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1. DispersinB®

DispersinB is an antibiofilm enzyme, which inhibits and disges biofilms of major bacterial
pathogens. It was discovered by Dr. Jeffrey B. KapDepartment of Oral Microbiology, New
Jersey Dental School, NJ, USA. The discovery «f &mzyme with the support of the NIH (USA)
grant was listed in the “NIH Annual Performance B#pof 2004” as one of the thirteen
achievements of the year. The unique ability of tehzyme to specifically inhibit biofilm
formation without affecting bacterial growth anddisperse preformed biofilms makes it a first
of its kind antibiofilm enzyme. Kane Biotech In@shan exclusive worldwide license agreement
with the University of Medicine and Dentistry of WeJersey, NJ, USA to commercialize
DispersinB technology for human, animal, agricultural andusitial applications. The US
patent on this technology has already been isdu&kl Pat. No.7,294,497).

2. Structural Chemistry

Dispersin® is a naturally occurring N-acetylglucosaminidasezyme produced by a
periodontal disease-associated oral bacterfggregatibacter actinomycetemcomitai$is 41
kDa enzyme consists of a single chain containing&ino acid residues, is a highly active and
stable glycoside hydrolase that functions in aowarpH range. It is readily soluble in water.
Structurally, the bowl-shaped DispersfhBiolecule has a large central cavity, which exhikbit
negative electrostatic potential. It consists airayle domain and can further be subdivided into
substrates. The major structure (residues 1-60esidues 91-358) folds intolda structure with

a typical TIM-barrel, which contains minor substais an insertion.

2.1 DispersinB Amino Acid (AA) Sequence

NCCVKGNSIYPQKTSTKQTGLMLDIARHFYSPEVIKSFIDTISLSGGNEBHHSDHEN
YAIESHLLNQRAENAVQGKDGIYINPYTGKPFLSYRQLDDIKAYAKAKMHELDSP
NHMTAIFKLVQKDRGVKYLQGLKSRQVDDEIDITNADSITFMQSLMSEGDTSQH
FHIGGDEFGYSVESNHEFITYANKLSYFLEKKGLKTRMWNDGLIKNTHFERIEITY
WSYDGDTQDKNEAAERRDMRVSLPELLAKGFTVLNYNSYYLYIVPKIGHPARFAA
KDVIKNWDLGVWDGRNTKNRVQNTHEIAGAALSIWGEDAKALKDE RQIKNERAVI
HKTNGDE

3. Mode of Action
DispersinB specifically hydrolyses the glycosidic linkagespafly-b-1, 6-N-acetylglucosamine

in polysaccharide adhesins of bacteria needed il formation, and also in preformed
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biofilm (a polysaccharide matrix) without affectiige growth (ltohet al, 2005; Izanogt al,
2007b). Thus, it inhibits as well as disperses dsit biofilms. Furthermore, DispersifiB
antibiofilm activity is specific to bacteria thatrgouce polyb-1, 6-N-acetylglucosamine

polysaccharide in biofilms.

4. Antibiofilm Activity

4.1 Biofilm inhibition

4.1.1 Effect of DispersitiBon biofilm formation

Biofilms were assayed by crystal violet staining,de@scribed previously (Jacksat,al, 2002).

The overnight grown gram-negatite coli and gram-positive bacteria suchSasepidermidisS.
aureus and Coagulase-negative staphylococci (CoNS-42¢ wguted to 5% in colony forming
antigen medium (CFA) and tryptic soy broth (TSB)spectively and biofilm was grown in 96-
well microtiter plates (Corning Inc., New York). @ilm growth was determined by measuring
the absorbance at 630 nm. DisperS§irgB 12.5 pg/ml was effective in significantly rethg (P<
0.05) biofilm formation by about 96% d&. coli, 63% of Staphylococcus aureu94% ofS.
epidermidis and 80% of Coagulase-negative Staphylococcus$4RI$-42) Fig. 1).

Fig. 1: Effect of DispersinB® (12.5 ug/ml) on biofilm formation in E. coli, S. aureus, S.
epidermidisand Coagulase-negative Staphylococcus-42
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4.1.2 Effect of DispersiffB on biofilm formation in animal pathogens Actinotiias

pleuropneumoniae and A. suis
An in vitro microtiter assay was performed to determine tfecebf DispersinB on the growth

and biofilm formation ofActinobacillus pleuropneumoniasadA. suis A. pleuropneumoniaand



Kane Biotech Inc. TeBleview

A. suisare swine pathogens causing pleuropneumdnigleuropneumoniaandA. suisbiofilm

was grown in brain heart infusion broth (BHI) sugrpented with 10 mg/l NAD and BHI broth
respectively. Biofilm was grown in 96-well micrait plate in the absence and presence of 50
ng/ml DispersinB. The plate was incubated at 37°C for 24 hoursw@rof planktonic cells
based on the absorbance at 600 nm was determinad uabsystems Multiskan Ascent
microplate reader. Biofilm was measured by discaydhe medium, rinsing the wells with water
(three times), and staining bound cells with crystalet. The dye was solubilized with 33%
acetic acid, and absorbance at 630 nm was detednfioe each experiment, background staining
was corrected by subtracting the crystal violet dzb@o uninoculated controlF{g. 2). The

DispersinB’ inhibited biofilm formation ofA. pleuropneumoniaandA. suis

Fig. 2: Effect of DispersinE” on biofilm formation in Actinobacillus suisand A.

pleuropneumoniae
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4.2 Biofilm dispersal

4.2.1 Effect of DispersiriBon S. epidermidis biofilm dispersal

To demonstrate that DispersifiRlegrades theéS. epidermidisintracellular slime matrix, the
biofilm growth from the surface of a culture vessehs scraped and transferred to a tube
containing physiological saline. Under these coads, the cells formed a sticky aggregate that
rapidly settles to the bottom of the tube. Additioh DispersinE in the tube resulted in
uniformly turbid cell suspensions indicating thegatment with DispersinBdisperses biofilms
(Figs. 3 & 4).
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Fig. 3: Dispersal of S. epidermidis biofilm by DisprsinB®

Control DispersifiBtreated

Fig. 4: Confocal images o8. epidermidisiofilm dispersal by DispersinB®

Control DispersinB-treated

4.3 Broad-spectrum activity

DispersinB is effective against both gram-negative and grasitiye bacteria. It inhibits
biofilm formation and/or disperses preformed biofiin human, animal and plant bacterial
pathogensTable 1).
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Table 1: Antibiofilm activity of DispersinB® against human and animal pathogens

Pathogen Antibiofilm activity = Reference

Acinetobacter spp. Inhibition, dispersal Dr. KaplamB. (Personal

Communication)

Actinobacillus pleuropenumoniaelnhibition, dispersal lzanagt al, 2007b
Aggregatibacter (Actinobacillus)Dispersal Izanoegt al, 2007a
actinomycetemcomitans

Aggregatibacter (Haemophilus)Dispersal Dr. Kaplan, J.B.(Personal
aphrophilus Communication)
Escherichia coli Inhibition, dispersal Itohet al, 2005

Yersinia pestis Inhibition Itoh, et al, 2005
Pseudomonas fluorescens Inhibition, dispersal Itohet al, 2005

Bordetella spp. Inhibition Pariseet al, 2007
Xanthomonas axonopodis Dispersal Dr. Kaplan, J.B. (Personal

Communication)

Staphylococcus epidermidis Inhibition, dispersal Izanoet al, 2008b; Rohdeet al,
2007

S. aureus Inhibition Izano, et al, 2008b; Rohdeet al,
2007

5. Compatibility of DispersinB® with biological fluids

The compatibility of DispersinBwith the biological fluids such as human urine djidod
plasma (BioChemmed Services, Winchester, VA, USA¥s wletermined using. epidermidis
biofilm dispersal assays. epidermidisiofilm was grown in 96-well microtiter plate caming
tryptic soy broth (TSB). After 24 h incubation at°€, the broth containing planktonic cells was
discarded. DispersiriBat 20 pg/ml was mixed with phosphate buffered sa{lPBS), urine and
plasma separately and added to the wells contaBimgpidermidibiofiim. The plate was further
incubated at 37°C for 4 h and the biofilm was eated by crystal violet method. Although, urine
and plasma did not disperSe epidermidisiofilm, Dispersing significantly dispersed biofilm
in combination with urine and plasma. This indisafeat these two biological fluids do not affect

the activity of DispersinB(Fig. 5 a and b.
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Fig 5: Effect of human urine and human blood plasman biofilm dispersal activity of

DispersinB®
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6. Haemolytic activity of Dispersing’®
The haemolytic activity of DispersifiBwas determined as previously described by Starkl
(2002) and Klajneret al. (2006). Briefly, erythrocytes were separated fimmman blood plasma
and leukocytes by centrifugation atC4 and washed 3 times with PBS. Washed erythrocytes
were centrifuged for 5 min and used immediatel\sbgpending in PBS to obtain 4% suspension.
DispersinB was diluted to appropriate concentrations in PB& 00 | of it was transferred to
a polypropylene tube containing 10Dof erythrocyte suspension. Similarly, 100each of PBS
and 0.1% TritonX-100 were added separately to poyyene tubes containing 100 of
erythrocyte suspension. PBS and 0.1% TritonX-10®eskas negative and positive controls,
respectively. The tubes were incubated for 1 B7A€C and centrifuged at°@ for 5 min, and
transferred 1001 of supernatant to cuvettes. After adding 900f PBS to each cuvette, the
reading was taken at 540 nm using a UV-Vis spebotpmeter.

While PBS and DispersiffB(400 g/ml) did not show any haemolytic activity, TritonX
100 caused 100% lysis of erythrocyt&g( 6). Furthermore, DispersirffiBdid not seem to have
any noticeable haemolytic activity when its concatmbn was increased up to 2 mg/ml (data not
shown). Thus, the results of this haemolytic attitest indicate the haemocompatibility of

Dispersing.
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Fig. 6: Haemolytic activity of DispersinB®

PBS 400 pg/ml 0.1%
DispersinB ™ Triton-X

7. Toxicity

Thein vitro cytotoxic effect of DispersinBon eukaryotic cells was evaluated using Hep-2 cell
culture (Donelli,et al, 2007). Hep-2 cells were seeded on a glass cqvensh 24-well plate,
and treated with 300pg/ml DispersifiBor 24 h Fig. 7). In order to assess the possible action on
the cytoskeleton by DispersifiBHep-2 cells were stained with fluorescein isatiamate dye.

DispersinB did not cause any alteration in the cell cytosizie

Fig. 7: Cytotoxic effect of Dispersing on Hep-2 cells

Control DispersinB-treated
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8. Stability

The silicone urinary catheter (14 fr) segmentsr(i)-were coated with 60 pg/ml DispersihBnd
stored at room temperature for 52 weeks. Every dkaiethe antibiofilm activity was tested by
adhesion assay performed agaiSstepidermidis(Cormio, et al, 2001). For adhesion assay,
coated and uncoated segments were placed in 1feniesulture tube, each containing 10 ml
tryptic soy broth (TSB). The tubes were inoculatéth 100 pl of inoculum (1610° CFUs) and
incubated in a water bath for 16-18 h at 37°C wgitlaking at 100 rpm. After incubation, the
catheter segments were washed three times in salithéransferred into 2-ml tube containing 1
ml saline. Adherent cells were removed by sonicata 30 s, followed by vortexing for 1 min.
The cells were serially diluted in saline and tipdstted on to tryptic soy agar plates. The plates
were incubated at 37°C for 24 h, and the coloniesewcounted Rig. 8). The DispersinB
coating on urinary catheter was effective in preéwgncatheter colonization . epidermidigor

more than 52 weeks (1 year) indicating the stahilftDispersinE at room temperature.

Fig. 8: Storage stability of silicone catheter coad with DispersinB® at

room temperature
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9. DispersinB® in Combination with Antimicrobials

As DispersinB can only inhibit or disperse bacterial biofilmsthdut affecting their growth, it
would be necessary to combine it with an antimi@bfantiseptic or antibiotic or detergent or
bacteriophage) in order to inhibit the growth andliferation of biofilm-embedded bacteria
(Madhyasthaget al WO 2008/043195 Al,; Darouichet al.,2009). Furthermore, a composition
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comprising DispersinB and an antimicrobial with both antibiofilm and ianicrobial activity is
highly effective against biofilm-embedded bacteriaDispersinB makes them more susceptible
to antimicrobial. In other words, the use of DisieB® together with an antimicrobial is a two
pronged approach wherein DispersinBihibits or disperses biofims and an antimicrbbia
inhibits bacterial growth and proliferation. Altetively, Dispersin and an antimicrobial can
be used sequentially for inhibiting or dispersingfibms prior to inhibiting the growth and
proliferation of bacteria with an antimicrobial.

9.1 DispersinB/Antiseptics

9.1.1DispersinB/Triclosan

Although the combination of DispersifiBand Triclosan has wide applications, we are ctiyren
focusing on its application in antibiofilm-antimadyial coating of catheters and in wound care.
The following experimental data show synergy, brspdctrum activity,in vitro andin vivo
efficacy of Dispersin8 and Triclosan combination:

9.1.2 Synergistic inhibitory effect of DispersftiBriclosanon biofilm formation

Biofilms were assayed by crystal violet staining,de@scribed previously (Jacksat,al, 2002).
The overnight grown cultures were diluted to 5%d BB and grown in 96-well microtiter plates
(Corning Inc., New York). The central venous cathe{CVC)-associated pathoger.
epidermidisand Coagulase-negative Staphylococci-42 (CoNSkid)lms were grown in the
presence and absence of DisperSird Triclosan alone and in combination. Biofilmogth
was determined by measuring the absorbance at &30 Tmiclosan in combination with
DispersinB significantly inhibited biofilm formation byS. epidermidisand CoNS-42 as
compared to either control or either agents aldPe Q.05), thereby indicating the synergy
between Triclosan and DispersitBFig. 9a,b). TheS. epidermidisand CoNS-42 biofilms were

reduced to undetectable levels when Triclosan wasined with Dispersin®
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Fig. 9: Effect of DispersinB® and Triclosan alone and in combination on staphyleoccal

biofilm formation
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9.1.3 In vitro durability of DispersinB/Triclosan coated, ARROWg+ard Blue (AGB), and
ARROWg+ard Blue Plus (AGB+) catheters by seriat@laansfer method against S. aureus
The overnight cultures were spread on to the seréddryptic soy agar (TSA) plates and 1 cm
segments of polyurethane catheter coated with ES8pE®/Triclosan; AGB and AGB+ were

10
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placed on to the surface of agar plates separatbfy plates were incubated at 37°C for 24 h and
the zone of inhibition was measured as a clear pengendicular to the long axis of the catheter
segment. The catheter segments were transferrely tlai fresh lawns on TSA. The
DispersinB’/Triclosan-coated, AGB and AGB+ catheter segmergseveffective in inhibiting
the growth ofS. aureudor more than 7 daysig. 10. However, the zone sizes of AGB and
AGB+ catheters were smaller than DisperS§ifiBiclosan-coated catheters during 7 days serial

plate transfer.

Fig. 10: In vitro durability of DispersinB ®/Triclosan-coated, AGB, AGB+ polyurethane
catheters as determined by the zone of inhibitiongainst Staphylococcus aureus
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9.1.4 In vitro durability of DispersinBTriclosan-coated CVC in rabbit plasma

One-cm long segments of uncoated, and Dispeféinglosan coated CVCs were placed in
separate bottles containing 10 ml rabbit plasma. Aditles were incubated at 37°C and 100 rpm
shaking. Catheter segments were removed from #ek fafter 1, 5, and 7 days to perform
adhesion assay againSt epidermidis DispersinB/Triclosan coated catheter segments were
significantly less colonized b$. epidermidisas compared to control catheter segments during
the 7 day experimenPg& 0.05) Fig. 11)

11
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Fig. 11:In vitro durability of DispersinB ®/Triclosan-coated polyurethane CVC in rabbit

plasma
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9.1.5 In vitro durability of DispersinBTriclosan-coated CVC in bovine serum

One-cm long segments of uncoated, Disper&mBclosan coated, Arrowgard Blue, and
Arrowgard Blue Plus CVCs were placed in separa@ 0 flasks and soaked in 100 ml TSB
containing 20% bovine serum (Kimet al, 2002). The flasks were incubated at 37°C with 10
rpom shaking. Catheter segments were removed frenilask after 1, 4, and 7 days to perform
zone of inhibition and adhesion assay agathstureusOn day 1, the mean zones of inhibition
for DispersinB/Triclosan, Arrowgard Blue and Arrowgard Blue Plusre 26.6, 3.6, and 5.6 mm
respectively Fig. 12a). After being soaked for 7 days, the mean zoneastobition produced by
DispersinB’/Triclosan-coated CVC, Arrowgard Blue, and Arrondj&ue Plus were 15.6, 0, and
1.6 mm. Furthermore, Dispersififriclosan coated, Arrowgard Blue, and Arrowgardi®Plus
catheter segments were significantly less likelyb& colonized byS. aureusas compared to
control catheter segments during the 7 days oe#periment P< 0.05). However, after 7 days
of soaking DispersinBTriclosan-coated catheters were colonized appiotog lower than,
Arrowgard Blue, and Arrowgard Blue Plus cathetegnsents but the difference was not
significant £> 0.05) Fig. 12b).

12



Kane Biotech Inc.

TeBleview

Fig. 12:In vitro durability of DispersinB® (DspB)/Triclosan-coated CVC in comparison

with Arrowgard CVC as determined by (a) the zone binhibition and (b) the adhesion

assay againsS. aureus
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9.1.6 In vitro storage stability of Dispersifig riclosan-coated polyurethane CVC and silicone

urinary catheters at room temperature

The DispersinB/Triclosan coated and uncoated polyurethane aricosé catheter segments

were stored at room temperature for one year. Tddg@lisy was studied by performing adhesion

13
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assay againsk. epidermidis The DispersinB/Triclosan coating on polyurethane and silicone
catheters was stable for a year at room tempergaeenting 90% catheter adhesion ®y
epidermidis(Fig. 13a,b)

Fig. 13: Storage stability of DispersinB/Triclosan coated catheters:
a) Polyurethane catheters
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9.1.7In vitro efficacy of DispersinBTriclosancoated CVC

In order to develop an effective broad-spectrumib@ftim-antimicrobial catheter coating

capable of impeding bacterial colonizationvivo, it was first necessary to documentvitro

14
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activity. The CVC segments (1-cm) were coated vidibpersinE/Triclosan combination by
dipping in a solution that contained Triclosan (@§/ml) and DispersinB (100 pg/ml) and then
gas sterilized with ethylene oxide. We used a fliyjgmodified method of Cormicet al. (2001)

to determine the adherence of Staphylococci @addida albicans to the surface of CVCs
DispersinB/Triclosan-coated catheter segments demonstratedt@therence ability against all
tested organisms, namel$. aureus S. epidermidisand C. albicans The growth of tested
organisms on DispersifiBTriclosan-coated catheter segments was significalotver than
control uncoated catheter segmerits 0.05) Fig. 14). The DispersinB/Triclosan coating on
catheter segments reduced catheter adhesion lysZatbcompared to uncoated control catheter
segments. In fact, Staphylococci a@Gdndida albicans account for 70%-80% and 10%-15%,

respectively of central venous catheter (CVC) assed infections (Darouiche, 2001).

Fig. 14: Effect of DispersinB/Triclosan coated CVC on adhesion of CVC-associated

pathogens
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9.1.8 In vivo efficacy of DispersinB/Triclosanated CVC in a rabbit model of S. aureus

infection
The catheter segments uncoated, Dispef$ifilosan-coated, ARROWg+ard Blue (AGB), and
ARROWOg+ard Blue plus (AGB+) were subcuteneouslyeitedd in 20 rabbits and the insertion

15
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sites were inoculated with clinical isolatesSfaureugDarouiche gt al, 2002). After one week
rabbits were sacrificed and catheter segments wletia@ned for bacteriological analysis. All 20
rabbits tolerated surgery well and exhibited nalexce of sepsis or failure to thrive, indicating
the safety of antimicrobial compounds. As the tabkhows, 1/30 (3.3%) Dispersifiriclosan
coated catheters, 4/30 (13.3%) AGB, 1/30 (3.3%) AGBtheters, and 29/30 (96.7%) uncoated
control catheters became colonized wh aureus DispersinB/Triclosan-coated, AGB, and
AGB+ catheters were significantly less likely todmonized byS. aureusompared to uncoated
control cathetersR< 0.001). However, no significant difference was@ted when catheter
colonization was compared among DisperSifiBiclosan-coated, AGB, and AGB+ catheters
groups P > 0.05).

Table 2: In vivo efficacy of DispersinB/Triclosancoated, ARROWg+ard Blue (AGB),
ARROWGg-+ard Blue PLUS (AGB+), and uncoated CVCs @agfs5. aureu$

Outcome No. of catheter segment with outcome/{etal P value
DispersinB/Triclosan AGB  AGB+ Uncoated
Catheter 1/30 (3.3%) 4/30  1/30 29/30 0.353
colonization (13.3%) (3.3%) (96.7%) 1.0
<0.00%
<0.007
<0.00F

& Catheter segments (1 cm long) were subcutaneoséytid in rabbits ang. aureususpension
(10* CFU) was inoculated at the insertion site. Afeven days, catheter segments were analyzed
for catheter colonizatiortP value for Dispersin®Triclosan coated vs. AGB cathetéP, value

for DispersinB/Triclosan coated vs. AGB+ cathetdP, value for Dispersin®/Triclosan coated

vs. uncoated cathetérP value for AGB vs. uncoated cathet2P value for AGB+ vs. uncoated

catheter

9.1.9 In vivo efficacy of catheter-lock solutiomtaining DispersinB/Teicoplaninantibiotic

Staphylococcus aureusauses port-related bloodstream infections (PRIBI)catheterized
patients. Anin vivo experiment was performed to evaluate the actiitispersing in sheep
model of PRBI by administering DispersifiBs a lock solution inside the port with teicoptani

16
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(Serreragt al, 2007). Experimental PRBI was established in&adle sheep. Three days after
the infection, animals were randomly divided intoee equal groups and antimicrobial therapy
was initiated as follows: (i) no treatment; (ii)ié@planin intravenous injection (loading dose of 6
mg/kg/12 h x 3 doses and then 4 mg/kg/24 h) pliusopéanin locks (10 mg/ml); and (iii)
Teicoplanin; 1.V. and DispersirfB(40 pg/ml)/teicoplanin (10 mg/ml) locks. This theeent was
administered every day for ten days. Blood sample® collected daily from venipuncture and
port for microbiological analysis. Three days, aftempletion of therapy, sheep were sacrificed
and ports were aseptically removed and culturedalfpimg of the internal lumen, septum
sonication and catheter tip sonication).

All the animals in no treatment group died dueséptic complications and all blood and
port cultures were positive fd8. aureus In group Il, 75% of the animals got sterile blood
cultures during treatment (mean: 7, range: 3-1&)dyut all the port cultures were positive after
removal. In group, Il 100% of the animals got géeblood cultures during treatment (mean: 3,
range: 3-8 days), and catheter cultures were cdeiplaegative in 50% of the animals. The
results indicate that a combination lock of DispeBS with teicoplanin besides systemic

antibiotic therapy is active in a sheep model oBPR

9.1.10 Dispersin®/Chlorhexidine sequential application

In vitro biofilm killing assay was performed to determihe effect of DispersinBpre-treatment
on susceptibility ofStaphylococcus epidermidis CHX. S. epidermidisiofilm was grown in
tubes and pre-treated with PBS or DisperSiiB pg/ml), for 30 min and then treated with CHX
(0.2 pg/ml) for 5 min at 37°C (Izanet al, 2007a). The untreated, DispersthBr CHX alone
did not significantly killS. epidermidisiofiim (Fig. 15. However, CHX caused a 1.6-log unit
decrease in the number of CFUs in tubes pre-tremiigl Dispersing. Dispersing pre-

treatment makes biofilm embedded cells more suddepb CHX treatment.

17
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Fig. 15: Effect of DispersinE’ and chlorhexidine (CHX) on Staphylococcus epidermidis
biofilm
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9.2 DispersinB/Antibiotics

9. 2.1 DispersinB/Ampicillin

Actinobacillus pleuropneumonidmofilm was treated with 0, 10 or 100 pg/ml amiiciand O or
20 pg/ml DispersinB. Biofilm treated with combination of DispersifiBind ampicillin exhibited
a significant decrease in the number of CFU/tuberwhompared with biofilm treated with
ampicillin alone Fig. 16, (P<0.02). Therefore, treatment &f pleuropneumoniabiofilm with

DispersinB rendered them more sensitive to killing by ampicillzano,et al, 2007b).

Fig. 16: Effect of DispersinB’ and ampicillin alone and in combination onA.

pleuropneumoniaebiofilm
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9.2.2 DispersinB/Cefamandole nafate

Staphylococcal biofiim was developed onto polyuaeh disk loaded with and without
DispersinB for 24 h. The planktonic growth was removed by hirag the disks twice with PBS
and treated overnight with 0.2%9/ml cefamandole nafate. The methicillin-susceptifdtrain
5683), methicillin-resistant (strain 10850) strahS. aureusandS. epidermidisATCC 35984
biofilm developed on DispersifiBloaded disks were more sensitive to cefamandofatama
treatment compared to unloaded disks (Donetlgl, 2007) Fig. 17).

Fig. 17: Effect of DispersinE’ loaded polyurethane disk on the antimicrobial actiity of

cefamandole nafate against biofilm-embedde8. aureusand S. epidermidis

9.2.3 DispersinB/Ciprofloxacin

In vitro biofilm dispersal assay was performed to deterntime effect of DispersinB on
enhancing the sensitivity &. epidermidibiofilm to ciprofloxacin.S. epidermididiofilm grown

in 1.5 ml polypropylene microcentrifuge tubes wensed with 200 pl of fresh medium and then
treated with 200 pl medium containing 200 pg/ml @profloxacin and/or 20 pg/ml of
Dispersin® (Izano, et al, 2007b). After incubating for 3 hours at 37°C, gDof 200pg/ml
DispersinB was added to each tube and tubes were incubateadéttional 5 min to detach
biofilm. Serial dilutions of cells were plated onSA. When DispersinB was used in

combination with ciprofloxacin; it increased thensiivity of S. epidermidisbiofiim to
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ciprofloxacin €ig. 18). Thus, DispersinB and ciprofloxacin combination have an enhanced
inhibitory effect on biofilm-embeddef. epidermidis

Fig. 18: Effect of DispersinB’ and ciprofloxacin (cipro) alone and in combinationon S.

epidermidisbiofilm
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9.2.4 DispersinB/Rifampicin

In vitro biofilm dispersal assay was performed to deterntime effect of DispersinB on
enhancing the sensitivity &. epidermididiofilm to rifampicin.S. epidermidibiofilm grown in
1.5 ml polypropylene microcentrifuge tubes wereseh with 200 pl of fresh medium and then
treated with 200 pl medium containing 100 pg/mtitEmpicin and/or 20 pg/ml of DispersifiB
(Izano, et al, 2007b). After incubating for 3 hours at 37°C, {l0of 200pg/ml Dispersin® was
added to each tube and tubes were incubated faticadd 5 min to detach biofilm. Serial
dilutions of cells were plated on TSA. When DispeB§ was used in combination with
rifampicin; it increased the sensitivity &. epidermidisiofilm to rifampicin Fig. 19. Thus,
Dispersin® and rifampicin combination have an enhanced intipi effect on biofilm-

embedded. epidermidis

20



Kane Biotech Inc. TeBleview

Fig. 19: Effect of DispersinE and rifampicin (Rf) alone and in combination onS.

epidermidisbiofilm
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9.3 DispersinB/Silver nanoparticles sequential application

An in vitro biofilm assay was performed to determine the efié®ispersing pre-treatment on
the susceptibility of. epidermidigo silver nanoparticles (SNF. epidermididiofilm grown in
tubes was pre-treated with PBS or DisperSi¢® pg/ml) for 30 min, and then treated with SNP
(0.03125 pg/ml) for 60 min at 37°C. The untrea@ispersinB or SNP alone did not
significantly kill biofilm-embeddedb. epidermidigFig. 20). However, SNP caused a 1.5 log
decrease in CFU in tubes pre-treated with DispBfinThus, DispersinB pre-treatment made

biofilm embedded cells more susceptible to SNRneat.

Fig. 20: Effect sequential application of DispersiB® and silver nanoparticles (SNP) on

Staphylococcus epidermidisiofilm
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9.4 DispersinB/ Silver nanoparticles combination

In vitro biofilm dispersal assay was performed to deterrifieeenhancing effect of DispersifiB
on the sensitivity of5. epidermidisiofilm to silver nanoparticles (SNP$. epidermidisiofilm
grown in 1.5 ml polypropylene microcentrifuge tubeas rinsed with 200 ul of fresh medium
and then treated with 200 pl medium containing S50 pg/ml) and DispersirffB(20 pg/ml)
alone and in combination (Izanet al, 2007b). After incubating for 3 hours at 37°C, |il0of
200ug/ml DispersinB was added to each tube and tubes were incubatediditional 5 min to
detach biofilm. Serial dilutions of cells were gldton TSA. When DispersifiBwas used in
combination with SNP; it increased the sensitiofyS. epidermidisiofiilm to SNP Fig. 21).
Thus, DispersinB and SNP combination showed a synergistic inhipiteffect on biofilm-

embedded. epidermidis

Fig. 21: Effect of DispersinB’ and silver nanoparticles (SNP) combination on

Staphylococcus epidermidisiofilm
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9.5 DispersinB/ Glucose Oxidase enzyme

In vitro biofilm dispersal assay was performed to deterntime effect of DispersinB on
enhancing the sensitivity d. epidermidisbiofilm to antimicrobial enzyme glucose oxidase.
Glucose oxidase converts glucose into hydrogenxmp which is an antimicrobial agerg.

epidermidisbiofilm grown in 1.5 ml polypropylene microcentrge tubes were rinsed with 200
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ul of fresh medium and then treated with 200 pl medcontaining 10 U/ml of glucose oxidase
and/or 20 pg/ml of Dispersirf&(Izano,et al, 2007b). After incubating for 3 hours at 37°C,{l0

of 200pg/ml Dispersinf was added to each tube and tubes were incubatediditional 5 min

to detach biofilm. Serial dilutions of cells werkaged on TSA. When DispersifiBvas used in
combination with glucose oxidase; it increasedsthesitivity ofS. epidermididiofilm to glucose
oxidase Fig. 22. Thus, DispersinB and glucose oxidase combination has a synergistic

inhibitory effect on biofilm-embeddef. epidermidis

Fig. 22: Effect of DispersinB’ and glucose oxidase (GO) alone and in combinatiam S.
epidermidisbiofilm
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9.6 DispersinB/Detergents

9.6.1DispersinB/Benzalkonium chloride sequential application

In vitro biofilm killing assay was performed to determihe effect of DispersinBpre-treatment
on susceptibility ofS. epidermidigo benzalkonium chloride (BKC}ES. epidermididiofilm was
grown in tubes were pre-treated with PBS or Disp&3 (20 pg/ml) for 30 min, and then treated
with BKC (0.4 pg/ml) for 60 min at 37°C (lzanet al, 2007a). The untreated, Dispersfhsr
BKC alone did not significantly kil5. epidermidigiofilm (Fig. 23. However, BKC caused a
2.2 log unit decrease in the number of CFUs in syre-treated with DispersifiBDispersing
pre-treatment makes biofilm embedded cells moreepible to BKC treatment. Detergents are
not compatible with enzymes as they precipitatetgims. Thus, DispersirffBcan be used

sequentially with the antimicrobial agents that moecompatible.
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Fig. 23: Effect of DispersinB’ and benzalkonium chloride (BKC) alone and in combiation

on S. epidermidiiofilm
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9.6.2 DispersinB/SDS sequential application

In vitro biofilm killing assay was performed to determihe effect of DispersinBpre-treatment
on the susceptibility o6taphylococcus epidermidis SDS.S. epidermididiofilm was grown in
tubes and pre-treated with PBS or DisperSiiB0 pg/ml), for 30 min and then treated with SDS
(0.2 mg/ml) for 5 min at 37°C (Izanet al, 2007a). The untreated, DispersthBr SDS alone
did not significantly killS. epidermidigiofilm (Fig. 24). However, SDS caused a 1.5-log unit
decrease in the number of CFUs in tubes pre-treaitdDispersinE. Thus, Dispersin pre-

treatment makes biofilm embedded cells more suddepb SDS treatment.

Fig. 24: Effect of DispersinB /SDS onStaphylococcus epidermidisiofilm
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9.6.3 DispersinB/Cetylpyridinium chloride

In vitro biofilm killing assay was performed to determihe effect of DispersinBpre-treatment
on susceptibility ofAggregatibacter actinomycetemcomitaoscetylpyridinium chloride (CPC).
A. actinomycetemcomitansolonizes the human oral cavity and causes perigdorand
endocarditis.A. actinomycetemcomitansofilm grown in tubes were pre-treated with PBS o
DispersinB (20 pg/ml), and then were treated with CPC (0.0p&%%5 min at 37°C (Izancet
al., 2008). The untreated, DispersfhBor CPC alone did not significantly KkillA.
actinomycetemomitanisiofilm. However, CPC caused a 3-log unit decreiaséhe number of
CFUs in tubes pre-treated with Dispersin@Fig. 25). Thus, Dispersin pre-treatment makes
biofilm embedded cells more susceptible to CPCrmeat.

Fig. 25: Effect of DispersinB and cetylpyridinium chloride (CPC) on Aggregatibacter

actinomycetemcomitanbiofilm

9.6.4 DispersinB/SDS sequential application

In vitro biofilm killing assay was performed to determihe effect of DispersinBpre-treatment
on susceptibility ofAggregatibacter actinomycetemcomitansSDS.A. actinomycetemcomitans
colonizes the human oral cavity and causes perigdonand endocarditis. A.
actinomycetemcomitangiofilm was grown in tubes and were pre-treatedhwPBS or
DispersinB (20 pg/ml), for 5 and 30 min and then treated V@ifdS (0.01 %) for 5 min at 37°C
(Izano, et al, 2007a). The untreated, DispersthBr SDS alone did not significantly kil.
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actinomycetemomitanbiofilm (Fig. 26). However, SDS caused a 2-log unit decrease in the
number of CFUs in tubes pre-treated with DisperSifi& 5 min, and 4-log-unit decrease in
tubes pre-treated for 30 min. DispersinBre-treatment makes biofilm embedded cells more

susceptible to SDS treatment.

Fig. 26: Effect of DispersinE and SDS onAggregatibacter actinomycetemcomitab&film

9.7 DispersinB/Bacteriophage

Bacteriophages are viruses that infect bacterianyMgzhages have the ability to lyse bacteria
(Iytic bacteriophages); usually occurring afteraviassembly is complete so that fully assembled
virus can exit the host cells and infect new baateells. Using our DispersirfBtechnology, Dr.
Randy Wolcott's team at the Southwest Regional Vdo@are Center in Lubbock, Texas
formulated a composition comprising DispersinBnzyme and a lytic phage mixture, which

disperses and kills biofilm embedd&d coli cells. The combination of DispersifiBand phage
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mixture showed almost 99% inhibition Bf coli biofilm as compared to only 9% inhibition by
the phage mixture alone over the four day periodreatment Eig. 27). This combination
therapy could provide a new and highly effectivethmed of treating chronic wounds such as

diabetic foot ulcers.

Fig. 27: Effect of DispersinB’ (DspB) and bacteriophage mixture on biofiim-embeded
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Recently, Lu and Collins (2007) from Harvard-MIT, Ayl USA engineeredE. coli T7
bacteriophage to express DispersinB order to simultaneously attack the bacterélscin the
biofilm and the biofilm extracellular polymeric sstances. This two-pronged DispersthB
expressing bacteriophage strategy removed 99.99%aai€rial biofilm, which were two orders
of magnitude better than that of bacteriophagee(piy. 29).

Thus, this study on DispersifiBaxpressing bacteriophage and Dr. Wolcott's re$eam
DispersinB and bacteriophage mixture combinations provideoseh strategy for treating

chronic wounds more effectively than the curreritémtic/antimicrobial therapies.
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Fig. 28: Effect of engineered Dispersin (DspB)—expressing phage treatment of. coli
biofilm.

9.8 DispersinB/Macrophage

Macrophages are phagocytes, acting in both nonfgpdefence as well as specific defence of
vertebrate animals. Their role is to phagocytosgy# and then digest) cellular debris and
pathogens either as stationary or mobile cells tanstimulate lymphocytes and other immune
cells to respond to the pathogen. Previously, stlbeen shown that bacteria in a biofilm are 100
to 1000 times more resistant to antimicrobials bost’s immune responses than their planktonic
counterparts. Therefora vitro biofilm killing assay was performed to demonstridte effect of
DispersinB pre-treatment on the susceptibility Afjgregatibacter actinomycetemcomitaias
macrophage (Venketaramaat, al, 2008). The monolayers of human THP-1 macrophagee
infected with single cell suspensions of wild-tydepukotoxin mutant (Ltx), and poly-N-
acetylglucosamine mutant (PGA) actinomycetemcomitarssrains. All infections were carried
out at a ratio of 10-30 bacterial cells per maceg#h The total number of viable bacteria in each
well was enumerated by lysing macrophages with watel determining the colony forming
units (CFUs) by dilution plating. After 48 h, theimber ofA. actinomycetemcomitarGFUs
increased approximately 100% in the wells infectdgth the wild-type strain, but decreased
approximately 70-90% in the wells infected withKketoxin and PGA mutant strainkig. 29 A
and B). Wild type cells pre-treated with Dispersii®xhibited the same phenotype as PGA
mutant cells, resulting in a significant decreas€FUs Fig. 29 O). This study showed that the
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pre-treatment of biofiim-embeddell actinomycetemcomitarcells with DispersinB removes
the biofilm and renders the cells sensitive tamglby the body’s macrophages.

Fig 29: Effect of DispersinB® and macrophage omAggregatibacter actinomycetemcomitans

biofilm

9.9 Dispersin8/DNase I/FU for Cystic Fibrosis
As reported in the United States cystic fibrosiigma registry annual data report for 2001, the

prevalence of. aureusn respiratory secretions in cystic fibrosis patseis approximately 40%
during the first year of life, rises to 58% duriadolescence, and decreases throughout adulthood.
Pseudomonas aeruginosaay be the first pathogen recovered from as many0&6 of infants.
By 18 years of age, 80% of patients are infectdt ®i aeruginosaApproximately 3% of cystic
fibrosis patients of all ages now hartd®urkholderia cepaciacomplex, and 8% of adults are
infected with these organisms (Saimanal, 2003). DispersinB inhibits as well as dispers&s
aureusbiofilm. In order to formulate a broad-spectruntil@iofilm/antimicrobial combination
Dispersin® was combined with DNase | and 5-fluorouracil (F(Madhaystha,et al, US
Provisional Patent Appl. Serial No. 61/041,941). tr&sellular DNA, proteins and
polysaccharides act as adhesives in biofilm foromatiDNase | inhibit and disperse.
aeruginosa and S. aureusbiofiims (Saiman,et al, 2003; Whitchurch,et al, 2002). A
chemotherapeutic agent FU has been in use agaamstercc for about 40 years also shows

antimicrobial activity agains$. aureusP. aeruginosaandB. cepaciaTable 3).
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Table 3: MIC of 5-fluorouracil against cystic fibrosis infection associated pathogens

Pathogen MIC (ug/ml)

Staphylococcus aureus 25
Pseudomonas aeruginosa31.25

Burkholderia cepacia 62.5

9.9.1 DispersinB/DNase I/FU

An in vitro microplate assay was performed to determine teetedf DispersinB, DNase I, and
FU on the growth and biofilm formation &. aureus An overnight culture ofS. aureusin
Tryptic Soy Broth (TSB) was used as inoculinaureusiofilm was grown in TSB medium on
a 96-well microtiterplate in the absence and presasf DispersinB (5 pg/ml), DNase | (25
pg/ml), or FU (10 pg/ml) separately and in comboai{DNase | + DispersinB + FU). The plate
was incubated at 37°C for 24 hours. The planktariowth and biofilm was estimated as
described in Section 4.1.2. The Disper§ihBdNase I/FU combinations showed synergistic

inhibitory effect onS. aureusiofilm formation §ig. 30).

Fig. 30: Effect of DispersinE’, DNase |, 5-fluorouracil (FU) alone and in combingion on S.

aureusgrowth and biofilm formation
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10. DispersinB® Production

Kane Biotech Inc. has retained BioVectra Inc., @iteetown, PE, Canada to manufacture
clinical grade DispersinBto be used in the Company’s wound care producty8itra is FDA
approved cGMP facility having 35 years of expereeserving a global customer base. A tEal
coli fermentation run performed by BioVectra in a 30 drnientor without optimizing the
conditions, showed about seven-fold increase in preduction of purified DispersinB as
compared to that in a 2 L shake flask (544 vs. g&m) indicating a great potential to increase
the yield by optimizing the fermentation parametéyskandawalaet al, 2008). Thus, the
fermentation optimization as well as productionlscap will increase the yield thereby

decreasing the cost of Dispersfhproduction substantially.

11. Wound Gel Formulation

As shown in Table 4 two types of DispersfhBased wound gel were formulated. One gel
contains the active ingredient DispersihBlone (Dispersinf Antimicrobial Wound Gel) and
the other contains both Dispersfhnd Triclosan as active ingredients (DisperSifiiclosan
Antimicrobial Wound Gel). DispersifBis an antibiofilm enzyme, which inhibits biofilm
formation and disperses preformed biofilms. Trialo$s a broad-spectrum antiseptic, which kills
both gram-negative and gram-positive bacteria. &spB® Antimicrobial Wound Gel contains
0.02% DispersinB, 1.5% sodium alginate and 98.48% water. Dispef3ifiiclosan
Antimicrobial Wound Gel contains 1% Triclosan, 1Q8lyethylene glycol (PEG-400), 10%
alcohol, 0.02% DispersifB 1.5% sodium alginate and 77.48% water. A tablewdg the

compositions of wound gels is given below:
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Table 4: Composition of Wound Gel

Wound Gel Type Ingredient %Composition
Dispersing’ Dispersing’ 0.02%
Antimicrobial Wound Gel Sodium Alginate 3%

(autoclaved)

Water 96.98%
DispersinB’/Triclosan Dispersing’ 0.02%
Antimicrobial Wound Gel Triclosan 1.0%

Sodium Alginate 1.5%

Polyethylene Glycol (PEG- 10.0%

400)

Alcohol (Absolute) 10.0%

Water 77.48%

12. Wound Gel Activity
12.1 Antibiofilm activity of DispersinB gel

In vitro antibiofilm activity of DispersinB wound gel was determined by biofilm dispersal gssa
The overnight growrS. epidermidiculture was diluted 1:100 times in TSB and 20®fithe
culture was dispensed in each well of a 96-wellratiter plate. The plate was incubated at 37°C
for 24 h. After incubation, the planktonic growtlasvdiscarded and the biofilm was treated with
1:100 dilution of wound gel prepared in steriletitlesd water at 37°C for 5 h. Biofilm was
measured by discarding the wound gel, rinsing tle#swvith water (three times), and staining
the bound cells with crystal violet (0.4 % wi/v) fbB minutes, followed by washing with water to
remove unbound stain. The dye was solubilized i 20 of 33% (v/v) acetic acid and
absorbance at 630 nm was determined using a merqtiate reader (Multiskan Ascent,
Labsystems, Helsinki, Finland). Six replicates wesed for each sample, and each experiment
was performed three times. Dispersin®ound gel dispersed 50% 8f epidermidisiofilm at
1:100 dilution Fig. 31).
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Fig. 31: S. epidermidisbiofilm dispersal activity of DispersinB® wound gel
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A similar experiment was performed on Coagulaseatieg Staphylococci-42 (CoNS-42) a
wound isolate obtained from Dr. Randall Wolcott,uBovest Regional Wound Care Centre,
Lubbock, TX, USA. DispersinBwound gel was also active in dispersing CoNS-4#ilhi (Fig.
32).

Fig. 32: Coagulase-negative StaphylococCoNS-42) biofilm dispersal activity of

DispersinB® wound gel
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12.2 Antibiofilm-antimicrobial activity of DispesB®/Triclosan wound gel

In vitro biofilm dispersal assay was performed to determihe antibiofiim effect of
DispersinB’/Triclosan wound gel o8. epidermididiofilm. S. epidermididiofilms grown in 1.5

ml polypropylene microcentrifuge tubes were rinsegith 200 ul of distilled water and then
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treated with 200 pl distilled water (control), 1:@0uted heat-treated (60°C for 45 min) wound
gel, and 1:10 diluted untreated wound gel (Izagtaal, 2007b). After incubating for 3 hours at
37°C, the tubes were centrifuged and the pelletwashed with distilled water. The pellet was
resuspended in 200 pl of distilled water contain2@ug/ml DispersinB and tubes were

incubated for an additional 5 min to disaggregat#sc Serial dilutions of cells were plated on
TSA. The untreated gel was more active in killingfibm embeddedS. epidermidiscells than

heat-treated gel, which had lost considerable iagtf DispersinE. The untreated gel dispersed

biofilm embedded cells and made it more susceptdhntimicrobial TriclosanHig. 33).

Fig. 33: Antibiofilm-antimicrobial activity of Disp ersinB®/Triclosan wound gel against.

epidermidisbiofilm
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A similar experiment was performed against CoNS-42clinical chronic wound isolate.
DispersinB’/Triclosan wound gel showed antibiofilm-antimicrabiactivity against CoNS-42
(Fig. 34).
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Fig. 34: Antibiofilm-antimicrobial activity of Disp ersinB®/Triclosan wound gel against
Coagulase-negative Staphylococci (CoNS-42) biofilm
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12.3 Antimicrobial activity of DispersinBTriclosan gel

The overnight grown cultures were diluted 1:10 snaed 100 pl culture was spread onto TSA
plate (Vandenbulckest al, 2006). The 200 ul wound gel was overlaid ontoitleeulum and the
plates were incubated at 37°C for 24 h. The DispBf¥Triclosan wound gel completely
inhibited the growth of wound associated Gram-pasit Gram-negative bacteria and yeast
(Table 5. In addition, the wound gel also inhibited thewth of wound isolates completely
(Table 6).

Table 5: Antimicrobial activity of DispersinB®/Triclosan wound gel against wound

associated pathogens

Pathogen Growth (CFU/ml)

Control DispersinB/Triclosan
wound gel treated

Gram-positive

Staphylococcus aureus 1.2 x 16 0
S. epidermidis 1x 16 0
Enterococcus faecalis 2.3x 1§ 0
Gram-negative

Escherichia coli 2.2 x 16 0
Enterobacter cloacae 1.5x 16 0
Yeast

Candida albicans 45x 16 0
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Table 6: Antimicrobial activity of DispersinB ®/Triclosan wound gel against clinical isolates

Pathogen Characteristics Source Growth (CFU/ml)
Control DispersinB/
Triclosan gel
E. coli 100 Thigh wound, Southwest Regional2 X 10° 0
Sensitive to most Wound Care
antibiotics Centre, Lubbock,
TX, USA
E. coli 101 Lower leg wound,  Southwest Regional3.5 X 1 0
Resistant to Wound Care
ampicillin, Centre, Lubbock,
augmentin, TX, USA
levofloxacin, and
doxycycline
Group D Lower leg wound, Southwest Regional 2.35 X 16 0
Enterococcus Sensitive to Wound Care
(GDE) ampicillin, Centre, Lubbock,
Vancomycin Intermediate to TX, USA
sensitive doxycycline,
Enterococci  vancomycin, and
(VSE) #93  zyvox
Group D Heel wound, Southwest Regional3.54 X 16 0
Enterococcus Sensitive to zyvox, Wound Care
(GDE) Intermediate to Centre, Lubbock,
Vancomycin doxycycline, TX, USA
resistant Resistant to
Enterococci ampicillin and
(VRE) # 143 vancomycin
S. aureusGav Not tested for Southwest Regional2.18 X 16 0
16a antibiotic resistance, Wound Care
epidermolysis Centre, Lubbock,
bullosa isolate TX, USA
MRSA 64791 Wound isolate, Health Science ~ 3.7X10 0
Methicillin resistant  Centre, University
of Manitoba,
Winnipeg, MB,
Canada
Coagulase Methicillin resistant ~ Southwest Regional.71 X 1§ 0
Negative Wound Care
Staphylococci Centre, Lubbock,
(CoNS 42) TX, USA
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13. Wound Gel Stability

13.1 Dispersin8 wound gel

The stability of Dispersin®Triclosan wound gel at room temperature’@3with a relative
humidity (RH) between10 and 15% (unadjusted) wadist in order to determine its shelf life at
4°C using the FDA recommended accelerated aging@b(ASTM F1980-07). The antibiofilm
activity of Dispersin® wound gel was determined using a standard biofissay againss.
epidermidisas described in the Section 4.1. Disper&in®und gel inhibited about 95% &

epidermidisbiofilm formation after 16 weeks of storage atmotemperature, which is more than

equivalent to a shelf life of 1 year at 4°€d. 35).

Fig. 35: Accelerated aging of DispersinBwound gel at room temperature (14 weeks of

accelerated aging at 23°C= 1 year shelf life at 4jC
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13.2 DispersinB/Triclosan gel

The stability of Dispersin®Triclosan wound gel at room temperature’Q3with a relative
humidity (RH) between 10 and 15% (unadjusted) wadisd in order to determine its shelf life
at 4°C using the FDA recommended accelerated agimogocol (ASTM F1980-07). The
antibiofilm-antimicrobial activity of DispersinBwound gel was determined using a standard
biofilm dispersal assay againsE. epidermidis as described in the Section 11.2.
DispersinB’/Triclosan wound gel killed more than 80%%fepidermididiofilm embedded cells

after 15 weeks of storage at room temperature atidig the shelf life at 4°C for at least a year
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(Fig. 36). Further formulation development work is in pregs to increase the shelf life of
DispersinB’/Triclosan gel.

Fig. 36: Accelerated aging of Dispersin®Triclosan wound gel at room temperature (14

weeks of storage at 23°C= 1 year shelf life at 4°C)
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14. Desirable Features
a) Activity: (i) specific to biofilms, inhibits as well as gsrses biofilms, (ii) inhibition
and/or dispersal of biofilms using only micro-qutes, (iii) effective against both gram-
negative and gram-positive bacteria, (iv) enhanttes performance of antibiotics,
antiseptics, non-antibiotics, detergents and bagtkage

b) Compatibility with biological fluids active in presence of human urine and human blood

plasma.

c) Stabilty. (i) stable at room temperature when coated ocosié catheters after 52 weeks,
(i) stable at mammalian body temperature as detratesl byin vivo efficacy studies in
rabbits and sheep, and (iii) stable in rabbit pasnd bovine serum as demonstrated by
in vitro durability studies

d) Haemolysis (i) no haemolytic activity was observed at a @ntcation as high as 2
mg/ml in rabbit blood, and (ii) no haemolytic adyvwas observed at a concentration as

high as 1 mg/ml in human blood
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e) Toxicity: (i) a naturally occurring enzyme produced by ohéhe oral bacteria present in
the human mouth, (i) non-cytotoxic as demonstrdigdanin vitro cytotoxicity study,
and (iii) no toxic or other adverse effects wereated in animal studies

f) ResistanceA naturally occurring enzyme and therefore isikely to pose any safety or

bacterial resistance concerns

15. Applications
DispersinB could be used alone or in combination with antistital agents for:

a) Medical devices, including: urinary catheters, cantenous catheters, cerebrospinal fluid
shunts, peritoneal dialysis catheters, vasculaftgyr@ndotracheal tubes, intraocular
lenses, prosthetic cardiac valves, cardiac pacersaénd prosthetic joints.

b) Wound care products

c) Oral care products

d) Animal health care products

e) Cystic fibrosis
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