 200x. Bars 
represent 50 lum. 

FIG. 11 shows the effect of KSL on intact versus disrupted 
biofilms and the effect of KSL with surfactant on biofilms. 
(A) Effect of KSL on intact versus disrupted 45 h biofilms 
formed on saliva-coated HA disks by Salivary bacteria using 
the in vitro plaque assay. A Mann-Whitney test was used for 
comparison of log reductions in CFU between the experimen 
tal groups (KSL-treated intact or disrupted biofilms) with the 
control groups (dHO-treated intact or disrupted biofilms). 
The single asterisk represents a statistically significant differ 
ence between KSL and dHO-treated intact biofilms 
(p<0.05). Likewise, double asterisks represent a statistically 
significant difference between KSL and dHO-treated dis 
rupted biofilms (p<0.01). While KSL caused slight reduc 
tions in CFU of treated, intact biofilms, chlorhexidine (CHX) 
caused more reduction in viability of intact biofilms. (B) 
Effect of benzalkonium chloride in promoting the bacteri 
cidal activity of KSL against 66 h-old intact oral biofilms 
formed on saliva-coated HA disks using the in vitro plaque 
system. A Kruskal-Wallis test was used to compare log reduc 
tions in CFU among various treatment groups including the 
control group (dHO-treated). The single asterisk represents a 
statistically significant difference between the combined 
treatment of KSL and benzalkonium chloride (Bzl) and dHO 
(p<0.001), KSL (p<0.01), or Bzl (p<0.01)-treated intact bio 
films. Double asterisks represent a statistically significant 
difference between CHX and dHO (p<0.001) or Bzl 
(P<0.05)-treated intact biofilms. While KSL or Bzlalone, as 
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compared to the dHO-treated group, caused no significant 
reductions in viability of intact biofilms, the combined use of 
KSL and BZl had a significant effect on the viability (over one 
log reduction of viable counts) of these 66 h-old oral biofilms. 
No significant difference in viability counts was observed 
between CHX-treated versus the combined use of KSL and 
Bzl. For (A) and (B), the data represent the determinations of 
one of three separate experiments, each performed in quadru 
plicate. Bars represent standard deviations. (C) Confocal 
images of control and treated biofilms grown on saliva-coated 
HA surfaces. Live/Dead BacLightTMViability kit (Molecular 
Probes, Eugene, Oreg.) was used to assess the viability of 
biofilm cells exposed to different treatments. BacLight assay 
Solution was prepared as described by the manufacturer and 
the specimens were stained in darkat room temperature for 15 
min. After washing 3x with water, samples were observed 
with an Axioplan light microscope fitted with an Ar—Krlaser 
(Zeiss LSM 510 Meta) and water immersion (long working 
distance) objectives. An excitation wavelength of 488 nm was 
used and the fluorescence light emitted was collected by two 
separate emission filters, 500-530 nm (SYTO 9, live), and 
650-710 nm (propidium iodide, dead). As compared to the 
control (1a and b), which showed mostly green staining bio 
film cells (indicating live), CHX (2a and b) or combined use 
of KSL and Bzl (5a and b) significantly reduced the viability 
of biofilm cells indicated by the presence of mostly red stain 
ing biofilm cells (indicating dead). KSL (3a and b) or Bzl (4a 
and b) alone at indicated concentrations had less impact on 
the viability of biofilm cells. Panels 1a-5a represent horizon 
tal (xy) sections through biofilms, whereas panels 1b-5b are 
Sagittal (XZ) images of biofilms (indicated by the line on the 
horizontal xy sections) treated with different agents. Bars 
represent 50 lum. 

FIG. 12 shows synergistic interactions of KSL and benza 
lkonium chloride (BZl) in killing salivary bacteria. 

FIG.13 shows synergistic interactions of KSL and cetylpy 
ridinium chloride (CPC) in killing salivary bacteria. 

FIG. 14 shows synergistic interactions of KSL-W and 
cetylpyridinium chloride (CPC) in killing salivary bacteria. 

FIG. 15 shows effect of benzalkonium chloride in promot 
ing the bactericidal activity of KSL against 45 h-old intact 
oral biofilms formed on saliva-coated HA disks using the in 
vitro plaque system. Biofilms were treated once with test 
agents prior to the determination of the viability of the biofilm 
cells recovered from the treated disks. CFU, colony-forming 
units. 

FIG.16 shows effect of benzalkonium chloride in promot 
ing the bactericidal activity of KSL-W against 45h-old intact 
oral biofilms formed on saliva-coated HA disks using the in 
vitro plaque system. Biofilms were treated once with test 
agents prior to the determination of the viability of the biofilm 
cells recovered from the treated disks. CFU, colony-forming 
units. 

FIG. 17 shows effect of cetyl pyridinium chloride in pro 
moting the bactericidal activity of KSL-W against 66 h-old 
intact oral biofilms formed on saliva-coated HA disks using 
the in vitro plaque system. The 66 h-old biofilms were treated 
three times (within 24 h) with test agents prior to the deter 
mination of the viability of the biofilm cells recovered from 
treated disks. CFU, colony-forming units. 

FIG. 18 shows inhibition of tritiated A. naeslundii adhering 
to HA surfaces pretreated with KSL-W. 

V. DETAILED DESCRIPTION 

The present invention is based, in part, on the discovery 
that KSL, and its analogs, have a synergistic effect on treating 
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6 
mature biofilms when coupled with a Surface-active agent. 
These unexpectedly and Surprising results are set forth in the 
examples below. According to this aspect of the invention, 
KSL in combination with a surface active agent may be part of 
method of preventing and treating growth of oral microorgan 
isms, mature biofilms, and in particular dental caries and 
plaque. This aspect of the invention may prove useful in oral 
hygiene formulations for oral hygiene and treatment in envi 
ronments where brushing is not a viable option. 
The present invention is also based, in part, on the discov 

ery that KSL, and its analogs, may be used to treat mature 
biofilms when used in conjunction with mechanical disrup 
tion of the biofilms. These unexpectedly and Surprising 
results are also set forth in the examples below. According to 
this aspect of the invention, KSL in combination with 
mechanical disruption, Such as brushing, may be part of 
method of preventing and treating growth of oral microorgan 
isms, mature biofilms, and in particular dental caries and 
plaque. This aspect of the invention may prove useful as part 
of a universal oral hygiene treatment program. 
The present invention is also based, in part, on the discov 

ery that KSL, and its analogs, may be used in chewing gum 
formulations to provide a Sustained antiplaque agent. The 
unexpected and Superior results of KSL chewing gum formu 
lations are set forth in the examples below. According to this 
aspect of the invention, KSL and derivatives thereof may be 
part of a chewing gum formulation to hinder and prevent 
plaque formation and promote better oral hygiene. This fea 
ture of the invention is particularly advantageous to promote 
better oral hygiene to individuals that cannot or do not brush 
their teeth, such as soldiers in the field. 
The following examples will further clarify various advan 

tageous features and unexpected results of the present inven 
tion. 

A. Chewing Gum of Antimicrobial Decapeptide 
(KSL) 

1. Materials and Methods 
1.1. Materials 
KSL (MW-1250 Da) was synthesized by standard solid 

phase procedures using 9-fluorenylmethoxycarbonyl (Fmoc) 
chemistry on an automatic peptide synthesizer (Model 90, 
Advanced ChemTech, Louisville, Ky.) and its purity deter 
mined as previously described 7. Gum base (SMILY 2A) 
was obtained from Gum Base Co. (Milano, Italy). D-sorbitol 
and d-mannitol were obtained from Sigma (St. Louis, Mo.). 
Acetonitrile (HPLC grade) and dimethyl sulfoxide (DMSO) 
was purchased from Fisher Scientific (Fair Lawn, N.J.). Tri 
fluoroacetic acid (TFA) was obtained from Pierce (Rockford, 
Ill.). All other chemicals were of analytical grade and used as 
obtained commercially. 

1.2. High-Performance Liquid Chromatography Analysis 
of KSL 
KSL was analyzed by RP-HPLC using a Prosphere C-18 

analytical column (4.6x250 mm. Alltech, Deerfield, Ill.) with 
a Prosphere C-18 guard column (4.6x7.5 mm. Alltech, Deer 
field, Ill.). A gradient elution was performed with mobile 
phase A (0.1%TFA in water) and mobile phase B (0.1%TFA 
in acetonitrile). KSL was eluted with a linear gradient from 
80:20 to 70:30 (mobile phase A:B) for 8 min at a flow rate of 
1.0 ml/min. Total run time was 16 min and the injection 
volume was 40 ul. Chromatograms were recorded by UV 
detection at 215 nm. 

1.3. Stability Study 
Test solutions of KSL were prepared using a stock peptide 

solution of 10 mg/ml in deionized water. The degradation of 
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KSL peptide was investigated in Sodium acetate (pH 4), 
sodium phosphate (pH 7.4) and sodium borate (pH 9) buffers 
at 0.1 Mbuffer concentration. Each buffer solution containing 
200 ug/ml of KSL was incubated in a temperature-controlled 
oven at 25, 37 and 55°C., respectively. Samples were taken at 
pre-determined times and analyzed under HPLC conditions 
described above. The stability of KSL was studied at 37°C. in 
artificial saliva over a three day period. Artificial saliva was 
used in the in vitro release studies in an attempt to simulate 
actual conditions ofuse. The ingredients of the artificial saliva 
were as follows: Sodium chloride, 0.844 g; potassium chlo 
ride, 1.200 g; calcium chloride dihydrate, 0.193 g; magne 
sium chloride hexahydrate, 0.111 g; potassium phosphate 
dibasic, 0.342 g; water to make to 1000 ml. The pH was 
adjusted with hydrochloric acid solution to pH 5.7+0.1 (26. 

1.4. Interaction with Hydroxyapatite Discs 
Affinity of KSL to tooth-like materials was assessed by 

allowing the KSL to interact with HA discs (Size: 0.38" 
diameterx0.06-0.08" thick) in artificial saliva at 37° C. To 
simulate the tooth surface, the HA discs were pretreated in 
filtered human saliva for 2 hours (4HA discs/4 mL of human 
saliva). Whole human saliva was collected from three healthy 
male donors in the morning prior to breakfast. After collec 
tion, the saliva was immediately centrifuged at 12,000 rpm 
for 20 min and the supernatant was filter through a 0.45um 
membrane filter. The HA discs, after conditioning with 
human saliva, were rinsed with artificial saliva and added to 4 
ml of KSL solutions (0.5 mg/ml in artificial saliva) at 37° C. 
As a control, untreated HA discs were directly added to KSL 
solutions at 37°C. The sample vials were mounted on a rotary 
wheel with vertical rotation at a speed of 18 cycles/min. 
Samples were removed at predetermined times, centrifuged 
and the supernatants were analyzed by RP-HPLC. 

1.5. Chewing Gum Preparation 
The chewing gum formulations were prepared following a 

procedure described previously 8. The gum base was heated 
at a temperature between 50 and 60°C. for melting. When the 
gum base was of the proper fluid consistency, the KSL was 
added as a fine powder along with the other components. The 
temperature was kept constant while mixing the components 
with the gum base in a mortar. After mixing, the homogenous 
chewing gum mixture was extruded, cut into squares of 
approximate shape and size and hardened at room tempera 
ture overnight. The composition of the gum was as follows: 
550 mg of gum base, 420 mg of sorbitol, 10 mg of mannitol, 
10 mg of saccharin, and 10, 20 or 30 mg of KSL (total weight: 
approximately 1 g). 

1.6. In Vitro Release Study 
In vitro release study of KSL from chewing gums was 

carried out using an in vitro chewing release apparatus con 
sisting of two modules (AB FIA, Lund, Sweden) (FIG. 1). 
Each module consists of a thermostatted glass cell in which 
two vertically oriented pistons holding an upper and a lower 
chewing plate are mounted. The cells were filled with 40 ml of 
artificial saliva and the chewing gum was loaded onto the 
lower chewing Surface. The chewing procedure consisted of 
up and down strokes of the lower surface in combination with 
a twisting movement of the upper Surface; this action pro 
vides mastication of the chewing gum and agitation of the test 
medium. The temperature of the test medium was controlled 
at 37° C. and the chew frequency was 50+2 strokes per min. 
At predetermined time intervals, 400 ul of supernatant were 
removed. The dissolution medium was replaced with fresh 
artificial saliva after each sampling. The released amount of 
KSL was determined by RP-HPLC. 
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1.7. In Vivo Release Study 
A chew-out study was performed with three volunteers. 

Each Volunteer masticated one piece of each kind of gum at 
30-40 chews/min forgiven periods of time (5,10 and 20 min). 
After chewing the gum for a predetermined period of time, the 
remaining amount of KSL in the gum was analyzed. To 
extract the KSL, the gum was heated to 50-60° C. for 5 min 
and then 5 ml of a mixture of acetonitrile and DMSO (1:1) 
were added. After fully mixing for 5 min, 10 ml of 0.1 M 
acetate buffer (pH 4) were added and the mixture was vigor 
ously shaken for 30 minatroom temperature. The sample was 
centrifuged and the supernatant was filtered into HPLC vials 
with a 0.45 um membrane filter. 
2. Results and Discussion 

2.1. HPLC Analysis of KSL 
As an analytical method for KSL, the reversed-phase 

HPLC method using gradient elution has been developed. 
Under the HPLC conditions, the standard of KSL in deion 
ized water was detected as a single peak at a retention time of 
7.0 min (FIG. 2a). The correlation coefficient of the linearity 
for the detection of KSL was greater than 0.999 in a peptide 
concentration range of 20-400 ug/ml and the assay was repro 
ducible at these concentrations with a coefficient variation 
<5% (n=3, intra- and inter-assay). The HPLC method was 
able to resolve intact KSL from the degradation compounds 
produced in sodium borate buffer (pH 9) at 55° C. for 3 days 
(FIG.2b). No attempt was made to identify degradation prod 
ucts or determine a degradation pathway, which quite possi 
bly involved peptide bond breaking and oxidation as 
described previously 27. 

2.2. Chemical Stability in Aqueous Solutions 
FIG. 3 shows a semilogarithmic plot of the residual per 

centage amount of KSL versus time in various pH solutions at 
55° C. The pH affected the degradation rate of KSL with the 
observed degradation reaction rates approximately following 
first-order kinetics. The degradation of KSL was also studied 
in buffer solutions from 25 to 55° C. Degradation rate con 
stants were obtained from the slope of the semilog plots of the 
concentration versus time data by regression analysis. The 
observed reaction first-order rate constants of KSL are listed 
in Table 1. Although the optimum pH for KSL stability was 
not defined, the most favorable stability appeared to be in 
acetate buffer, pH 4. The half-life for KSL degradation at 55° 
C. was 165.0 days at pH 4, 13.8 days at pH 7.4, and 4.7 days 
at pH 9. The relationship between temperature and rate con 
stant is shown by Arrhenius plots in FIG. 4. Activation ener 
gies (E) derived from the slope were 6.7 kcal/mol at pH 4. 
13.6 kcal/mol at pH 7.4 and 17.9 kcal/mol at pH 9 (Table 1). 
KSL was also stable in artificial saliva (data not shown). After 
the incubation for 3 days at 37°C., there was no degradation 
peak detected by HPLC. 

2.3. Interaction with HA Discs 
The affinity of KSL to tooth-like materials and salivary 

proteins using HA discs is shown in FIG. 5. FIG. 5a shows 
that adsorption equilibrium occurred within 5 min and 
approximately 20% of the KSL adsorbed to 8 discs. The 
adsorption of KSL was dependent on the amount of HA discs 
and the protein coating on the discs (FIG.5b). In comparing 
the untreated and protein-coated HA discs by soaking in 
human saliva, there was discernible difference in binding 
when 4 HA discs were used. This may be due to the limited 
number of binding sites and the greater adsorption to the 
coated HA discs. This suggests that the acidic salivary pro 
teins might play a role because KSL is a cationic molecule 
containing five lysine residues and thus has a great potential 
for electrostatic interaction with acidic glycoproteins in 
saliva. It has been strongly suggested that the retention of 
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chlorhexidine in the oral cavity is directly related to the inhi 
bition of plaque formation 17-19. Barnett et al. reported a 
correlation of chlorhexidine binding to HA with in vivo anti 
plaque efficacy 28. As shown in this study, the affinity of 
KSL to the HA suggests its potential as an antiplaque agent 
together with antimicrobial activity on oral bacteria Strains 
that are associated with plaque formation 7. 

2.4. In Vitro Release from Chewing Gum 
Devices and methods for in vitro dissolution and drug 

release testing have been described for Solid dosage forms 
23. However, these methods are not easily adapted for 
studying the release of drug from chewing gums because 
continuous mastication is needed for the drug release. The 
apparatus developed by Kvist et al. showed usefulness for in 
vitro drug release testing of chewing gum formulations 24. 
25. 

FIG. 6 shows the in vitro release profiles of KSL from 
chewing gum formulations containing different amounts of 
peptide (5, 10 and 20 mg per gum). The release of KSL from 
three gum formulations showed 48-55% at 10 min, 65-72% at 
20 min, and 71-82% at 30 min. The gum formulation con 
taining 20 mg of KSL showed a slightly higher % of release 
than the gums containing 5 and 10 mg of KSL. Totally, 
78-88% of KSL was released for 60 minutes. The amount of 
released KSL was proportional to the loading level of the gum 
formulations. 
The in vitro release test was effective for assessing the 

stability of KSL in the gum formulations manufactured at 
50-60° C. HPLC analysis of KSL released from the gums 
showed only an intact KSL peak, which indicates that the 
peptide remains stable during the manufacturing process 
(data not shown). 

2.5. In Vivo Release from Chewing Gum 
In vivo chew-out study was performed to correlate the drug 

release pattern between the in vitro results and the in vivo 
performance. The gum was chewed by trained volunteers for 
5, 10, 20 min, respectively, and then the residual KSL was 
extracted from the chewed gum. To validate the extraction 
method, the gums containing each 10, 20 and 30 mg of KSL 
were tested. The extraction yields of the three gums were 
within 84.3-88.6% relative to the loading amount. HPLC 
analysis of the extracted KSL showed a single peak at the 
same retention time as the standard KSL. 

FIG. 7 shows the in vivo release profiles of KSL from the 
same chewing gum formulations used for in vitro release 
study. The % release of KSL from three gum formulations 
was not significantly different at each time point and showed 
39-52% release at 5 min, 59-69% at 10 min, and 77-83% at 20 
min. Similar to the in vitro release, the amount of released 
KSL was proportional to the loading level. Although the 
released amount of KSL in the in vivo study was slightly 
higher than the in vitro release, the release patterns were 
essentially the same. The correlation coefficient of in vitro 
and in vivo release was >0.99. Previously, Kvist et al. also 
reported that the in vitro release profile obtained by using the 
same apparatus was very similar to the in vivo release profile 
25. Consequently, the chewing gum formulations contain 
ing KSL showed favorable in vitrofin vivo release profiles, 
which reached nearly 80% release in 20 min. Twenty minutes 
of chewing time has been reported to be the usual time for 
more than 80% of the American gum chewers 29. 
KSL showed high affinity to HA discs pretreated with 

human saliva and was successfully formulated in a chewing 
gum. Promising release profiles were obtained in vitro using 
the chewing apparatus and in Vivo by the chew-out method. 
This study suggests that the KSL will be released from the 
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10 
chewing gum in a controlled manner and effectively retained 
in the oral cavity to inhibit the formation of dental plaque. 

B. Control of Oral Biofilms 

1. Materials and Methods 
1.1 Synthesis of the Antimicrobial Decapaptide, KSL 
KSL (KKVVFKVKFK-NH2) SEQID NO: 1) was syn 

thesized by Standard Solid-phase procedures using 9-fluore 
nylmethoxycarbonyl (Fmoc) chemistry on an automatic pep 
tide synthesizer (Model 90, Advanced ChemTech, Louisville, 
Ky.) and its purity determined as previously described (Con 
cannon et al., 2003). 

1.2 Buffers and Media 
An artificial saliva buffer was prepared as previously 

described (Shellis, 1978). A saliva-based medium described 
by Williams (Williams, 1998) was used for the in vitro plaque 
assay system. 

1.3 Collection of Saliva and Isolation of Salivary Bacteria 
The procedures for collecting human saliva and isolating 

salivary bacteria were previously described (Concannon et 
al., 2003). The study was approved by the Institutional 
Review Board of the Walter Reed Army Institute of Research 
and informed consent was obtained from all volunteers. 

1.4. Dual Flow Cell System 
The dual flow cell system used in this study was modified 

from the chemostat flow cells of Herles et al. (Herles et al., 
1994) and constructed according to our design and specifica 
tions by BioSurface Technologies (Bozeman, Mont.) (FIG. 
1). The flow cell consisted of two compartments, each con 
taining a polycarbonate flow chamber with three recesses to 
hold the Ge disks (10 mm in diameter and 1.8 mm in thick 
ness) upon which biofilms were formed. Ge disks provided 
reflective surfaces that allowed the visualization of unstained 
biofilms using differential interference contrast (DIC) 
microscopy. 
To form biofilms, Ge disks (Mindrum, Rancho 

Cucamonga, Calif.) in the dual flow cell were conditioned for 
one hour with sterile 50% human wholesaliva. Isolated sali 
vary bacteria, adjusted to approximately 10x10" cells/ml in 
50% saliva (total, 1.5 ml), were injected into the flow cham 
bers. After two hours of initial adherence ofbacteria onto disk 
surfaces, the flow of culture medium (20% Todd-Hewitt 
broth) was started at a rate of 0.2 ml/min (Foster et al., 2004). 
The flow rate employed generated a shear rate of approxi 
mately 9.65s' on the substrate surface, and is compatible 
with the fluid flow in the oral cavity (Bakker et al., 2003). 
To evaluate the effects of KSL in controlling the develop 

ment and maturation of oral biofilms, surface adhered cells 
(after initial colonization) were perfused continuously with 
KSL-free or KSL-containing media (KSL at 10 or 50 lug/ml). 
Alternatively, biofilms at different stages of maturation (i.e., 
4, or 6 h after inoculation) were pulse-treated using an injec 
tion pump at 0.2 ml/min with 50 lug/ml KSL in 20% THEB or 
the control medium for 30 min at 2 hr intervals. Direct com 
parison of the effects of antimicrobials on the growth of 
biofilms between treated versus untreated was made in real 
time by DIC microscopy. 

1.5 Bactericidal Activities of KSL Against Oral Biofilms 
In conjunction with the dual flow cell system, a modifica 

tion of an in vitro plaque model of biofilm formation 
described by Guggenheim et al. (Guggenheim et al., 2001) 
was used to determine the effects of tested antimicrobials and 
other agents on developed oral biofilms (see Appendix I for 
details). HA disks (Clarkson, south Williamsport, Pa.) were 
employed as substrates for salivary bacteria to form biofilms. 
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To determine the inhibitory activity of KSL on developed 
oral biofilms, disks containing 45 h-old biofilms were trans 
ferred to wells containing aqueous KSL (200 ug/ml. 1 
ml/well). Following 30 min exposure at 37° C., disks were 
rinsed with 3x1 ml of saline and transferred to sterile 15 ml 
polypropylene tubes containing 1 ml PBS. Biofilm cells 
adherent to surfaces (after treatment) were recovered by soni 
cating for 2 min at 5 watts with a Microson ultrasonic cell 
disrupter equipped with a cup horn (Misonix Inc., Farm 
ingdale, N.Y.). Settings including the time interval used in the 
Sonication were predetermined empirically to yield maximal 
recovery of adherent biofilm cells. 
The effect of KSL on disrupted biofilms was assessed by 

recovering biofilm cells from HA disks (45 h-old biofilms) 
through sonication as described above. The detached biofilm 
cells (in sterile dHO) were mixed with an equal volume of 
aqueous KSL to obtain a final peptide concentration of 200 
ug/ml, and the reaction mixtures incubated at 37° C. for 30 
min. The interactions of KSL and suspended biofilm cells 
were terminated by washing in PBS. 

To determine the effect of the surface-active agent (benza 
Ikonium chloride: Sigma, St. Louis, Mo.) in promoting the 
killing of intact biofilms by KSL, 66 h-old oral biofilms were 
treated with KSL (200 ug/ml), benzalkonium chloride 
(0.001%), or a combination of the two agents, followed by 
viable counts determinations and confocal laser scanning 
microscopy of treated samples. The benzalkonium chloride 
dosages were pre-determined empirically to select concen 
trations of the agent exhibiting minimal bactericidal activity. 

Viable counts of biofilm cells derived from treated disks or 
disrupted biofilms were determined by spiral plating serially 
diluted samples onto blood agar plates. Distilled water or 
0.12% aqueous chlorhexidine digluconate (Sigma) was used 
as the negative or positive control, respectively. The 45h-old 
biofilms were exposed to chlorhexidine for 1 min, and to 
water for 30 min at 37° C. 

2 Results 
2.1 Interactions of KSL with Oral Biofilms Formed in Dual 

Flow Cells 
To determine whether KSL has anti-biofilm activity, we 

examined the effect of various concentrations of KSL on oral 
biofilm development. Using DIC microscopy we observed 
the adherence of salivary bacteria to saliva-conditioned Ge 
surface in the flow chambers 2 h after the inoculation of the 
flow cell (FIG. 2A, a and d. FIG. 2B, a and c). After the 
attachment of bacteria to the surface, the flow chambers were 
perfused continuously with culture medium with or without 
KSL. In the flow chamber perfused with medium lacking 
KSL, microcolonies were formed 5 h after the inoculation 
(FIG. 2A, b) and continued to develop into film-like struc 
tures after 8 h (FIG. 2A, c). In contrast, KSL at 50 ug/ml 
disrupted biofilm development. Bacteria remained attached, 
but failed to form microcolonies and film-like structure (FIG. 
2A, d-f). Further, KSL at 10 ug/ml was partially effective in 
inhibiting biofilm formation. Microcolonies formed 8 h after 
inoculation (FIG. 2B, c-d), whereas the untreated adhered 
salivary bacteria formed film-like structure (FIG. 2B, a-b). 

While continuous perfusion of medium containing KSL to 
the flow chambers prevented the attached salivary bacteria 
from differentiating into biofilms on conditioned Gesurfaces, 
we were also interested in determining whether KSL could 
disrupt the development process by pulsed treatment of bio 
film cells at different time points after inoculation. As shown 
in FIG. 3A (a-c), pulsed treatment (30 min at 0.2 ml/min for 
every 2 h interval) of biofilm cells 4 h after inoculation with 
KSL-free medium, did not prevent attached salivary bacteria 
from developing into biofilms. In contrast, pulsed treatment 
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of biofilm cells 4 h after inoculation with KSL-containing 
medium (50 ug/ml) inhibited biofilm formation (FIG. 3A, 
d-f). However, as compared to the controls (FIG. 3B, a-c). 
pulsed treatment of biofilms 6 h after inoculation with KSL 
containing medium failed to inhibit the development of bio 
film structures or alter their structures (FIG. 3B, d-f). 

2.2 Interactions of KSL with Intact and Disrupted Oral 
Biofilms 
Our flow cell experiments showed that mature oral biofilms 

were less susceptible to KSL. In contrast, exposure of adhered 
salivary bacteria or biofilm cells to KSL at earlier stages of 
development inhibited their further development into mature 
growing biofilms. In this context, we were interested in deter 
mining whether the organized structure of developed oral 
biofilms contributed to the resistance of mature oral biofilms 
to KSL using the in vitro plaque assay. As shown in FIG. 4A, 
there was a small reduction of viable counts (p<0.05) by 
exposing intact 45-h-old oral biofilms formed on saliva-con 
ditioned HA disks to KSL. A larger reduction of viable counts 
was observed with intact biofilms treated with 0.12% chlo 
rhexidine. When these biofilms were mechanically disrupted 
by sonication before KSL treatment, there was a much greater 
(1.8 log) reduction of viability of KSL-treated cells as com 
pared to dHO-treated control cells. There was likewise a 
significant reduction of viability in disrupted biofilms as com 
pared to intact biofilms treated with the same concentration of 
KSL. 

2.3 Interactions of KSL with Intact Oral Biofilms in the 
Presence of Surface-Active Agent 

Since the organized structure of biofilms might influence 
biofilm susceptibility to antimicrobials, we were interested in 
determining the effect of a Surface-active agent, benzalko 
nium chloride, in promoting the killing of biofilm cells by 
KSL using the in vitro plaque assay. As shown in FIG. 4B, as 
compared to water treatment, KSL, in the presence of benza 
lkonium chloride (0.001%), significantly reduced the viabil 
ity (over one log reduction) of 66 h-old oral biofilms to a 
similar extent as that caused by chlorhexidine. KSL (200 
ug/ml) or benzalkonium chloride (0.001%) alone had less 
effect on the viability of these biofilms. These results were 
confirmed by live/dead staining of treated samples as revealed 
by confocal microscopy (FIG. 4C) 

3. Discussion 
The use of a dual flow cell containing removable coloniz 

able surfaces together with isolated salivary bacteria provides 
an alternative method to examine the effect of antimicrobials 
on oral biofilm formation. The use of human salivary bacteria 
as the plaque seeds is particularly relevant as these bacteria 
are derived from biofilms formed on hard and soft tissues in 
the oral cavity (Helmerhorst et al., 1999). The system allows 
nondestructive, direct comparison of biofilm development 
between the treated and negative control groups. 

In this test system, KSL markedly prevented biofilm devel 
opment as compared to the control. We reasoned that the 
observed inhibition was probably due to the antimicrobial 
activity of KSL. We have shown that KSL exert its antimicro 
bial activity by destabilizing target bacterial membranes 
(Concannon et al., 2003). In contrast, exposing established 
oral biofilms (45-h-old biofilms) to KSL did not disrupt their 
structure or cause any large reductions of viability of biofilm 
cells. The results indicate that once developed, biofilms were 
more resistant to KSL. Interestingly, similar properties were 
observed with lactoferrin, a native antimicrobial component 
that is abundantly present in Surface secretion. Continuous 
perfusion of lactoferrin at sub-inhibitory concentrations pre 
vents biofilm development by Pseudomonas aeruginosa. 
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However, lactoferrin, like KSL, fails to alter the structure of 
mature biofilms (Singh et al., 2002). 

Several factors influence biofilm susceptibility to antimi 
crobials (Campanac et al., 2002; Gilbert et al., 1997; Stewart 
et al., 2004). We hypothesized that the reduced susceptibility 
of developed oral biofilms to KSL could be due to retarded 
diffusion or exclusion of our antimicrobial imposed by the 
three-dimensional biofilm structures and/or the presence of 
exopolymeric Substances. To test this, we disrupted the oral 

14 
in killing disrupted oral biofilm cells. This disruption could be 
generated by mechanical brushing and/or flossing during oral 
hygiene procedures. 

C. Newly Developed Antimicrobial Peptides 

KSL-W, an L-tryptophan analog of KSL wherein the 
L-lysine residue at the number six position is replaced with 
L-tryptophan. The sequence is: NH-Lys-Lys-Val-Val-Phe 
Trp-Val-Lys-Phe-Lys-CONH. (SEQID NO2). 

biofilms grown on saliva-coated HA surfaces formed by sali- 10 KSL-M, an analog of KSL wherein the L-lysine residue at 
vary bacteria and determined the susceptibility of these dis- the number six position is replaced with an O-methylated 
rupted biofilm cells to KSL as compared to intact biofilms. L-lysine. The sequence is: NH-Lys-Lys-Val-Val-Phe-Lys 
We reasoned that the disruption of the biofilm structure would (me)-Val-Lys-Phe-Lys-CONH. (SEQID NO3). 
improve the accessibility of the targeted biofilm cells to our H1-2, a double helical hybrid molecule consists of KSL-W 
antimicrobial agent. Indeed, the disruption procedure greatly and an analog of the N-terminal sequence derived from a 
enhanced the susceptibility of biofilm cells from disrupted as salivary protein, statherin. The sequence is: NH-Asp-Asp 
compared to intact oral biofilms, Suggesting that the orga- Asp-Glu-Glu-Lys-Phe-Leu-Arg-Arg-Ile-Gly-Arg-Tyr-Gly 
nized structure of biofilms might play a role in influencing the Lys-Lys-Val-Val-Phe-Trp-Val-Lys-Phe-Lys-CONH. (SEQ 
susceptibility of intact biofilms to antimicrobials. However, ID NO4). 
we are uncertain whether the reduced susceptibility observed 20 1. Susceptibility Tests of Drug-Resistant Pathogens to Newly 
with intact biofilms is also attributable to the exopolymers Developed Antimicrobial Peptides. 
that might be associated with the biofilm cells. Further, sub- As shown in the table below, many drug-resistant patho 
bactericidal concentrations of benzalkonium chloride, a gens including multidrug-resistant Acinetobacter baumannii 
known cationic Surface-active agent (Baker et al., 1978), Sig- (clinical isolates) were susceptible to the bactericidal activity 
nificantly promoted biofilm susceptibility to KSL. Though ° of the newly developed antimicrobial peptides. In general, the 
we are not clear about the underlying mechanisms, one pos- newly developed (i.e., second generation) antimicrobial pep 
sible explanation is that the presence of sub-inhibitory con- tides, which included KSL-W and H1-2, are more potent than 
centrations of benzalkonium chloride might facilitate the the parent antimicrobial peptide, KSL. This is shown by their 
accessibility of biofilm cells residing in intact oral biofilms to lower MIC and MBC against a number of antibiotic-resistant 
KSL by influencing biofilm structures. Alternatively, the cat- " bacteria including methicillin-resistant Staphylococcus 
ionic agent benzalkonium chloride could provide a synergis- aureus, Vancomycin-resistant Enterococci, and multidrug 
tic effect on the bactericidal activity of KSL in killing salivary resistant Acinetobacter baumannii. Many of these resistant 
bacteria. strains are involved in nosocomial infections, which affect the 

The findings that KSL prevented the development of oral immunocompromised and the elderly individuals with weak 
biofilms raise the possibility that KSL could be a valuable ened defenses. The tests were done in a broth microdilution 
adjunct to toothpastes for preventing plaque-mediated dental assay as described in our earlier publication (Concannon et 
diseases. This is particularly relevant since KSL was effective al., 2003). 

KSL KSL-W KSL-M H1-2 

MIC MBC MIC MBC MIC MBC MIC MBC 
Organism (ig/ml) (g/ml) (Lig/ml) (Lig/ml) (ig/ml) (g/ml) (ig/ml) (g/ml) 

A. 100 2OO >25 < 50 1OO ND ND 12.5 25 
battmannii 
ATCC 
#19606 
A. >SO < 1 OO 100 25 1OO >100 < 200 200 25 2OO 
battmannii 
WRAMC 

A. 12.5 25 >12.5 < 25 25 25 50 25 50 
battmannii 
WRAMC 

A. >25 < 50 SO 12.5 25 >25 < 50 50 >12.5 < 25 25 
battmannii 
WRAMC 

A. >SO < 1 OO 10O >12.S < 25 25 >2OO >2OO >12.S < 25 25 
battmannii 
WRAMC 

A. 100 2OO >12.S < 25 2S >SO < 100 100 25 50 
battmannii 
WRAMC 
i11 
A. 50 2OO >12.S < 25 SO >SO < 100 200 -12.S < 25 50 
battmannii 
WRAMC 
#13 
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-continued 

KSL KSL-W KSL-M 

MIC MBC MIC MBC MIC MBC 
Organism (ig/ml) (ig/ml) (g/ml) (Lig/ml) (Lig/ml) (ig/ml) 

A. >SO < 100 100 25 50 >100 <200 2OO 
battmannii 
WRAMC 
i14 
A. 1OO >2OO >25 < 50 50 ND ND 
battmannii 
WRAMC 
#15 
A. >12.5 < 25 25 >12.5 < 25 50 50 1OO 
battmannii 
WRAMC 
i16 
A. >SO < 100 100 >12.5 < 25 25 100 2OO 
battmannii 
WRAMC 
#17 
A. 50 2OO 12.5 25 >SO < 100 1OO 
battmannii 
WRAMC 
#18 
A. >25 < 50 50 50 1OO ND ND 
battmannii 
WRAMC 
#19 
MRSA 2OO >2OO 100 2OO >2OO >2OO 
ATCC 
#33591 
MRSA 1OO 2OO 25 50 >2OO >2OO 
ATCC 
#433OO 
MRSA >2OO >2OO >SO < 100 1OO >2OO >2OO 
VWRAMC 
#1 
MRSA >2OO >2OO 200 >2OO >2OO >2OO 
WRAMC 
#9 
MRSA >2OO >2OO >100 < 200 2OO >2OO >2OO 
WVRAMC 
#10 
MRSA >2OO >2OO 200 >2OO >2OO >2OO 
WRAMC 
#12 
VRE >2OO >2OO 100 2OO ND ND 
ATCC 
iS1299 
VRE >2OO >2OO 100 2OO ND ND 
WRAMC 
#3 
VRE >25 < 50 100 12.5 1OO ND ND 
WRAMC 
#6 
VRE >SO < 100 100 > 6.25 < 12.5 25 ND ND 
WVRAMC 
#7 

MIC, minimum inhibitory concentrations 
MBC, minimum bactericidal concentrations 
MRSA, methicillin-resistant Staphylococcus aureus 
VRE. vancomycin-resistant Enterococci 

55 
2. Synergistic interactions of cationic Surface of cationic Sur 
face-activating agents (benzalkonium chloride and cetyl pyri 
dinium chloride) and our antimicrobial peptides (parent anti 
microbial peptide, KSL and second generation antimicrobial 
peptide, KSL-W) as determined by a checkerboard plate 
assay. 
A modified checkerboard assay of combined antimicrobial 

activity described by Singh et al. (Singh et al., 2000) was used 
to determine the interactions of the antimicrobial peptides 
(KSL and KSL-W) and surface-activating agents benzalko 
nium chloride (Bzl) and cetyl pyridinium chloride (CPC) on 
the killing of salivary bacteria. Two-fold serial dilutions of the 

60 

65 

H1-2 

MIC MBC 
(g/ml) (ig/ml) 

> 6.25 < 12.5 SO 

25 50 

12.5 25 

25 100 

>12.5 < 25 25 

>SO < 100 200 

3.12S 12.5 

3.12S 12.5 

>3.12S < 6.2S 25 

>1.56 < 3.12S 3.12S 

1.56 25 

3.12S 6.25 

12.5 (25) 50 

6.25 25 

<1.56 6.25 

<1.56 O 

peptides (started at 800 ug/ml) and Surface-activating agents 
(started at 0.003% or 30 fig/nil) were mixed together in a 
microtiter plate. Each row and column contained a fixed 
amount of one agent and increasing amounts of the second 
agent. Each plate also contained a row and column in which a 
serial dilution of each agent was present alone. An additional 
column containing just bacteria was used as a control. Sali 
vary bacteria (1x10° cells/ml) were added to each well, and 
turbidity was measured after overnight incubation, at 37° C. 
in a CO incubator at 600 nm by using an ELISA reader 
(Titertek Multiskan MCC/340). Clear (non-turbid) well indi 
cated growth inhibition. 
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The degree of synergy between the two agents is expressed 
in terms of the fractional inhibitory concentration (FIC). The 
FIC is defined as the Minimum Inhibitory Concentration 
(MIC) of test agents used in combination divided by the MIC 
of the agent acting alone (Hall et al., 1983). The FIC index, 
which defines the nature of the interaction, is the sum of the 
individual FIC values of two agents that has the most effective 
combination in antimicrobial activity. Antimicrobial agents 
with additive interactions have a FIC index of ~1, whereas 
combinations with an FIC index <1 indicate synergistic inter 
actions. In contrast, combinations with an FIC index > 1 are 
antagonistic (Hall et al., 1983: Singh et al., 2000). The calcu 
lated FIC index of KSL and BZl combinations was 0.3125, 
Suggesting that this surface-active agent provides a synergis 
tic effect on the bactericidal activity of KSL. Further, the 
results of the checkerboard assay can be represented by plot 
ting the FIC values of KSL and Bzl as an isobologram (Hall et 
al., 1983: Singh et al., 2000). As indicated in FIG. 12, the 
isobol appears to be concave, indicating that these two agents 
have synergistic antimicrobial activity. A convex isobol Sug 
gests antagonistic interactions of the two agents. The results 
from the interactions of KSL or KSL-W with CPC as shown 
in FIGS. 13 and 14, respectively, were also indicative of 
synergy between the test agents. 
3. Effects of the Combined Use of Surface-Activating Agents 
and Antimicrobial Peptides (Parent Antimicrobial Peptide, 
KSL and Second Generation Antimicrobial Peptide, KSL-W) 
for Controlling Biofilm Growth. 
The impact of surface-activating agents on the ability of the 

antimicrobial peptides to control biofilm growth was deter 
mined by viability studies using an in vitro plaque assay and 
confocal laser scanning microscopy. 

(a) In Vitro Plaque Assay 
In this assay, HA disks (Clarkson Chromatography Prod 

ucts, Inc., South Williamsport, Pa.) were used as surfaces on 
which plaque formation can occur. Before use, sterile HA 
disks were conditioned in the wells of a 24-well microtiter 
plate (Becton Dickinson, Franklin Lakes, N.J.) containing 
50% sterile saliva by incubating at room temperature for a 
minimum of two hours on a rotating platform at 95 rpm. The 
saliva was removed and each well inoculated with isolated 
salivary bacteria at a bacterial cell concentration of 1.0x107 
cells/ml in sterile 50% wholesaliva. After two hours of incu 
bation (with rotation) at 37°C. to allow the bacteria to adhere 
to Surfaces, unattached bacteria were removed and replaced 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 4 

<21 Oc 
<211 
<212> 
<213> 
<22 Os 
<223> 

SEO ID NO 1 
LENGTH: 10 
TYPE PRT 
ORGANISM: Artificial 
FEATURE; 

<4 OOs SEQUENCE: 1 

Llys Llys Val Val Phe Llys Val Llys Phe Llys 
1. 5 1O 

SEO ID NO 2 
LENGTH: 10 
TYPE PRT 

ORGANISM: Artificial 
FEATURE; 
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with supplemented saliva-based medium. The plates were 
incubated with rotation at 37° C. for 45 h (with medium 
replaced three times), or 66 h (with medium replaced five 
times) in a CO incubator prior to treatments, and the recov 
ery of biofilm cells from treated or untreated disks. 
As shown in these assays (FIGS. 15, 16, and 17) KSL 

combining with Bzl or KSL-W in combination with Bzl or 
CPC effectively caused significant reductions of the viability 
of biofilm cells derived from treated oral biofilms. In these 
studies, KSL or KSL-W was used at 200 ug/ml, whereas BZl 
and CPC were used at 0.001% and 0.0025%, respectively. 
The exposure time for the interactions of biofilms with dis 
tilled water, KSL, KSL-W. BZl, or CPC was 30 min at 37° C. 
Following the treatment, disks were rinsed with 3x1 ml of 
saline and transferred to sterile 15 ml polypropylene tubes 
containing 1 ml phosphate-buffered saline. Biofilm cells 
adherent to surfaces (after treatment) were recovered by soni 
cating for 2 min at 5 watts with a Microson ultrasonic cell 
disrupter equipped with a cup horn (Misonix Inc., Farm 
ingdale, N.Y.). Settings including the time interval used in the 
Sonication were pre-determined empirically to yield maximal 
recovery of adherent biofilm cells. Viable counts of biofilms 
derived from treated disks were determined by spiral plating 
(Microbiological International) serially diluted samples onto 
blood agar plates. 
4. Adherence Inhibition of Tritiated Actinomyces Naeslundii 
to Saliva-Coated Hydroxapatite (HA) Disks by KSL-W. 

In these studies, saliva-coated HA disks pre-treated with 
salivary proteins, KSL-W (1 mg/ml), or chlorhexidine (1 
mg/ml), were used as colonizable Surfaces to test the adher 
ence of tritiated A. naeslundii, an early colonizer that is 
involved in dental plaque formation. In these experiments, 
labeled A. naeslundii (1x10" cells per ml) were incubated for 
2 h with HA disks that were pre-treated with different agents. 
As show in FIG. 18, HA disks pretreated with KSL-W 
showed a great reduction in the number of bacteria that 
attached during the 2 hour incubation at 37°C. The results 
Suggest that our antimicrobial peptides exhibit antiadherence 
activity that prevents bacteria from colonizing Surfaces. 

Those skilled in the art will appreciate that various adap 
tations and modifications of the above-described preferred 
embodiments can be configured without departing from the 
scope and spirit of the invention. Therefore, it is to be under 
stood that, within the scope of the appended claims, the inven 
tion may be practiced other than as specifically described 
herein. 

OTHER INFORMATION: Synthesis of Antimicrobial Peptide KSL 
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- Continued 

223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 2 

Llys Llys Val Val Phe Trp Val Llys Phe Lys 
1. 5 1O 

SEQ ID NO 3 
LENGTH: 10 
TYPE PRT 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: 
FEATURE: 

NAME/KEY: MOD RES 
LOCATION: (6) . . (6) 
OTHER INFORMATION: METHYLATION 

<4 OOs, SEQUENCE: 3 

Llys Llys Val Val Phe Llys Val Llys Phe Lys 
1. 5 1O 

SEQ ID NO 4 
LENGTH: 25 
TYPE PRT 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: 

<4 OOs, SEQUENCE: 4 

Synthesis of Antimicrobial Peptide KSL-W 

Synthesis of Antimicrobial Peptide KSL-M 

Synthesis of Antimicrobial Peptide H1-2 

Asp Asp Asp Glu Glu Lys Phe Lieu. Arg Arg Ile Gly Arg Tyr Gly Lys 
1. 5 1O 

Llys Val Val Phe Trp Val Llys Phe Lys 
2O 25 

The invention claimed is: 

1. An antibacterial composition, comprising: an antimicro 
bial decapeptide KSL-W (SEQID NO:2) and a cationic sur 
face active agent. 40 

2. The composition according to claim 1, wherein the com 
position is in the form of aqueous mouth rinse or chewing 
gun. 

3. The composition according to claim 1, wherein the Sur 
face active agent is selected from the group consisting of 
benzalkonium chloride, benzyl chloride, and cetylpyridinium 
chloride (CPC). 

4. A method of treating mature oral biofilms, comprising 
contacting a composition comprising the antimicrobial 
decapeptide KSL-W (SEQID NO: 2) and a cationic surface 
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active agent with mature oral biofilm in the mouth of a user, 
wherein said composition is in the form of an aqueous mouth 
rinse or chewing gum. 

5. The method according to claim 4, wherein the cationic 
Surface active agent is selected from the group consisting of 
benzalkonium chloride, benzyl chloride, and cetylpyridinium 
chloride (CPC). 

6. A method of treating mature oral biofilms, comprising: 
mechanically disrupting the mature oral biofilm; and contact 
ing a composition comprising the antimicrobial decapeptide 
KSL-W (SEQ ID NO: 2) with the disrupted mature oral 
biofilm in the mouth of a user. 

7. The method according to claim 6, wherein the compo 
sition is in the form of toothpaste. 

k k k k k 


