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DISPERSINE™ ENZYME-BASED ANTIBIOFILM COMPOSITIONS AND
USES THEREOV

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. provisional application no. 60/829,420, filed
on October 13, 2006, 11.S. provisional application no. 60/870,762, filed December 19, 2006,
U.S. provisional application no. 60/890,320, filed February 16, 2007, U.S. provisional
application no. 6(/945,474, filed June 21, 2007, U.S. provisional application no. 60/950,416,
filed July 18, 2007 and U.S. provisional application no. 60/969,355, {iled August 31, 2007.

Field of the Invention

The present invention relates to antibiofilm cnzyme DispersinB™-based antimicrobial
compositions that inhibit growth and proliferation of biolilm-embedded microorganisms, and

methods of administering the compositions.

Background

From a microbiological perspective, the primary function of normal, intact skin is to
control microbial populations that live on the skin surface and to prevent underlying tissue |
from becoming colonized and invaded by potential pathogens. Exposure of subcutaneous
tissue (i.c. a woungd) provides a moist, warm and nutritious environment that is conducive to

microbial colonization and proliferation.

Since wound colonization is mostly polymicrobial, involving numcrous
microorganisms that are potentially pathogcnic, any wound is at some risk of becoming
infected. In the event of an infection a wound (ails to heal, the paticnt suffers increascd
trauma as well as increascd tréulmcnt costs. General wound management practices become |
more resource demanding. Wounds are an enormous problem worldwide. Approximately 1%
of the world’s population suffers a venous leg ulcer (Ruckley, 1997. Angiology, 48: 67-69).
Fricdberg ct al. estimated the annual cost for dealing with venous leg ulecrs in 192 palients to
be $1.26 million (Friedberg et al., 2002. J. Wound. Ostomy. Continence. Nurs. 29: 186-192).
This equals 6.5 billion of direct wound care cost for every 1 million venous leg ulcer patients.

Pressurc ulcers arc a common and expensive wound care problem in acute care, nursing
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homes and home care populations. For decubitus ulcer, Stausberg et al. (2005) demonstrated
1% incidence rate along with a 3% prevalence rate for hospital patients (Stausberg et al
2005. Adv. Skin Wound. Care, 18: 140-145). Bennctt et al. found that the management of
decubitus ulcers costs approximately 3-4 billion dollars annually in the United Kingdom,
which is over 4% of the total Nalional Health Service expenditure in the United Kingdom
(Bennctt et al., 2004. Ageing, 33: 230-235), In the United States, diabetic foot ulcers in 2004
consumed approximately 10 billion dollars in dircct cost (approximately 4% of the iotal
personal health spending of the United States) and another $5 billion in indirect cost
(disability, nursing homes, ctc.). Diabetic foot ulcers caused over 100,000 major diabetic
limb amputations, The cost for cach amputation when factoring in associated costs was
$100,000 in 2005, resulting in $10 billion in direct cost (Heyncman and Lawless-Liday,
2002. Critical Care Nurse, 22: 52-60). Wounds are becoming an increascd portion of the cost

ol the healthcare system.

Thus, concern among health care practitioners regarding the risk ol wound infection is
justifiable not only in terms of increased trauma to the patient but also in view of its burden
on linancial resources and the increasing requirement for cost-cffective management within
the health care system. Most wound infections are caused by Staphiylococcus aureus (20%),
Staphylococcus epidermidis (18%), Enterococci spp. (12%), Escherichia coli (8%),
Pseudomonas acruginosa (8%), Enterobacter spp. (7%), Proteus spp. (3%), Kicbsiella
pneumoniae (3%), Streptococci (3%) and Candida albicans (3%) (CDC Report on common

bactcrial specics associated with wound infections, 1996).

In recent years, there have been numerous efforts to use antibiotics and antimicrobials
for the treatment of non-healing, clinically infected wounds. These antimicrobial agents arc
of varying chemical composition and can include peptides (Zaleski et al., 2006, Antimicrob.
Agents Chemother., 50: 3856-3860), antiseplics (US patent No. 6.700,032), antibiotics
(Rothstein, ct al., 2006, Antimicrob. Agents Chemother. 50: 3658-3664; Rittenhouse, et al.,
2006, Antimicrob. Agents Chemother. 50: 3886-3888), silver ions/compounds (US patent
appl. pub. no. 2005/0035327), chitosan (US patent appl. pub. no. 2006/0210613; US patent
no. 6,998,509), nitrofurazone (Munster, ‘1984, J. Trauma 24: 524-525), bismuth thiols
(Domenico, et al., 2000, Infect. Med, 17: 123-127), and xylitol (WO 2005/058381).

There have been various attempts by others to crcate wound care devices such as

dressings or bandages, gels and ointmcnts comprising antimicrobial agents. For example,
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U.S. Patent No. 3,930,000 discloses the use of a stlver zine allantoinate cream for killing
bacteria and fungi associated with burmn wounds. Another example is silver sulfadiazine
(STLVA-DINE®), which has been shown to be elfective when tested in vitro against 50
strains of methicillin resistant S. aurens (MRSA). Numcrous products are commercially
available with different trade names that employ silver as antimicrobial agents such as

STERIPURE®, AM.Y., ACTICOAT™, ACTISORB?, and SILVERLON®,

U.S. Patent No. 7,091,336 tcaches the process of making a gcl containing gellan gum
that increases in viscosity oncc applied to the wound to form an immobile gel. One cxample
of a commercially available wound gel is INTRASITE®, contains carboxymethyl cellulose as
a main ingredient, U.S. patent No. 6,700,032 discloses the application of triclosan in wound
dressing fabricated from a natural or synthetic film-forming matcrial, such as hydrophobic
polymeric membrane. DeBusk and Alleman disclose a wound dressing that has been inlused
wilh a suspension of starch hydrolysate containing collagen and a-tocopherol acetate (U.S.
patent appl. Pub. No, 2004/0001878). Wounds, in particular those occurring in the skin as
second and third degree bums, stasis ulcers, tropic lesions, such as decubitus ulcers, severe
cuts and abrasions that are commonly resistant to the natural healing process, may be treated
with the infused dressing. Progress has becn made on developing wound care devices, but
each of the wound etiologies arc increasing at dotble digit rates annually, causing the number
of wounds to double every 4-5 years (Drosou et al., 2003, Wounds, 15:149-166).

Wounds often have multiple barriers to healing. Wound healing and infection is
influcnced by the relationship between the ability of bacteria to creatc a stable, prosperous
community within 2 wound environment and the ability of the host to control the bactenial
community. Since bacteria are rapidly able (o form their own protective microenvironment
(biofilm) following their attachment to a surface, the ability of the host to control these
organisms is likely 10 decrcusc as the biofilm community matures. Within a stable biofilm
community, interactions between aerobic and anaerobic bacteria are likely to increase their
net pathogenic effect, enhancing their potential to cause infection and delay healing. Over the
last few years, some have linked biofilm to chronic wounds (Mertz, 2003, Wounds, 15: 1-9).
Microscopic evaluation of chronic wounds showed well organized biofilm with extracellular
polymeric substance adhered around colony bactcria in at least 60% of the chronic wounds
(Mertz, 2003, Wounds, 15: 1-9).
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In addition to a direct cffect on wound healing by the production of destructive
enzymes and toxins, mixed communitics of microorganisms may also indirectly affect
healing by promoting a chronic inflammatory statc. Prolonged cxposure to bacteria within a
chronic wound leads to a prolonged inflammatory response, resuliting in the relcase of free
radicals and numerous lytic enzymes that could have a detrimental effect on cellular
processes involved in wound healing. Proteinases released from a number of bacteria,
particularly Pseudomonas aeruginosa, are known to affect growth faclors and many other
tissue proteing that are necessary for the wound healing process (Steed ct al., 1996, J. Am.
Coll. Surg, 183: 61-64; Travis et al., 1995, Trends Microbiol. 3: 405-407). The increased
production of cxudates that often accompanics increased microbial load has been associated
with the degradation of growth factors and matrix mctalloproteinases (MMPs), which
subsequently affect cell prolifcration and wound healing (Falanga et al., 1994, J fnvest
Dermatol 1: 125-127).

Dental plaque is a host-associated biefilm that adheres to the tooth surface both above
and below the gingival margin. Dehtal plaque consists mainly of microorganisms with a
small number of epithelial cells, leukocytes, and macrophages in an intracellular matrix. It
has been postulated that there are approximately 300 to 400 different bacterial species in
dental plaque (Moore, 1987, J. Periodont. Res. 22: 335-341). Pcriodontal disease comprises
a collection of inflammatory conditions of the periodontium (gingiva, penodontal ligament,
cementum, and alveolar bone) due to a chronic bacterial infection, i.e., dental plaque. Over
90% of the population of the United Statcs is allected by periodontal disease (Brown et al.,
1996, .J. Dent. Res. 75: 672-G83).

In addition to peridontal discases, other conditions/discascs caused by biofilms
include cystic fibrosis, pncumonia, native valve endocarditis and otilis media {Costerton et al.
Science 1999 284:1318-1322). Biofilm is also implicated in the infection of various medical
devices such as urinary cathelers, mechanical heart valves, cardiac pacemakers, prosthetic
joints, and contact lenscs (Donian, R.M. 2001 Emerging Infect. Dis. 7:277-281). For
example, urinary tract infection (UTT) is the most common hospital-acquired infection,
accounting for up to 40% of all nosocomial infections. The majority of cases of UTls are
associated with the use of uninary catheters, including trans-urcthral foley, suprapubic, and
nephrostomy catheters. These urinary catheters are inscrted in a vanety of populatiops,

including the elderly, stroke victims, spinal cord-injured patients, post-operative patients and
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those with obstructive uropathy. Despite adherence to sterile guidelines for the insertion and
maintenance of urinary catheters, catheter-associated UTls continue Lo pose a major problem.
For instance, it is estimaled that almost one-quarter of hospilalized spinal cord-injured

patients develop symptomatic UT s during their hospital course. Gram-negative bacilli

account for almost 60-70%, Enterococci for about 25%, and Candida species for about 10%

of cases of catheter-associated UTIL.

Furthermore, indwelling medical devices including vascular catheters are becoming
esscntial in the management of bospitalized patients by providing venous access. The benefit
derived from these catheters as well as other types of medical devices such as peritoneal
catheters, cardiovascular devices, orthopedic implants, and other prosthetic devices is often
offset by infectious complications. The most common organisms causing these infectious
complications are Staphylococcus epidermidis and Staphylococcus aureus. In the case of
vascular catheters, these two organisms account for almost 70-80% of all infectious
organisms, with Staphylococcus epidermidis being the most common organism. Fungi also
form bionlms of clinical significance. Candida albicans, a fungal agent, accounts for 10-

15% of catheter infections.

Bacteria and fungi growing in biofilms cxhibit increased resistance to antimicrobial
agents and are nearly impossible to eradicate using known techniques. The present invention
teaches applications of an antibiofilm enzyme DispersinB™ -based antimicrobial
composition in devices, methods for preparing such devices, and methods of treating wounds
and oral infections.

Summary of the Invention

In one embodiment, the present invention provides a composition for preventing
and/or inhibiting growth or proliferation of biofilm-embedded microorganisms comprising:
(a) a first compound comprising DispersinB™, an active fragment or variant thereof that
disperses a biofilm; and (b) a second compound comprising an antimicrobial agent active

against bacteria or fungi.

In an embodiment, DspR is in a concentration of about 5 to about 500 pg/ml. In
another embodiment, DspB is in a concentration of about 10 to about 250 pg/ml. In another

embodiment, DispersinB '™ is in a concentration of about 25 ng/ml to about 100 ug/ml.



10

I5

20

25

30

WO 2008/043175 PCT/CA2007/001807

In another embodiment, an antimicrobial agent can include triclosan, antibiotics
{such as rifampicin, cefamandole nafate and ciprofloxacin), nitrofurazone, bismuth-thiols
[such as bismuth ethancdithiol (BisEDT)] , chitosan, epigallocatechin gallate (EGCG),
sodium usnate, antineoplastic agents (such as 5-(luorouracil), detergents (such as SDS,
benzalkonium chloride), chlorhexidine, chelating agents (such as EDTA), silver compounds,
bacteriophage, antimicrobial cnzymes (such as glucose oxidase and lactoperoxidase), sugar
alcohols (such as xytlitol), malcimides [such as N,N-(1,2 phenylene) dimaleimide (0PDM) and
N-(1-pyrenyl) maleimide (PyrM)], cadexomer iodine, methylene bhie, gentian violet, or

medium chain dextrans (such as honey).

In a further embodiment, an antimicrobial agent can include triclosan, and can be in a
concentration of about 0.1 pg /mi to about 50 mg/ml. [v another cmbodiment, the
concentration is about 0.2 ug /m! to about 25 mg/ml and in a still further embodiment, the

concentration is about 0.325 pg/ml to about 10 mg/ml.

In yet another ¢mbodiment, an antimicrobial agent can include, but is not limited to,
(i) rifampicin in a concentration of about 0.1 to about 1000 pg/ml, preferably about 1 to about
100, and more preferably about 10 to about 50 pg/ml; (ii) cefamandole nafate in a
concentration of about 0.01 to about 10 ug/ml, preferably about 0.05 to about 5 pg/ml, and
more 0.1 to about 2 pg/ml. (ili) nitrolurazone in a concentration of about 0.01 to about 1
mg/ml, preferably about 0.1 to about 1 mg/ml, and more prelerably about 0.5 to about 1
mg/ml; (iv) bismuth ethanedithio} (BisEDT) in a conccntration of about 0,01 to about 5 mM,
preferably about 0.1 to about 2 mM, and more prelerably about 1 mM, (v) ciprofloxacin in a
concentration of about 0.01 to about 1.0 mg/mi; preferably about 0.05 to aboutl 0.5 mg/ml and
more prefeeably abouat 0.1 mg/ml; (vi) epigallocatechin gallate in a concentration of about 10
to about 100 pg/ml, preferably about 25 to about 50 pg/ml, or more preferably about 50
pg/ml; (vii) sodiom usnate in a concentration of about 10 to about 750 pg/mi, preferably
about 100 to about 500 gg/ml or more preferably 200 to about 400 pg/ml; (vii) ovotransfernin
in a concentration of about 10 to about 1000 mg/ml, preferably about 25 to about 500 mg/ml
or morc preferably about 50 10 about 200 mg/ml; (ix) sodium doceyl sulfale ina
concentration of aboul 0.01 to about 100 mg/mi, more preferably about 0.05 mg/ml to about
50 mg/ml and more preferably about 0.1 mg/ml to about 10 mg/m!; (x) 5-fluorouracil in a
concentration of about 1 10 about 1000 ug/ml, preferably about 10 to about 500 pg/ml and

more preferably about 25 to 100 pg/ml; (ki) chlorhexidine in a concentration of about 0.01

6
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ug/ml to about 100 ug/mi, preferably about 0.1 pg/ml to about 10 ug/ml, and more preferably
about 1 pg/ml to about 5 pug/ml; (xit) benzalkonium chloride 0.01 pg/mi to about 100 pg/ml,
preferably about 0.1 pug/ml to about 10 pg/ml, and more preferably about 1 pg/mi lo about 5
pg/ml; (xi1i) EDTA in a concentration of about | to about 1000 ug/ml, preferably about 10 to
about 100 ug/ml and more preferably aboul 25 to about 50 pg/ml; or (xv) silver nanopowder
in a concentration of 0.01 pg/ml to about 100 ug/ml, preferably about 0.1 pg/mil to about 10
pg/mi, and more preferably about 1 yg/ml to about 5 pg/ml.

An embodiment of the invention includes a method of inhibiting biofilm-embedded
microorganisms comprising acdministering an effective amount of DispersinB™, an active
fragmeunt, or variant thereof that disperses a biofilm; and an cffective amount of an

antimicrobial agent or 4 mixture of an antimicrobial agent.

In another embodiment, the 'DiSpcrsinBTM, an active fragment, or variant thereof is
administered prior to administration of the untimicrobial agent and the antimicrobial agent is

sodium doceyl sulfate, chlorhexidine, or benzalkonivm chioride.

An embodiment of the invention includes a method of treating an infection by
administering a composition comprising (a) DispersinB™, a DispersinB™ fragment, or

varant thereof; and (b) an antimicrobial agent or a mixture of an anlimicrobial agent.

In yet another embodiment, a DispersinB'-based antimicrobial composition can treat
various kinds of wounds, including, but not limited to, cutaneous abscess, surgical wounds,
sutured tacerations, contaminated lacerations, burn wounds such as partial and fulf thickness
bums, decubitus ulcers, stasis ulcers, leg ulcers, foot ulcers, venous uleers, diabetic ulcers,

ischemic ulcers, and pressure ulcers.

In another embodiment, a Disper,sinBTM-based antimicrobial composition can treat an
oral infection. Oral infections include microorganisms in the subgingival and supragingival
plaque. Subgingival plaque comprising microorganisms can cause periodontal disease. The
compositions of the present invention can be used in the trcatment of periodonlal disease.
The compositions of the present invention can be used in the treatment of localized juvenile

periodontitis.

Biofilm microorganisms can be bacteria, such as gram-negative Escherichia coli,

Proteus mirabilis, Klebsiella pneumoniae, Bacteroides spp., Porphyromonas spp., Prevotella
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spp., Fusobacterium nuclearum, Aggregatibacter actinomycetemcomitans (foumerly
Actinobacillus actinomycetemcomitans), Treponema denticola, or Pseudomonas aeruginosa,

and gram-positive Enterococcus fuecalis, Enterococcus cloacae, Vancomycin Resistant

Enterococci (VRE), Streptococcus spp. Peplostreptococceus spp., Staphylococcus epidermidis,

or Staphylococcus aureus. Furthermore, a wound-associated microorganism can be fungi,

such as Candida albicans.

One embodiment of the present invention includes providing methods of using a
DispersinB™ -based composition or compositions in wound care devices such as non-
resorbable gauze/sponge dressing, hydrophilic wound dressing, occlusive wound dressing,
hydroge! wound, and burn dressing. The present invention also includes usc of a spray-
applicator containing a DispersinB™ -based antimicrobial composition as a wound care
device. Another cmbodiment of the invention includes a wound carc device comptising a

DispersinB™ based composition or compositions.

An additional aspect of the prescnt invention includes wound care ointments, gels,
and lotions comprising DispersinB™ and an antimicrobial agent. An embodiment of the
present invention also includes wound carc sutures coated with DispcrsinBTM and an

antimicrobial agent.

Furthermore, a composition can comprise binders, wetting agents, odot absorbing
agents, levelling agents, adherents, thickencrs, and the like, Other additives may be present
on and/or within a fabric of bandage including antistatic agents, optical brightening
compounds, opacificrs (¢.g., titantum dioxidc), nucleating agents, antioxidants, UV
stabilizers, fillers, penmanent press finishes, softencrs, lubricants, curing accelerators,

adhesives, and the like.

In another embodiment, the present invention includes wound gel compositions for:
(a) DispersinB™ antimicrobial wound gel with a viscosity improving agent; and (b)
Triclosan-DispersinB™ antimicrobial wound gel with a viscosity improving agent. A

BTM

DispersinB™ or Triclosan-DispersinB™ wound gei can include DispersinB'™, an active

fragment or variani thereof,

in another embodiment, an antimicrobial agent can include, but is not limiied to,

triclosan, antibiotics (such as rifampicin, cefamandole nafate and ciprofloxacin)
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nitrofurazone, bismuth-thiols [such as bismuth ethanedithiol (BisEDT)], chitosan,
Epigallocatechin gallate (EGCGQ), sodium usnale. antincoplashic agents (such as 5-
fluorouracil), detergents (such as SDS, benzalkonium chloridc), chlorhexidine, chelating
agents (such as EDTA), silver compounds, bacteriophage, antimicrobial enzymes (such as
glucose oxidase and lactoperoxidase), sugar alcohols (such as xylitol), maleimides [such as
N.N-(1,2 phenylene) dimaleimide (oPDM) and N-(1-pyrenyl) maleimide (PyrM)], cadexomer
iodine, methylene blue, gentian violel, medium chain dextrans (such as honey), and mixtures

thereof can be used in combination with DispcrsinBTM.

fn a further embodiment, a Triclosan-DispersinB' ™ wound gel comprises ol about 1
to about 10% triclosan, preferably of about 5 to about 10% triclosan and more preferably,
about 1% triclosan. In a further embodiment, a DispersinB'* wound get and a Triclosan-
DispersinB™ wound gel can optionally further comprise 4 gelling agent and/or a viscosity

inercasing agent.

'l"ricIosan—.l)ispersian wound gel can be prepared in polycthylene glycol
(PEG)/cthanol. PEG of different molecular weights ranging from about 200 to about 511,000
can be used in a gel formulation. In an embodiment, a Triclosan-DispersinB™ wound gel is

prepared in 10% PEG-400/10% ethanol.

In a further embodiment, gelling agents in a wound gel include, but arc not limited to,
gums, polysaccharides, alginates, synthetic polymeric compounds, natural polymcric

compounds, and mixtures thereol.

DispersinB"™-based antimicrobial wound gels of the present invention can be used to
inhibit the proliferation of biofilm-embedded gram-negative and gram-positive bactena,
which include, but are not limited to, Escherichia coli, Proteus mirahilis, Klebsiella
pneumoniac, Pseudomonas aeruginosa, Klebsiella oxytoca, Providentia sturtii, Serratia
marcescens, Enterococcus faecalis, Vancomycin Resistant Enterococci (YRE),
Peptostreptococcus spp., Corynebacterium spp., Clostridium spp., Bacteriodes spp.,
Prevoiella spp., Streplococeus pyogenes, Streplococcus viridans, Micrococeus spp., Bela-
hemolytic streptococcus (group C), Beta-hemolytic streptococcus (group B), Bacillus spp.,
Porphyromonas spp., Enterobacter cloacue, S epidermidis, S. aureus, Staphylococcus

agalactie, and Staphylococcus saprophyticus.

9
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Additionally, DispersinB™ based antimicrobial compositions of the invention can
also be used to inhibit proliferation of biofilm-c;bedded fungi, such as Candida alhicans,

Candida parapsilosis, and Candida utilis.

In one embodiment, a DispersinB'™ -based antimicrobial wound gel can be used for
treating wounds including, but is not limitcd to, a cutaneous abscess, surgical wound, suturcd
laceration, contaminated laccration, blister wound, soft tissue wound, partial thickness bum,
full thickness burn, decubitus ulcer, stasis ulcer, foot ulcer, venous ulcer, diabetic ulcer,

ischemic ulcer, pressure ulcer, or combinations thereof.

Another embodiment, the present invention provides a method of preparning a device
comprising treating at least one surlace of the device with a composition as herein described.
For example, the composition can be incorporated into polymers, wherein said polymers arc
used to form the device. Another aspect of the present invention is a method of preparing a
device comprising coating the composition as herein described onto the inner and/or outer

surface of a device.

1n another embodiment, the DispcrsinBTM is about 0.1 to about 500 pg/ml of the
composition, preferably about 1 to about 350 pg/m! of the composition or more preferably
about 10 toabout 100 pg/ml of the composition. In yct another embodiment, the
antimicrobial agént is triclosan, rifampicin, cefamandole nafate, nitrofurazone, ciprofloxacin,
minocycline, gentamycin, silver compounds, chiorthexidine, 5-fluorouracil or a
bisphosphonate, preferably rifampicin, ccfamendole nafate, nitrofurazone, or triclosan, more
preferably triclosan. In onc cmbodiment, the triclosan is in a concentration of about 0.01
toabout 100 mg/ml of the composition, preferably about 0.1 to about 100 mg/ml of the
composition or more preferably about 1 toabout 100 mg/ml of the compesition. Tn another
embodiment, the antibacterial agent is rifampicin in a concentration of about 10 to about
1000 pg/m| of the composition, preferably about 100 to about 1000 pg/ml of the composition
or more preferably about 10 toabout 100 pg/m! of the composition. In another embodiment,
the antibacterial agent is ccfamandole nafate in a concentration of about 0.05 to5 pg/ml of
the composition, preferably about 0.5 Lo about 5 pg/ml of the composition, or more
preferably, about 1 to about 5 pg/ml of the composition. In another cmbodiment, the

antibacterial agent is nitrofurazonc in a concentration of about 0.01 to about 1 mg/ml of the
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composition, preferably about 0.1 to about 1 mg/ml of the composition, and more preferably
about 0.5 to about 1 mg/ml of the composition. [n onc cmbodiment of the present invention,
the composition comprises effective awounts of DispersinB™ and triclosan. In another
embodiment of the present invention, the composition comprises effective amounts of
DispersinB™ and rifampicin. In yet another embodiment of the present invention, the
composition comprises effective amounts of DispersinB™ and cefamandole nafate. In yet
another embodiment of the present invention, the composition comprises effective amounts

"™ and nitrofurazone.

of DispersinB
In one aspecl of the present invention, the device is a medical device, such as a
catheter, for example, an indwelling catheter such as a central venous catheter, a peripheral
intravenous catheler, an arterial catheter, a peritoneal catheter, a haemodialysis catheter, an
umbilical catheter, precutaneous nontunncled silicone catheter, a cuffed tunneled central
venous catheter, an endotracheal lube, a subcutancous central venous port, urinary catheter, a

pcritoneal catheter, a peripheral intravenous catheter or a central venous cathcter,

Tn another cmbodiment of the present invention, the medical devices are catheters,
pacemakers, prosthetic heart valves, prosthetic joints, voice prostheses, contact lenses, a
shunt, heart valve, penile implant, small or temporary joint replacement, urinary dilator,

cannula, elastomer, or intrautcrine devices,

In another emboadiment of the prescnt invention, the device is a catheter lock, a
needle, a Leur-Lok™ connector, a needleless connector, a clamp, a forcep, a scissor, a skin
hook, a tubing, a ncedle, a retractor, a scaler, a drill, a chiscl, a rasp, a surgical instrument, a
dental instrument, a lube, an intravenous tube, a breathing tube, a dental water line, a dental

drain tube, a feeding tubc, a bandage, a wound dressing, an orthopedic implant, or 4 saw.

Aunother embodiment of the prescnt invention is a method of preparing a device

comprising coating a composition herein described onto at least one surface of the device.

Another embodiment of the present invention is & device coated, impregnated, or
treated with a composition as herein described, for example, a medical device such as a
catheter, for cxample an indwelling catheter such as a central venous catheter, a peripheral

intravenous catheter, an artcrial catheter, a peritoncal catheter, a haemodialysis catheter, an
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umbilical catheter, precutaneous nontunneled silicone catheter, a cuffed tunueled central
venous catheter, an endotrachcal tube, a urinary catheter, a peritoncal catheter, a peripheral

intravenous catheter and central venous catheter or a2 subcutancous central venous port.

A device may also be catheters, pacemakers, prosthetic heart valves, prosthetic joints,
voice prostheses, conlact lenses, a stunt, heart valve, penile implant, small or temporary joint
replacement, urinary dilator, cannula, elastomer, intrauterine devices, catheter lock, a needle,
a Leur-Lok® connector, a necdlcless connector, a clamp, a forcep, a scissor, a skin hook, a
tubing, a needle, a retractor, a scaler, a drill, a chisel, a rasp, a surgical instrument, a dental
instrument, 4 tube, an intravenous tube, a breathing tube, a dental water ling, a dental drain

tube, a fceding tube, a bandage, a wound dressing, an orthopedic implant, or a saw.

Another embodiment of the present invention is a method of preventing device or
catheter-related infection in a mammal, said method comprising coating, incorporating, or
treating a device or catheter to be implanted with a composition as herein described. Another
embodiment of the present invention is a method of preventing an infection caused by a
device or catheter in a mammal, said method comprising coating, incorporating or lreating

the device or catheter with a composition as herein described.

Another embodiment of the present invention is the use of a composition as herein
described in the preparation of a medical device for implantation in 2 mammal. Tn one
embodiment, a medical device may be coaled, incorporated, or treated with a composition. In
another embodiment, the composition may prevent urinary tract infection. Another aspect of
the present invention is the use wherein the composition prevents urinary or vascular

infection.

In another ecmbodiment, the present invention provides a composition for inhibiting
biofilm-embedded microorganisms comprising: (a) DispersinB™, an active fragment or
vatiant thereof that disperses a biofilm; and (b) a bactcriophage. The composition can
comprise about 10% bacteriophage. The bacteriophage can comprise morc than one species of

bacteriophage.

In another embodiment, the present invention provides a composition for inhibiting

biofilm-cmbedded microorganisms comprising a recombinant bacteriophage, wherein the
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recombinant bacteriophage displays DispersinB™.  The displayed DispersinB™ can be
fused to a phage coat protein. The DispcrsinB™ can be fused to the major coat protein or the
minor coat protcin. In another embodiment, the present invention provides a [usion protein

comprising at least a portion of a phage coat protein bonded to Dispersing ™.

Brief Description of the Figures

Figure | is a bar graph showing the effect of DispersinB™ on Escherichia coli,
Staphylococcus epidermidis and Staphylococeus aurcus biofilm formation. All three bacterial

strains were grown separately in a media without DispersinB™ as a negative control.

Figurc 2 shows the effect of DispersinB™ in polystyrcne tubes on S. epidermidis

biofilm dispersal.

Figure 3 is bar graph showing an enhanced inhibitory effect of a DispersinB ™ and
Triclosan (TCSN) combination on S. epidermidis biofilm formation. Planktonic (r1) and
biofilm (m) S. epidermidis growth was measured in media with no anlimicrobials (control),
DispersinB™ (25, 50, and 100 ng/ml), TCSN (25, 50, and 100 ug/ml), and the combination
of DispersioB™ (25, 50, or 100 ng/mi) and TCSN (25, 50, and 100 pg/ml).

Figure 4 is bar graph showing an ephanced effect of DispersinB™ on the sensitivity
of biofilm-embedded S. epidermidis to rifampicin. §. epidermis growth was measured in
media with no antimicrobials (control), DispersinB™ (20 pg/ml), rifampicin (100 pg/ml),

and a combination of DispersinB™ (20 pg/ml) and rifampicin (100 pg/mi).

Figure 5 is bar graph showing an enhanced cffect of DispersinB ™on the sensitivity of
biofilm-cmbedded S. epidermidis to cefamandole nafate. S. epidermidis growth was

BTM

measured in media with no antimicrobials (control), Dispersin (20 pg/ml), cefamandole

nafate (0.1 ug/ml), and a combination of DispersinB™ (20 pg/ml) and cefamandole nafate

(0.1 pg/mi).

B™on the sensitivity

Figure 6 is bar graph showings an enhanced eflect of Dispersin
of bioRlm-cmbedded S. epidermidis to nitrofurazone. S. epidermis growth was measured in
media with no antimicrobials (control), Dispersin3'™ (20 pg/ml), nitrofurazone (25 py/ml),

and a combination of Dispc:rsinBTM (20 pg/ml) and nitrofurazone (25 pg/ml).
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FFigure 7 is bar graph showing an enhanced effect of DispersinBTMon the sensitivity of
biofAlm-embedded . epidermidis to bismuth ethanedithiol (BisEDT). 5. epidermidis arowth
was mcasured in media with no antimicrobials (control), DispersinB™ (20 ug/ml), BisEDT

(0.5 mM), and a combination of DispersinB"™ (20 ug/ml) and BisEDT (0.5 mM).

Figure 8 is bar graph showing an enhanced effect of DispersmB™on the sensitivity of
biofilm-embedded S. epidermidis to ciprofloxacin (CF). S. epidermidis growth was measured
in media with no antimicrohals (control), DispersinBTM(_ZO pg/ml), CF (200 pg/ml), and a
combination of DispersinB™ (20 pg/ml) and CF (200 pg /ml).

Figure U is a bar graph showing an enhanced effect of Dispersin[-lT M on the sensitivity
of biofilm-embedded S. epidermidis to lactoferrin (Lf). S. epidermis growth was mcasured in
media with no antimicrobials (control), DispersinB"™ (20 pg/ml), L (5 mg/ml), and a

combination of DispcrsinBTM (20 pg/ml) and LI (5 mg/ml).

Figure 10 is bar graph showing an enhanced effect of DispersinB™ on the sensitivity
of biofilm-embedded S. epidermicdis to conalbumin/ovotransferrin (OT). S. epidermis growth
was measured in media with no antimicrobials (control), DispersinB™ (20 pg/ml), O (10
mg/ml), and a combination of DispersinBTM (20 pug/ml) and OT (10 mg/ml).

Figure 11 is bar graph showing an enhanced cffect of DispersinB™ on the sensitivity
of biofilm-embedded §. epidermidis to gallium (lil) nitratc. S. epidermis growth was
measured in media with no antimicrobials (control), DispersinB™ (20 gg/ml), gallium (11I)
nitrate (5 mg/ml), and a combination of DispersinB™ (20 pg/ml) and gallium (111) nitrate (5

mg/ml).

B™an the sensitivity

Figure 12 is bar graph showing an enhanced effect of Dispersin
of biofilm-embedded $. epidermidis 1o chitosan. S. epidermidis growth was measured in
media with no antimicrobials (control), DispersinB™ (20 pg/ml), chitosan (2 mg/ml), and a

combination of DispeminBTM (20 pg/ml) and chitosan (2 mg/ml).

Figure 13 is bar graph showing an effect of Dispersin3'™and Epigallocatechin gallate
(EGCG) alone and in combination on S. epidermidis biofilm formation. S. epidermidis
growth was measured in media with no antimicrobials (control), DispersinB™ (50 pg/ml),
EGCG (100 ng/mi), and 2 combination of DispersinB™ (50 pg/m1) and EGCG (100 ng/ml).
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Figure 14 is bar graph showing an effect of DispersinB'™ and Epigallocatechin gallate
(EGCQ) aione and in combination on S. aureus biofilm formation. S. cureus growth was
measured in conditions of no antimicrobials (control), DispersinB™ (50 pg/ml), EGCG (100
ng/mt), and a combination of DispersinB"™ (50 pg/m1) and EGCG (100 ng/mi).

Figure 15 is bar graph showing an effcct of DispersinB™nd triclosan alone and in
combination on biofilm-embedded S. epidermidis, S. epidermidis growth wus measured in
media with no anlimicrobials (control), DispersinB™ (20 pg/m)), triclosan (1 mg/ml), and a
combination of DispersinB™(20 pg/ml) and EGCG (1 mg /ml).

Figurc 16 is bar graph showing an effect of DispersinB™and sodium (Na) usnate
alone and in combination on biofilm-embedded §. epidermidis. S. epidermidis growth was
measured in media with no antimicrobials (control), DispersinB'™ (50 pg/ml), Na usnate

(500 ug/ml), and a combination of DispersinB™(50 ug/ml) and Na usnatc (500 ug/ml).
! b g

Figure 17 is bar graph showing an enhanced inhibitory effect of DispersinB™ and
Triclosan (TCSN) combination on coagulase-negative Staphylococci (CNS) biofilm
formation. Planktonic (O) and biofilm growth (w) were measured in media with no
antimicrobials (control), DispersinB™ (25, 50, and 100 ng/ml), TCSN (0.325, 0.625, and
1.25 pg/ml), and 2 combination of DispersinB ™ (25, 50, and 100 ng/ml) and TCSN (.325,
0.625, and 1.25 pug/ml).

Figure 18 is bar graph showing enhanced effect of DispersinB™on the sensitivity of
biofilm-embedded S. epidermidis to 5-fluorouracil (5-FU). S. epidermidis growth was
measured in media with no antimicrobials (contral), DispersinB™ (20 pg/ml), 5-FU (100
pg/ml), and a combination ot DispersinB™ (20 pg/ml) and 5-FU (100 pg/ml).

Figure 19 is bar graph showing the increased susceptibility of biofilm-embeddcd S.
epidermidis pretreated with DispersinB 1o killing by sodium dodecyl sulfate (SDS). §.
epidermidis growth was measured in media with no antimicrobials (control), DispersinB™
(20 pg/ml), SDS (0.2 mg/ml), and a combination of DispersinB™ (20 pg/ml) and SDS (0.2
mg/ml).

Figure 20 is bar graph showing the increased susceptibility of biofilm-embedded §.
epidermidis pretreated with DispersinB ™to killing by chlorhexidine (CHX). S. epidermidis
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growth was measured in media with no antimicrobials (control), DispersinB™ (20 ug/m1),
CHX (0.2 pg/ml), and a combination of DispersinB™ (20 pg/ml) and CHX (0.2 pg/ml).

Figure 21 is bar graph showing the increased susceptibility of biofilm-embedded S,
epidermidis pretreated with DispersinB™ to killing by benzalkonium chloride (BKC). S.
epidermidis growth was measured in media with no antimicrobials (control), DispersinB'™

(20 pg/ml), BKC (0.4 pg/mi), and 2 combination of DispersinB™ (20 pg/m1) and BKC (0.4
pg/mi). |

Figure 22 is bar graph showing an enhanced inhibitory effect of DispersinB™ and
EDTA combination on 8. epidermidis biotilm formation. Planktonic (o) and biofilm (w) §.
epidermidis growth was measured in media with no antimicrobials (controi), DispersinB™
(100 ng/ml), EDTA (25 and 50 pg/ml), and combinations of DispersinB'™ (100 ng/mi) and
EDTA (25 or 50 pg/ml).

Figure 23 is bar graph showing the increased susceptibility of biofilm-cmbedded 5.
epidermidis pretrcated with DispersinB'™ to killing by silver nanopowder (SNP). S.
epidermidis growth was measured in media with no antimicrobials (control), Dispersing™
(20 pg/mi), SNP (0.03125 pg/ml), and a combination of DispersinB™ (20 pg/ml) and SNP

(0. 03125 pg/mi).

Figure 24 is line graph showing the increased susceptibility of biofilm-embedded £.
coli csrA luxCIDARE kan' over time to a combination of DispersinB™ and a phage cocktail
of FF3, K20, T7, and U3 (A). Biofilm-embedded £. coli csrd luxCDABE kan' grown in
media without antimicrobials or DispersinB'™ was used as a control (¢}. Biofilm-embedded
E. coli estA luxCIDABE kan' reated with DispersinB™™ only (m) had growth similar Lo the
conirol. Biofilm-embedded E. coli csrA luxCDALRL kan' were individually treated with phage
FF3 (*), K20 (®), T7 (+), and U3 (-). Trealment with (he phage producced a short term
decrease in £, coli metabolic activity, but the £. coli metabolic activity retumed to near
control levels after 4 days. Biofilm-embedded E. coli csrd luxCDABE kan' treated with a
phage cocktail of FF3, K20, T7, and U3 (X) alone produced similar resulis as the trcatments

with the individual phages.

Figure 25 is a schematic diagram of the construction of recombinant A phage for

DispersinB™ display.
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Figure 26 is a schematic diagram of the construction of recombinant X phage for

DispersinB™ display.

Figure 27 is a schematic diagram of the construction of recombinant M13 phage for

DispersinB™ display.

Figure 28 shows the biofilm growth and detachment of A. actinomycetemeomitans
strains CU1000 (wild-type) and HW1018 (PGA mutant) in polystyrene tubes and 96-well
microtitcr platcs. All tubes and microplate wells were stained with crystal violct. Biolilm
formation at 0 h and 24 h in tubes (pancl A) and microplates (panel B). The biofilms on the
right were rinsed with water and treated with SDS (0.1% in PBS) or DispersinB™ (20 pg/mL.
m PBS) for 5 min prior to crystal violct staining. (C) Dctachment of CU1000 biofilms from
microplates by SDS. Wells on the bottom were pre-treated with DispersinB™ for 30 min

prior to the SDS treatment.

Figure 29 15 hine graph showing the detachment of A4, actinomyeetemcomirans strain
CUT000 (wild-typc) biofilms from 96-well microtiter plates by SDS. Biofilms were pre-
treated with PBS (mock pretreatment) or DispersinB™ (20 pg/mL in PBS) for 30 min, and
then treated with increasing concentrations of SDS for 5 min. Biofilins were then rinsed and
stained with crystal violct. We quantitated the amount of bound crystal violet dye, which is
proportional o biofilm biomass, by measuring ils absorbance at 590 nm. Values are the mean

absorbance for duplicate wells. Error bars indicatc range of standard deviation.

Figure 30 is bar graph showing that pre-trcatment of /. aclinomycetemcomilans
CU1000 (wild-type) biofilms with DispersinB™ increased sensitivity to killing by SDS.
Biofilms grown in polystyrene tubes were rinsed with PBS and treated with | mb of PBS
(mock pre-treatment) or DispersinB™ (20 pg/ml. in PBS) for 5 min (black bars) or 30 min
(gray bars), and then treated with PBS (-) or SDS (0.01% in PBS; +) for 5 min. Colony

forming units (CFU) were enumerated by dilution plating. Values indicate the logl0 of the

mean number of CFU per tube for duplicate (ubcs, Error bars indicale range of standard

deviation.

Figure 31 is bar graph showing that pretreatment of 4. actinomycelemcomitans
CU1000 biofilms with DispersinB'™ increases their sensitivity to killing by cetylpyridinium
chloride (CPC). Biofilms grown in polystyrene tubes were rinsed with PBS and trcated for 30
min with PBS (mock pretrcatment) or PBS containing 20 pg/mL of DispersinB™ B, and then
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treatcd for 5 min with 0.02% CPC. CFU were enumcrated by dilution plating, Values indicate
the logl10 of the mean number of CFU/tube for duplicate tubes. Firor bars indicate range of

standard dcviation.

Figure 32 is bar graph showing the effect of DispersinB'™ antimicrobial wound gel on

Staphylococcus epidermidis growth and biofilm formation.

Figure 33 is a bar graph showing the cffect of DispersinB™ antimicrobial wound gel

on Staphylococeus epidermidis biofilm dispersal.

Figure 34 is a bar graph showing the synergistic inhibitory c[fcct of DispersinB™ and

Triclosan (TCSN) combination on Staphylococcus epidermidis biofilm formation.

Figure 35 is a bar graph showing the synergistic inhihitory effect of DispersinB™ and

Triclosan (TCSN) combination coated silicone catheters ou Escherichia coli colonization.

Figure 36 is a bar graph showing the synergistic inhibitory cffcct of DispersinB'™ and
Triclosan (TCSN) combination coated silicone catheters on Stapliylococcus epidermidis

colonization

Figure 37 is a bar graph showing the antibiolilm activity of DispersinB'™and

Triclosan (TCSN) combination-coated cathcters against catheter-associated microorganisms

Figure 38 is a line graph showing the durability of inhibitory activity of DispersinB™

and Triclosan (TCSN) combination-coated polyurethane catheters.

Figure 39 is a line graph showing the durability of inhibitory activity of DispersinB™
and Triclosan (TCSN) combination-coated polyurethane catheters in plasma (tested against

Stuphylococcus epidermidis).

Figure 40 a bar graph showing the durability of inhibitory activity of DispersinB™
and Triclosan (TCSN) combination-coated polyurcthanc catheters in TSB containing 20%

Bovine Serum (tested against Staphylococcus aureus).

Figure 41 is a line graph showing the durability of inhibitory activity of DispersinB™
and Triclosan (TCSN) combination-coated polyurethane catheters in TSB containing 20%

Bovinc Serum (tested against Staphylococcus aureus).
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Figure 42 is a line graph showing the inhibitory activity of DispcrsinB'™ and
Triclosan (TCSN) combination coated sihicone cathethers in synethetic urine (tested against

Staphylococeus aureus).

Figure 43 is a line graph showing the durability of DispersinB ™Mand Triclosan

5 (TCSN) combination coated coated silicon¢ cathethers in synethetic urinc.

Figurc 44 is a bar graph showing the i vivo efficacy of DispersinB™ and Triclosan

(TCSN) combination coated central venous catheters.

Figure 45 is a bar graph showing the effect of DispersinB™ and xylitol alone and in

combination on Staphylococcus epidermidis biofilm formation.

10 Figure 46 is a bar graph showing the effect of DispersinB"™ and glucose oxidase

alonc and in combination on Staphylococcus epidermidis biofilm formation.

Figure 47 is a bar graph showing the cffect of DispersinB™ and N-(1-
pyrenyl)malcimide (PyrM) alone and in combination on Stuphylococcus epidermidis biofilm

formation.

15 Figure 48 is a bar graph showing the effecl of DispersinB '™ and N,N-(1,2
phenylene)dimaleimide (oPDM), alone and in combinalion on Staphylococcus epidermidis

biofilm formation.

Figure 49 is a bar graph showing the antibiofilm activity of DispersinB™ and

ccfamandole nafate (CFN) combination-coated catheters.

20 Figure 50 is a bar graph showing the antibiofilm activity of DispersinB™ and 5-

fluorouracil (FU) combination-coated catheters.

Figure 51 is a bar graph showing the antibiofilm activity of .DispersinBTM and sodium

usnate (SU) combination-coatcd catheters.

Figure 52 is a bar graph showing the antibiofilm activity of DispersinB™ and

25  benzalkonium chioride (BKC) combination-coated catheters.

Figure 53 is a bar graph showing the antibiofilm activity of DispersinB™ and

chitosan combination-coated cathelers.
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Detailed Description
Definitions

The term "active fragment” refers to smaller portions of the DispersinB™ polypeptide

that retains the ability to disperse bacteria or fungi.

The term “antimicrobial” means a compound or a composition that kills or
slows/stops the growth of microorganisms, including, but not Jimited to bacteria and yeasts,
and but not including agents which specifically disperse bacteria or fungi. Some examples of

antimicrobials are triclosan, rifampicin, or ccfamendole nafate.

The term "biofilm embedded microorganisms" refers to any microorganism that forms
a biofilm during colonization and prolifcration on a surface, including, but not limited to,
gram-positive bactetia (v.g., Staphylococeus epidermidis), gram-negative bacteria (e.g.,

Pseudomonas aeruginosa), and/or fungi (e.g., Candida albicans).

The term “biofllm formation” means the attachment of microorganisms to surfaces

and the subsequent development multiplc layers ol eclls.

A "composilion" refers to of this invention can comprisc (a) DispersinB™", an active
fragment or variant thereof that disperses a biofilm; and (b) an antimicrobial agent active
against bacteria or fungi, optionally in combination with a physiologically accepiable carrier,

The composition can Murther comprise an additional antimicrobial agent.

The term "detergent” is used to mean any substance that reduces the surface tension of
water. A detergent may be a surface active agent that concentrates at oil-water interfaces,
cxerts emulsifying action and thereby aids in removing soils ¢.g., common sodium soaps of
fatty acids. A detergent may be anionic, cationic, or monionic depending on their mode of
chemical action. Detergents include linear alkyl sulfonates (LAS) oflen aided by "builders."

A LAS is preferably an alkyl benzene sulfonate ABS that is readily deccomposed by
microorganisms (biodegradable). A L.AS is generally a straight chain alkyl comprising 10 to

30 carbon atoms. A detcrgent may be in a liquid or a solid form.

A “viscosity increasing acenl”, “viscosity itnproving asent” or “eelline apent” refers
(=1 ’ o Yo (=4
to agents that increase viscosity thereby making compositions, such as wound gels, thick and

stable. Examples of a viscosity improving agents include, but are not limited to, natural
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products such as alginic acid, sodium alginate, polassium alginate, ammonium aiginate,
calcium alginate, agar, carrageenana, locust bean gwm, pectin, gelatine, carboxymcthyl

ccllulose (CMC), and chemically synthesized polymers, such as carbopol.

The term "disperse” or "disperse a biofilm" refers to individual bacterial or fungal
cells detaching from a surfacc or detaching from a biofilm. The term "disperse" also relers o
disaggregation of autoaggregating bactenal or fungal biofilm cclls. "Disperses a biofilm”
does not rcquire all biofilm cmbedded microorganisms to dclach, but rather a portion to

detach from a surface or a biofilm,

The tenm “inhibition” or "inhibiting” refers to a decrease of biofilm associated
microorganism formation and/or growth. The microorganisms can include bactena {e.g.,

streptococet) or fungi (e.g., Candidu spp.)

“Modulating detachment™ as uscd herein, is meant 1o be inclusive of increases as well
as decreases in bacterial or fungal biofilm detachment or releasc of bactenial or fungal cells
from a biofilm. Further, “modulating detachment”, is also meant to be inclusive of changes in
the ability of the bacteria or fungal to attach as a biofilm. For example, as demonstrated
herein, DispersinB™ modulates detachment of 8. epiderimidis, Staphylococcus aureus and
Escherichia coli not only by promoting detachment but also by inhibiting the ability of the

bacteria to attach Lo surfaces and form a biofilm.

The term "mammal” for putposes of treatment rofers to any animal classified as a
mammal, including humans, domestic, farm, sport and z00 animals, or pet animals, such as

dogs, horses, cats, cattle, pigs, sheep, ct¢. Preferably, the matnmal is human.

The term "therapeutically effcctive amount” refers to an amount of a composition of
this invention effective to “alleviate” or "treat” a disease or disorder in a subject or mammal.
A “therapeutically elfective amount” as used herein includcs a prophylactic amount, for
example, an amount effective for preventing or protecting against infectious diseases, and
symptoms thereol, and amounts effective for alleviating or treating infectious diseascs,
rclated diseases, and symptoms thereof, A "therapeutically effective amount” as used hercin
also includes an amount that is bacteriostatic or bacteriocidal, for cxample, an amount
effective for inhibiting growth of biofilm associated bacteria or killing biofilm associated
bacteria, respectively. A "therapeutically effective arount" as used herein also includes an
amount that is fungistatic or fungicidal, for examplc, an amount effective for inhibiting
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further growth of biofilm associated fungi or killing biofilm associated fungi, respectively.
By administering a DispersinB™ compound suitable for use in methods of the invention
concurently with an antimicrobial compound, the therapeutic antimicrobial compound may
be administered in a dosage amount thal is less than the dosage amount required when the
therapeutic antimicrobial compound is administered as a sole aclive ingredient. By
administcring lower dosage amounts of the active ingredient, the side effects associated

therewith should accordingly be reduced.

The term "treatment”, "treating”, or "alleviating” refers to an intervention performed
with the intention of preventing the development or altering the pathology of a disorder.
Accordingly, "treatment” refers Lo both therapeutic treatment and prophylactic or preventative
measures. Those in need of treatment include those already with the disorder as well as thosc

in which the disorder is to be prevented.

A chronic wound defined hercin is a wound that fails lo progress through an orderly
and timely sequence of repair or a wound that docs not respond to treatment and/or the
demands of treatment arc beyond the patient’s physical health, tolerance or stamina. Many
wounds that arc first considered to be acute wounds ultimately become chronic wounds due
1o factors still not well understood. One significant fz/lctor is the transition of planktonic

bacteria within the wound to form a biofilm.

In the context of wound treatment, “biofilm disruption” or “inhibition of biofilm
reconstitution” refers to biofilm clearance from a chronic or acutc wound, or to inhibit
reconstilution of a biofilm mass from remnants remaining afler debridement and thereby

promote healing of a wound.

1]

A "wild type" or “reference” sequence or the sequence of a "wild type" or “reference’
protein/polypeptidce, such as a coat protein, or a CDR or variable domain of a source
antibody, maybe the reference sequence from which vanant polypeptides are denived through
the introduction of mutations. In general, the "wild Lype" sequence for a given protein is the
sequence that is mosl common in nature. Similarly, a "wild 1ype" gene sequence is the
sequence [or that gene which is most commonly found in nature. Mutations may he
introduced into a "wild type" gene (and thus the protein jt encodes) either through natural
processcs or through man induced means. The products of such processes are "variant” or

"mutant” forms of the original "wild typc" protcin or gene.
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A "variant" of a polypeptide refers to a polypeptide that contains an amino acid
sequence that differs from a wild typc or reference scquence. A variant polypeptide can
differ from the wild type or reference sequence due to a deletion, insertion, or substitution of
a nucleotide(s) relative to said reference or wild type nucleotide scquence. The reference or
wild type scquence can be a full-length native polypeptide sequence or any other fragment of
a full-length polypeptide sequence. A polypeptide variant gencrally has at least about 80%
amino acid sequence identity with the reference scquence, but may include 85% amino acid
sequence identity with the reference sequence, 86% amino acid sequence 1dentity with the
reference sequence, 87% amino acid sequence identily with the reference sequence, 88%
amino acid scquence identity with the reference sequence, 89% amino acid scquence identity
with the reference scquence, 90% amino acid sequence identity with the reference scquence,
91% amino acid s¢quence identity with the reference sequence, 92% amino acid scquence
identity with the reference scquence, 93% amino acid scquence identity with the reference
scquence, 94% amino acid sequence identity with the reference scquence, 95% amino acid
sequence identily with the reference sequence, 96% amino acid sequence identity with the
reference scquence, 97% amino acid sequence identity with the reference sequence, 98%
amino acid scquence identity with the reference sequence, 98.5% amino acid sequence
identity with the reference sequence, 99% amino acid sequence identity with the reference

sequence, or 99.5% amino acid sequence identity with the relerence sequence,,

“Percent (%) nucleic acid sequence identity” is defined as the percentage of
nucleotides in a candidate sequence that are identical with the nuclcotides in a reference
polypeptide-encoding nucleic acid sequence, after aligning the sequences and introducing
gaps, if necessary, to achieve the maximum percent sequence identity. Alignment for
purposcs of determining percent nucleic acid sequence identity can be achieved in various
ways that are within the skill in the art, for instance, using publicly available computer
software such as BLAST, BLAST-2, ALIGN, ALIGN-2 or Mcgalign (DNASTAR}) software.
Appropriate parameters for measuring ahignment, including any algorithms nceded to achieve
maximal alignment over the full-length of the sequences being compared can be determincd

by known mcthods.

For purposes herein, the % nucleic acid secquence identity of a given nucleic acid
sequence C to, with, or against a given nuclcic acid sequence D (which can alternatively be

phrased as a given nucleic acid sequence C that has or comprises a certain % nucleic acid
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sequence identity to, with, or against a given nucleic acid scquence D) is caloulated as

follows:
100 times the fraction W/Z,

where W is the number of nucleotides scored as identical matches by the sequence alignment
program in that program’s alignment of C and D, and where Z is the total number of
nucleotides in D. Where the length of nucleic acid sequence C is not equal to the length of
nucleie acid sequence D, the % nucleic acid sequence identity of C to D will not cqual the %

nucteic acid scquence dentity of D to C,

The term "protein” has an amino acid sequence that is longer than a peptide. A
"peptide” containg 2 to about 50 amino acid residues. The term "polypeptide” includes
proteins and peptides. Examples of proteins include, but are not limited to, antibodies,
enzymes, lecling and receptors; tipoproteins and lipopolypeptides; and glycoproteins and

glycopolypeptides.

A "phage coal protein" comprises at Icast a portion of the surface of the phage virus
particle. Functionally, a coat protein is any protein that ussociates with a virus particle during
the viral assembly process in a host cell and remuins associated with the assembled virus uatil
infection. A major coat protein is that which principally comprises the coat and is present in
10 copies or morc copies/particle; a minor coat protein is less abundant. A phage coat protein

may be a variant coat protein. Some variant coat proteins have improved display of the fused

polypeptide.

A "fusion protein” and a *“fusion polypeplide” refer to a polypeptide having two
portions covalently linked together, where each of the portions is a polypeptide having a
diffcrent property. The property may bea biological property, such as activily in vitro of in
vivo. The properly may also be a simple chemical or physical property, such as binding lo a
target antigen, catalysis of a reaction, etc. The two portions may be linked directly by a
single peptide bond or through a peplide linker containing one or more aming acid residues.
Generally, the two portions and the linker will be in reading [rame with each other.
Prelerably, the two portions of the polypeplide are obtained from heterologous or different

polypeptides.
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The term "phage display” is a technique by which polypeptides are displayed as
fusion proteins to at lcast a portion of coat protein on the surface of phage, e.g., filamentous
phage, particles. A utility of phage display lies in the fact that large libraries of randomized
protein vaniants can be rapidly and efficiently sorted for those sequences that bind 1o a target
antigen with high affinity. Display of peptide and protein libravies on phage has been used
for screening millions of polypeptides for ones with specific binding properties. Polyvalent
phage display methods have been used for dispiaying small random peptides and small
proteins through fusions to either gene I or gene VIII of filamentous phage (Wells &
Lowman, Curr. Opin. Struct. Biol., 3:355-362 (1992)).

"PCR" refers to the technique in which minutc amounts of a specific piece of nucieic
acid, RNA and/or DNA, arc amplified as dcscribed in US Patent No. 4,683,195, PCR canbe
used to amplify specific RNA sequences, specific DNA scquences from total genomic DNA,

and ¢DNA transcribed from total cellular RNA, bacteriophage or plasmid sequences, elc.

DNA is "purified” when the DNA is separated from non-nucleic acid impurities. The

impurities may be polar, non-polar, ionic, etc.

The term “nucleic acid™ as used herein includes (but is not limited to) unmodified
RNA or DNA or modificd RNA or DNA. Thus, by nucleic acid it is meant to be inclusive of
single-and double- stranded DNA, DNA that is a mixture of single- and double- stranded
regions, single- and double- stranded RNA, and RNA that is a mixture of single- and double-
strandcd regions, hybrid molecules containing DNA and RNA that may be single-stranded or,
more typically, double-strandcd or a mixture of single- and double-stranded regions. Further,
the DNA or ARNA sequences ol the present invention may comprisc a modified backbone
and/or modified bases. A variety of modifications to DNA and RNA are known in the art for
multiple uscful purposes. The terin “nucleic acid” as it is employed hercin cmbraces such
chemically, enzymatically or metabolically modified forms of nucleic acids, as well as the
chemical forms of DNA and RNA characteristic of viruses and cells, including simple and

complex cells.

By the term “allelic variant” as used herein it is meant one of two or more alternative
naturally occurring forms of u gene, each of which cowuprises a unique nucleie acid sequence.
Allelic variants encompassed by the present invention encode proteins with similar or

identical enzymatic activitics.
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uctinomycelemcomitans can release individual cells into liquid medium. These detached cells

can attach to the surface of a culture apparatus and start a new colony. The dspB genc

cncodes 2 381 amino acid soluble S-N-acetylglucosaminidase that is responsible for the

detachment/dispersion of A. actinomyeetemcomitans. This polypeptide is referred to as

DispersinB™. The [irst 20 amino acids are a signal peptide, and amino acids 21-381 are the

mature polypeptide. The maturc DispersinB™™ polypeptide has the following sequence (SEQ
ID NO:11; Accession No. AY228551.1):

61
121
181
241
301
51

necvkgnsiy
aieghllngr
mtaifklvgk
ggdefgysve
gdtgdkneaa
nwdlgvwdgr
a

pagktstkgtg
aenavagkdg
drgvkylggl
snhefityan
erxdmrvslip
ntknrvgnth

Imldiarchfy
iyinpytgkp
kgrgvddeid
klsyflekkg
@llakgftvl
eiagaalsiw

speviksfid
flayrglddi
itnadsitfm
l1ktrmwndgl
nynsyylyiv
gedakalkde

tislsggnfl
kayakakgie
gslmsevidi
ikntfeqinp
pkasptfsqd
tigkntksll

hihfsdheny
lipeldspnh
fgdtsghfhi
nieitywsyd
aafaakdvik
eavihktngd

The closely rclated Actinobucilius pleuropneumoniue also encodes a DispersinB™, which is

a 377 amino acid polypeptide that includes a signal peptide from amino acids 1 to 34. The 4.

pleuropneumoniae Dispersin8™ has the following full polypeptide sequence (SEQ ID
NO:12; Accession No. AY618481.1; AAT46094.1 G1:48727581):

1
61
121
181
241
301
361

mikkaitlftl
ggtflhlhEs
rnieivpevd
viyifghssr
elnknieity
ihndgkyaae
knllkavigk

leavllsfst
dhenyaless
spnhmtaifad
hfhiggdels
waydgdagak
dvinnwtlgk
tndpksh

atyanamdlp
ylegreenat
1lelkhgkey
yvavennhcefi
ediqyrreir
wdgknssnhv

kkesglrldi
ekngtyfnpk
vkglkspyia
ryvntlndfi
adlpellang
gntgniigss

arrfytvdei
tnkpEltykg
seidinnpea
nskglitrvw
fkvinynsyy
lsiwgerssa

kgfidtihga
lneiiyyake
veviktlige
ndgliknnls
lyfvpksgsn
Ineqtiggas

Embodiments of the invention also include active fragments and variants of SEQ ID

No:11 and SEQ ID No:12. DispersinB™ active fragments and variants only include those

fragments and variants that retain an ability to disperse a bacterial or fungal cell from a

biofilm.

A substrate for both DispersinB™ is a high-molecular weight hexosamine-containing

extracellular polysaccharide adhesin cncoded in the pgaABCD locus and pgaCD in A.

acetinomycetemcomitans and 4. pleuropneumoniae, repsectively (Kaplan et al., 2004, .1
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Bacteriol. 186:8213-8220). These polysaccharide adhcsins are a componcnt of the
Aggregatibacier biolilm. A PGA componenl of the biofilm functions as a protective barrier
for cells of a biofilm. Aggregatibacter PGA is structuralty and functionally similar to £. coli
PGA and 8. epidermidis PIA, both polysaccharides comprising N-acetyl-D-glucosamine
residues in a 3(1,6) linkage (Kaplau et al., 2004). Thus, embodiments of this invention can
be uscd to detach bacterial cclls other than 4. acetinomycetemcomitans or A.

plewropnenmoniae.

Nucleic acid sequences encoding orlhologs of DispersinB™ protein have been
identified in A. lingniersii strain 19393, A, actinomycetemeonitans strain 1IDH 781,
HHaemophilus aphrophilus strain NJ8700 and A. plenropneumoniae strain TA5 and are
depicted n SEQ 1D No: 3, 5, 7, and 9, respectively. Accordingly, preferred isolated nucleic

acid sequences of the present invention comprise SEQ TD No. 1, 3, 5, 7 or 9.

Also included within the present invention are allelic variants of the exemplified
DispersinB™ nucleic acid sequence for SEQ ID No: 1, 3, 5, 7, or 9 encoding proteins with
similar cnzymatic activities to DispersinB™ and nucleic acid scquonces with substantial
percent sequence identity Lo the exemplified DispersinB™ nucleic acid sequences of SEQ ID

NO: 1, 3, 5, 7 or 9 encoding protcins with similar enzymatic activitics

There are similarities between Lhe amino acid scquence of DispersinB™ and these
orthologs zand the consensus sequence of the family 20 glycosyl hydrolase. More specifically,
amino acid residucs 40 to 297 of the predicted DispersiuB™ protein sequence are
homologous to the catalytic domain of the family 20 glycosyl hydrolascs (NCBI Conserved
Domain Database accession Number plum00728). This family of enzymes includes bacterial
chitinases, chitobiases and laclo-N-biosidases (Sano ct al. J. Biol. Chem. 1993 268:18560-
18566, Tews et al. Gene 1996, 170:63-67; Tsujibo et al. Biochim, Biophys. Acta 1998,
1425:437-440.), and eukaryotic hexosaminidases (Graham et al. J. Biol. Chem. 1988
263:16823-16829). A protein rclated to A. actinomycetemcomitans DispersinB™ is lacto-N-
biosidase of Lactococcus lacils (GenBank accession no. AAK05592) , which displays 28%

identity over 281 amino acid residues not counting gaps and terminal exlensions.

Similarity between DispersinB ™ and lacto-N-biocidases is high in the regions

surrounding Argd7 and the acidic amino acid pair Asp202 and G1u203. These residues have
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been shown to participate in substrate binding and catalysts in other family 20 glycosyl
hydrolases (Mark et al. J. Biol. Chem. 2001, 276:10330-10337; Muark et al.. I. Biol. Chem.
1998, 273:19618-19624, Prag et al. J. Mol. Biol. 2000, 300:611-617). The C-terminal half of
DispersinB™ contained three Trp residucs that were conserved in L. lactis lacto-N-biosidase
(positions 236, 279, and 353). Multiple Trp residues are present in the C-tenminal regions of
the catalytic domains of ali family 20 glycosyl hydrolases (Graham et al. J. Biol. Chem. 1988,
263:16823-16829; Tews et al. Gene 1996, 170:63-67). These Trp residucs line the part of the
substrate binding pocket that is complementary to the hydrophobic surfaces of the
hexosamine sugar ring (Tews ct al. Nature Struct. Biol. 1996, 3638-648). Ttis cxpected that
mutation of amino acids in these regions of DispersinB™ and its orthologs will alter

enzymatic activity.

In a preferred crnbodiment an isolated amino acid scquence of the present invention
comprises SEQ ID NO: 2, 4, 6, 8, 10, 11 or 12 ot an active fragment or variants thereof,
Preferred active fragments are thosc comprising a portion of the amino acid sequence of SEQ
1D NQ: 2, 4, 6, 8,10, 11 or 12 with similarities to the consensus sequence of the family 20

glycosyl hydrolase.

“Active variants or “functionally equivalent variants™ as used herein are polypeptide
sequences structurally different from the DispersinB™ protein, but having no significant
functional difference from the protein. For example, when orthologous polypeptide sequences
from various strains of A. actinomycetemcomilans are aligned, divergence in amino acid
sequence is observed, usually 0 to 10 pereent (Kaplan ct al. Oral Microbiol. Immunol.
December 2002, 17:354-359; Kaplan et al. Infect. lmn.mn. 2001, 69:5375-5384). Proteins
displaying this amount of divergence are considered functionally cquivalent variants becausc
of the fact that mixing of genetic alleles that cncode these variants is often observed in
populations (Kaplan et al. Oral Microbol. Immunol. December 2002 17:354-359). The
DispersinB™ sequence from A. actinomycetemcomitans strain IDH781 (SEQ 1D NO:6),
therefore, is expected to be a functionally cquivalent or active variant of SEQ ID NO:2, and is

included in the scope of the prescnt invention. Similarly, DispersinB™

sequences from other
strains of A. actinomycetemeomilans, such as those that exhibit different serotypes, restriction
fragment length polymorphism genotypes, 168 ribosomal RNA genotypes, or arbitrarily-
primed PCR genotypes that are commonly observed among phylogenelically diverse strains

35 isolated from diffcrent subjects (Kaplan et al. J. Clin. Microbiol. 2002 40:1181-1187;
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Kaplan et al., Oral Microbial. Immunol. December 2002 17:354-359), are also ¢xpected to be
functionally equivalent or active variants of SEQ ID NQ:2, and are included in the scope of

the present invention.

Similacly, orthologous proteins from phylogenetically diverse species of bacteria are
usually functionally equivalent or active variants, as evidenced by the fact that a common
mcthod for cloning genes of interest into plasmids is to scrcen a plasmid library for plasmids
that complement a genetic mutation in a different species of bacteria (Kaplan el al, J. Mol.
Biol. 1985 183:327-340). This is especially truc of bacterial enzymes. Orthologous enzymes
of different bacterial species can exhibit up 1o 50% divergence or greatcr, yel still utilize the
identical substrate, catalyze the same chemical reaction, and produce the same product, This
scquence divergence results from genectic dnft coupled with fixation of selccted genetic
changes in the population. The genctic changes that are sclectled and fixed are those that aiter
characteristics of the enzyme other than substrate, reaction, and product, as for cxample,
rcaction rate, pH optimum, temperaturc optimum, level of expression, and interactions with
other enzymes, such that thesc genetic changes confer upon a bacterial ccll a sclective
advantage in its environment. Since 4. actinomycetemcomitans is genetically closely related
lo A. pleuropneumonice (Dewhirst et al. J. Bacterial. 1992 174:2002-2013) and produces a
biofilm similar 1o that produced by A. actinomycetemcomitans, which detaches upon contact
with A. actinomycetemcomitans Dispersin3™, it is expected that the A, plenropneumoniae
DispersinB'™homolague identified in SEQ ID NO:10 is a functionally equivalent or active
vanant of 8EQ TD NO:2, and is included in the scope of the present invention, Similarly,
since Actinobacilius lignieresii is genclically closely rclated to Actinobacillus
pleuropneumoniae (Dewhirst et al. J. Bacteriol. 1992 174:2002-2013) and Haemophilus
aphrophilus is genetically closely related 10 A, actinomycetemcomitans (Dewhirst et al, J.
Bactcriol. 1992 174:2002-2013; Kaplan et al. J. Clin. Microbiol. 2002 40:1181-1187), and
since both A. lignieresii and Haemophils aphrophifus produce biofilms similar to that
produced by A. actinomycetemcomitans, itis expected that the Actinobacillus lignieresii and
Haemophilus aphrophilus DispersinB"™ homologues identified in SEQ TD NO:4 and SEQ 1D
NO:5, respectively, are functionally equivalent or active variants of SEQ ID NO:2, and are

included in the scope of the present invention.

The above mentioned examples demonstrate functionally equivalent or active variants

of A. actinomycetemcomitans DispersinB™ that occur in nature. As will be understood by
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those of skill in the art upon reading this disclosure, however, artificially produced genes that
cncode functionally equivalent or active variants of 4. actinomycetemcomirans DispersinB™
can also be produced routinely in accordance with the teachings berein using various well
known genetic engineering techniques. For example, a genctically engineered dispersin
enzyme that lacks 20 N-terminal amino acid residues, and also contained a 32 amino acid
residue C-terminal tail, which it functionally cquivalent 10 the natural DispersinB™ cnzyme
has been produced. Tt has also been shown that the methionine residue at the N-terminus of
this genetically engineered DispersinB'™ enzyme, when cxpressed in £ coli, was removed
by the action of methionine aminopeptidase, yet the absence of the methionine did not affect
enzyme activity. It has also been shown that cleavage of the C-terminal 28 amino acid
residues from this genetically engineered DispersinB'™ cnzyme has no affect on enzyme
activity. These cxamples demonstrate that artificial genes can be produced that encode
functionally equivalent variants of 4. actinomyecetemcomitans DispcrsinBTM.' These
artificially produced functionally cquivalent variants of A. actinomycetemcomitans

DispersinB™ are included in the scope of the present invention.

The above mentioned examples demonstrate genctically-engineered, functionally
cquivalent variants of A. actinomycetemcomitans DispersinB™ that contain either a
dcletion of amino acid residucs at the N-terminus of the protein, or the fusion of an additional
polypeptide at the C-terminus of the protein. It is expected that other genetically-engineered
altcrations, such as the fusion of an additional polypeptide at the N-terminus at the protein,
a deletion of amino acid residues at the C-terminus of the protein, internal deletions and
insertions of amino acid residucs, and amino acid substitutions, would also result in
functionally equivalent variants of A. actinomycetemcomitans DispersinB'™. Information
about which deletions, insertions, and amino acid substitutions would produce functionally
equivalent variants of A. actinomycetemcomitans DispersinB™ can be obtained from amino
acid sequence alignments, and from commonly available computer software that predicts
polypeptide secondary structures based on both primary amino acid sequences and on amino
acid sequence alignments with homologous proteins having known three-dimensional
structures. A. actinomycetemcomitans DispersinB™, for example, 1s a member of the family
20 glycosyl hydrolases, a family that includes several well-studied enzymes, and a fumily
represenied by numerous homologous primary amino acid sequences in the public databases.
In some cases, three-dimensional structurcs of family 20 glycosyl hydrolases are known
(Tews et al. Nature Struct. Biol. 1996 3:638-648).
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All family 20 glycosyl hydrolases exhibit a (ef)g-barrel motif (also known as a TIM-
barrel motif; Tews et al.. Nature Struct. Biol. 1996 3:638-648; Prag et al. J. Mol. Biol. 2000
300:611-617), which is by far the most common cnzyme fold in the Protein Data Bank (PDB)
database of known protein structures. 1t is cstimated that 10% of all known ¢nzymes have this
domain (Wiercnge, R. K., FEBS Lett. 2001 492:193-198). The {af)s.barrel motif is seen in
many different enzyme families, catalyzing completely unrelated reactions. The availability
of numerous homologous primary amino acid sequences, combined with the availability of
the three-dimensional structures of several A. actinomycetemcomitans DispersinB™
homologues, forms the basis of these sequence alignments and sccondary structure
predictions. Ifor example, the (08)s.barrcl motif consists of eight a-helices and eight 8-strands
such that cighl parallcl §-strands form a barrel on the inside of the protein, which are covered
by cight o-helices on the outside of the protcin. Based on the above mentioned protein
scquence alignments and structural peedictions, it is expected that the eight S-strands in 4.
actinomycetemecomitans DispersinB™ comprise the amino acid residues surrounding
positions 41-44, 69-81, 130-134, 169-171, 189- 200, 253-256, 288-300, and 348-360 of SEQ
ID NO:2. Any alteration in the amino acid sequence that disrupts the g-strand architecture of
these eight regions would be cxpected to result in a decrease in enzyme activity because of a
concomitant distuption in the three-dimensional structure of the (a8)g.barrcl of the enzyme.
Similarly, bascd on the above mentioned protein sequence alignments and structural
predictions, it is expected that the eight a-helices in A. actinomyeetemcomiians DispersinB™
comprise the amino acid residues surrounding positions 52-63, 89-93, 143-149, 176-183,
214-228 269-284, 309-321, and 361-374 of SEQ ID NQ:2. Any alteration in the amino acid
sequence that disrupts the 8-helical architecture of these eight regions would be expected to
result in a decreasc in enzyme activity becausc of a concomitant disruption in the three-

dimensional structure of (aB)y-barrel of the enzyme,

Similarty, because the a-strands consist of four inward pointing side chaing (pointing
inlo the (af)s.barrel) and four outward pointing side chains (peointing towards the o-helices) ,
it is expected that alterations in the inward- pointing amino acid residues will reduce enzyme
activity becausc of concomitant alterations to the substrate binding pocket inside the (of)s-
barrel, and thal alterations in thc outward-pointing amino acid residues will reduce enzyme
activity when they interferc with the interactions, between the 8-strands and the o-helices.
Similarly, the active sitc of family 20 glycosyl hydrolases is always located at the C-terminal

end of the cight parallel S-strands of the barrel. It is expected that alterations in the
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homologous region of 4. actinomycetemcomitans Dispersin3™ will affect enzyme activity.
Similarly, it is predictcd that the introduction of insertions and deletions into the regions
between the a-helices and the S-strands, namely in positions 45-51, 64-68, 82-88, 94-129,
135-142, 150-168, 172-175, 182-188, 201-213, 229-252, 257-268, 285-287, 301- 308, 322-
347, and 351-360, in SEQ ID NO:2, will not effect cnzyme activity. Similacly. it is expected
that almost any altcration of residues 47 (Arginine) , 203 (Aspartate) and 204 (Glutamate)
will result in complete loss of enzyme aclivity, because these three residues have been shown
to participate directly in substratc binding and catalysis in all family 20 glycosyl hydrolases
(Mark et al. I. Biol. Chem. 1998 273: 19618-19624; Prag el al. J. Mol. Biol. 2000, 300:611-
617; Mark el al.. Biol. Chem. 2001 276:10330-10337). Similarly, it is expected that
alteration of the three tryptophan residues at positions 236, 257 and 350, to any non-aromatic
amino acid residue will result in a decrease in cnzyme activity becauss these three tryptophan
residucs have been shown to line part of the substrate- binding pocket that is complementary
to the hydrophobic surfaces of the substrate hexosamine sugar ring (Tews ¢t al. Nature Struct.
Biol. 1996 3:638-G48). As aresult of the locations of these essential amino acid vesidues in
A. actinomycetemcomitans DispersinB™ , it is predicted that no more than 46 amino acid
residues can be deleted from the N- terminus, and no more that 31 amino acids can be deleted
from the C-terminus, without loss of enzyme activity. Al of those genctic alterations that

result in functionally equivalent vaviants arc included in the scope of the presenl invent ion.

Genes encoding functionally different vaniants of A. actinomycetemeomiluns
DispersinB™ can also be produced in accordance with the teachings of the instant
application using well known genctic engincering technigques. For example, as mentioned
above, it is expected that almost any alteration of residues 47 (Argining), 203 (Aspartate) and
204 (Glutamate) m SEQ 1D NO:2 will result in complete loss of enzyme activity.

Alternatively, variants of A. actinomycetemcomitans DispCrsian that exhibit characteristics

- that may be useful in a clinical setting could also be artificiaily produced. For example, the

tempetature optimum of A. actinomycetemcomitans DispersinB™ is 30°C. It may be
desirable to produce 1 genetically-engineered variant of DispersinB™™ that exhibits a
tcmperature optimum of 37°C, thereby resulting in an increased effectivencss of the enzyme
or decreased cost of treatment, such variants can be artificially produced by firsi creating
random mutations in the A. actinomycetemcomitans DispersinB™ gene sequence, for
cxample by using UV light or a chemical mutagen like nitrosoguanidine and then screening

large numbers of thesc random variants, for cxample in a quantitative 96-well microtiter plate

‘d
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assay (Kaplan ct al. J. Bacteriol, 2003 185:4693-4698), for ones that exhibit higher
temperature optima. An altemative method is to utilize direcled evolution of sequences by
DNA shuftling (Christians ct al. Nature Biotechnol. 1999 17:259-264; Dichck ct al. J. Lipid
Res. 1993 34:1393-1340), combined with a high-throughpul robotic screen based upon a
quantitative 96-well microtiter plate assay (Kaplan ct al. J. Bacteriol. 2003 185:4693-4698) to
identify variants with increascd temperature optima, The aforementioned methods can also be
used to produce variants of A. actinomycetemcomitans DispersinB ™ that exhibit increased
substantivity (o biomalerials, increased pH optima, increased stability in aqucous solutions,
increased reaction rate, increased stability upon desiccation, and other characteristics that
could result in increased effectiveness of the enzyme or decreased cost of treatment. An
altemative method that can be used to produce useful variants is site-directed mutagenesis.
For example, it is cxpected that the eight o-helices of the (¢@)g-barrel in A.
actinomycetemcomitans DispersinB™ contain many amino acid residucs that are exposed on
the outer surface of the enzyme, and that altering the outward-pointing amino acid residucs of
the cight a-helices will alter the outer surface properties of the enzyme, thereby potentially
increasing the substantivily of the enzyme for biomaterials without affecting enzyme activity.
Accordingly, these outward painting amino acid residues can be systematically mutated, for
example from polar residues to charged residues, and the resulting mutants screened to
identify variants with increased substantivity lo biomalerials. Functionally different variants
of A. actinomyceremcomitans DispersinB™ that are intended to improve the clinical
efficiency or cost effectiveness of the enzymre, when applied to detaching bacterial or fungal

eclls [rom biofilms, arc included in the scope of the present invention,

Compositions

Antibiofilm enzyme-based antimicrobial compositions comprising DispersinB™ or
an aclive fragment or variant thercof, and an antimicrobial agent, can inhibit biofilm
formation as well as biofilm growth. In particular, a composition comprising DispersinB'™
or an active fragment or vanant thereof, and triclosan, a broad-spectrum antimicrobial has
enhanced antibiofilm and antimicrobial activity. Such compounds are cffective for inhibiting
growth and prohiferation of biofilm-embedded microorganisms, including both bacterial and
fungal species. An enhanced antimicrobial activity of antimicrobials used in combination
with DispersinB ™ enzyme is evidenced by the low concentration of each compound required

to inhibit baclenal growth effectively. In particular, it is possible to usc small amounts of
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DispersinB™, or an active fragment or variant thereof, which are biologically acceptable, and

4 small amount of triclosan, which is biologically acceplable at lower concentrations.

It will be appreciated that I)ispcrsinl:_’»TM or active fragments or variants thereof and
antimicrobial agenls can be uscd together in the form of a single composition in onc
embodiment or together in the form of separatc compeositions for inhibiting growth and
proliferation of biofiltn-embedded microorganisms in unother embodiment. In embodiments
wherein scparate compositions comprising DispersinB™ or an active fragment or variant
thereof and antimicrobial agents arc employed, the separate compositions can be used at the
same time or sequentially. In a preferred embodiment, a composition comprising
DispersinB™ or an active fragment or variant thereof is administered separately to a biofilm
to be (realed followed by separatc administration of a composition comprising an
antimicrobial agent for inhibiting growth and prolifcration of biofilm-embedded
microorganisms. Tn-a further preferred embodiment, the composition comprising an
antimicrobjal agent, comprises sodium doceyl sulfate, benzalkonium chloride or

chlorhexiding as the antimicrobial agent.

Accordingly, an embodiment of the present invention provides compositions for
preventing growth and proliferation of biofilm embedded-microrganisms comprising: (x)
Dispcrsian, an active fragment, or variant thercof; and (b) triclosan.

Also, other antimicrobials including, but not limited to, triclosan, antibiotics (such as
rifampicin, cefamandolc nafate and ciprofloxacin) nitrofurazone, bismuth-thiols {such as
bismuth ethanedithiol (BisEDT)] , chitosan, cpigallocatechin gallate (EGCG), sodium usnale,
antineoplaétic agents (such as 3-tluorouracil), detergents (such as sodium doceyl sulfate
{SDS), benzalkonium chloride), chlorhexidine, chelating agents (such as EDTA), silver
compounds, bacteriophage, antimicrobial cnzymes (such as glucosc oxidase and
lactoperoxidase), sugar alcohols (such as xylitol), maleimides [such as N.N-(1.2 phenylene)
dimalcimide (0PDM) and N-(1-pyrenyl) maleimide (PyrM)], cadexomer loding, methylene
blue, gentian violet, medivm chain dextrans (such as honey),and mixturcs thereof can be used
in combination with DispersinB™.

An enhanced antimicrobial composilion ol the invention requircs remarkably small
amounts of active ingredicnts (compared to that used in the past) to be effective against the

microbial growth and biofilm formation. A composition according to the invention may have
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properties that include those of separate compounds but go heyond them in eflicacy and
scope of application. Extremcly low levels, and hence increased efficacy, of active
compounds or ingredients, make cibodiments of this invention very desirable and relatively
economical to manufacture, although higher concentrations of these compounds can be used
if'it is desired for certain applications. A lurther advantage of using these compositions is the
effectiveness for preventing growth of biofilm embedded bacteria and fungus, and in

particular, bacteal and fungal species thal colonize wounds.

DispersinB™ -based antimicrobial compositions of the invention can be used to
inhibit the proliferation of biofilm-embedded gram-negative and gram-posilive bacteria,
which include, but are not limited to: Escherichia coli, Proteus mirabilis, Klebsiella
pnewnoniue, Pseudomonas aeruginosa, Klebsiella axytoca, Frovidentia stuartii, Serratia
marcescens, Enterococcus faecalis, Vancomycin Resistant Enterococei (VRE),
Peptostreptococcus spp., Corynebacterium spp., Clostridium spp., Bacteroides spp.,
Prevotella spp., Streptococcus pyogenes, Streptococcus viridans, Micrococcus spp., 8-
hemolytic streptococcus (group C), Beta-hemolylic streptococcus (group B), Bacillus spp.,
Porphyromonus spp., Aggregatibacter actinomycetencomitans, Fusobacterium nucleatum,
Treponema denticola, Staphylococcus epidermidis, Staphylococcus aureus and

Staphylococeus saprophyticus.

Additinally, DispersinB ™ -based antimicrobial compositions of the invention can
also be used to inhibit the prolifcration of biofilm-embedded fungi, such as Candida albicans,

Candidu purapsilosis, and Candida utilis.

In one aspect, a DispersinB™ -bascd antimicrobial composition can treat vatious
kinds of wounds, including, but not limited to, cutaneous abscesses, surgical wounds, sulured
lacerations, contaminated lacerations, blister wounds, soft tissuc wounds, partial thickness
and full thickness burns, decubitus ulcers, stasis ulcers, leg ulcers, foot ulcers, venous ulcers,

diabetic ulcers, ischemic uleers, and pressure ulcers

Another aspect includes methods of using DispersinB™ -based antimicrobial
compasitions in wound care devices including, but not limited to, non-resorbable
gauze/sponge dressing, hydrophilic wound dressing, occlusive wound dressing, hydrogel

wound and burn dressing, spray-applicator, and also in ointments, lotions, and suture.
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Suitablc substrates for receiving a topically applied DispersinB ™-based antimicrobial
composition finish include, without limitation, fibres, fabrics, and alginates. A fabric may be
formed from fibres such as synthetic fibres, natural fibres, or a combination thereol. Synthetic
fibres include, for example, polyester, acrylic, polyamide, polyolefin, polyaramid,
polyurethane, regenerated cellulose (i.e., rayon), and blends thereof. Suitable polymeric
materials include but are not limited to silastic or other silicone-based material,
polycthylenctecephtalate (PET), Dacron”, knitled Dacron®, velour Dacron®, polyglacin,
chromic gut, nylom, silk, bovine arterial graft, polyethylene (PE), polyurethane, polyvinyl
chlorides silastic elastomer, silicone rubber, PMMA [poly-(methylmethacrylate), latex,
polypropylene (PP), polyolefin, cellulose, poly vinyl] alcohol (PVA), poly(hydroxyethyl
methacrylate (PHEMA), poly(glycolic acid), poly {acrylonitrate) (PAN), fluoroethylene-
cohexa-fluoropropylene (FEP), Teflon® (PTF E), Cobalt-Cromium alloys, copolymers thercof

and mixtures thereof.

A method of incotporating a therapeuticaily active DispersinB™ -based composition
of the present invention into the polymeric material includes direct compounding of a

therapeulically active substance into a plastic resin before casting or the like.

In addition, a DispersinB™ -bascd antimicrobial composition can further comptisc
binders, wetting agents, odour absorbing agents, levelling agents, adherents, thickeners, and
the like. Other additives may also be present on and/or within a fabric of bandage including
antistatic agents, oplical brightcning compounds, opacificrs (such as titaniurn dioxide),
nucleating agents, antioxidants, UV stabilizers, fillers, permancnt press finishes, softeners,

lubricants, curing acceleralors, adhesives, and the like.

In another embodiment, a DispersinB ™ -based antimicrobial composition can include
a detergent. A detergent may be anionic, cationic, or non-ionic. Detergents can include:
sodium dodecyl sulfate (SDS) (also known as lauryl sulfate, sodium salt (other salis are also
usclul including lithium and potassium salts); sodium cocomonoglyceride sulfonate; sodium
lauryl sarcosinate; sodium cholate; sodium deoxycholate; octylglucoside;
dodecyldimethylamine oxide; 3-[(3-cholamidopropyl)dimethylammeonio]- 1-propanesulfonate
(CHAPS); dodecyltriethylammonium bromide (DTAB); cetyltrimethylammonium bromide
(CTAB); polyoxycthylene-p-isooctylphenyl ether (e.g., Triton® X-20, Triton® X-100, Triton®
X-114); alkyl sulfatc; alkyl sulfonate; quaternary amines; octyldecyldimethylammonium

chionde; dioctyldimethylammonium chloride; didecyldimethytammonium chloride;
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cetylpyridinivm chleride; benzalkonium chloride; benzyldodecyldimethylammonium
bromide; thonzonium bromide; cholic acid; chenodeoxycholic acid; glycodeoxychlic acid
sodium salt; cremophor EL; N-Nonanoyl-N-mcthylglucamine; saponin; surfactin; protamine,

and colistin.
Therapeutic Use for Treating Oral Infections

Tn an embodiment, a DispersinB™ -based antimicrobial composition can treat an oral
infection. Oral infections include microorganisms in the subgingival and supragingival
plague. Subgingival plaque comprises microorganisms can cause periodontal discasc.
Pcriodontal disease includes gingtvits, periodontitis, acuie necrotizing ulcerative gingivitis
(ANUGQ), and localized juventile periodontitis (LJP). Symptoms of periodontal disease

include inflammation of the gingiva, decpening periodontal pockets, and alveolar bone loss,

A. actinontycetemeomitans is the principal efiologic agent ol LIP and is considered a
putative etiologic agent for generalized periodonlitis, also referred to as adult periodontitis.
Prevotella intermedia is considered the chief etiologic agent for ANUG and is also
considered a putative etiologic agent of adult periodontitis. Porphyromonas gingivalis is
considered the main etiologic agent of chronic and severe adult periodontitis, but other
microorganisms are thought to contribute to adult periodontitis as well. Other etiologic
agents of periodontal diseases include Fusobacterium nucleatum, Treponema denticola,
Eikenella corrodens, P. nigrescens, Campylobacter rectus, Prevotellu nigrescens, and

Bacteroides forsythus.

In an embodiment, a DispersinB™ -bascd composition can be used to treat oral
infections. Prefereably, an oral infection would include dental plaque that causcs periodontal
discase. In another embodiment, an oral infection includes Streptococcus mutans, the

ctinlogic agent of carics.

In an embodiment, a method includes administering a composition comprising (a)
DispersinB™, an active fragment or variant thercof that disperses a biofilm; and (b) an
antimicrobial agent. The antimicrobial agent can be an amount to kill or inhibit
microorganisms that cause periodontal discase. In another embodiment, the antimicrobial

agent can be an amount to kill or inhibit §. muetans.
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A structural matrix established during biofilm formation can make colonizing cells
able to withstand normal treatment doses of an antimicrobial. In a biofilm, a glycocalyx
matrix serves as a barrier that protects and isolatcs microorganisms from antimicrobials and
host defenscs (e.g., antibodies, macrophages, etc.) (Costerton ct al., 1981, Ann. Rev.
Microbiol. 35:299-324). In one study, biofilm-associated bacteria were able to survive a
concentration of antibiotic 20 times the concentration effective to eliminate the same species
of bacteria grown in planktonic culture (Nickel et al., 1985, Antimicrob. Agents Chemother.
27:619-624). Higher doses of antinmerobials neccssary to ehminate biofilm growth may not
be well tolerated 1n a wamumal, particularly 2 human. A DiSpersin'BTM -based composition
can overcome this structural protection of biofilm-embedded microorganisms. Dispersing™
can break up a biolilm matnx, whereby the antimicrobial then has access (o the

microorganisms,
Gel Formulations

In another embodiment, the present invention provides antimofilm enzyme-based
wound gel compositions comprising DispersinB™™, or an active fragment or variants thereol,
and an antimicrobial agent, can inhibit biofilm formation as well as biofilm growth. In
particular, a composition can include (a) DispersinB™, an active fragment or a variant
thereof, and (b) triclosan or a broad-spectrum antimicrobial. Such compositions are effective
in inhibiting growth and proliferation of biofilm-cmbedded microorganisms, including both

bacterial and fungal species. A composition can further comprise a viscosity improving agent.

Accordingly, an cmbodiment of the present invention provides wound gel
compositions for: (a) DispersinB™ antimicrobial wound gel with a viscosity improving agent
{gelling agent); and (b) Triclosan- DispersinB™ antimicrobial wound gel with a viscosity
improving agent. In both the wouad gels DispersinB ™ or an active fragment or vatiants

thercof could be used.

Also, other antimicrobials including, but not limited to, triclosan, antibiotics (such as
rifampicin, cefamandole nafateand ciprofloxacin) nitro furazone, bismuth-thiols {such as
bismuth ethanedithiol (BisEDT)] , chilosan, epigallocatechin gallate (EGCG), sodium usnate,
antinecoplastic agenls (such as 5-fluorouracil), detergents (such as SDS, benzalkonium
chloride), chlothexidine, chelating agents (such as EDTAY}, silver compounds, bacleniophage,

antimicrobial enzymes (such as glucose oxidasc and lactopcroxidase), sugar alcohols (such as
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xylito!), maleimides [such as N,N-(1,2 phenylene) dimzleimide (oPDM) and N-(1-pyrenyf)
maleimide (PyrM)], cadexomer iodine, methylene blue, gentian violet, medium chain
dextrans (such as honey), and mixtures thereof can be used in combinalion with

Dispersin8™.

According to another embodiment, a Triclosan- DispcrsinBTM wound gel comprises
about 1% triclosan. [n a further embodiment, a DispersinB™ wound pel and a Triclosan-
DispersinB"™ wound gel can optionally further comprises a gelling agent and/or a viscosity

improving agent.

Triclosan-DispersinB™ wound gel can be prepared in polycthylene glycol
(PEG)/ethanol. PEG of molecular weights ranging between 200 and 511000 can be used in
the pel formulation. According to another cmbodiment, a Triclosan- DispersinB™ wound gel

is preparcd in 10% polyethylene glycol (PEG) 400 plus 10% ethanol.

According to anothcer embodiment, a viscosity increasing agent is an alginate based
material. There arc a number of suitable viscosity increasing agents available and, as
previously indicated, preferred cmbodiments of the present invention will rely on gelhng
agenis. A number of gelling agents are available including various gums and polysaccharides,
alginatcs, and both synthctic and natural polymeric compounds. Such gelling agents are well
known in the art, in particular in the food and medical arenas and will not be discussed in any
specific detail herein apart from some representative cxumples given later hercin. Some
useful prior art referencing the use of gelling agents in medical type applications include U.S.
Pat. No. 4,948,575, U.S. Pat. No. 5,674,524, U.S. Pat. No. 5,197,954, U.S. Pat. No.
5,735,812, U.S. Pat. No. 5,238,685, U.S. Pat. No. 5,470,576, U.S. Pat. No. 5,738,860, U.S,
Pat. No. 5,336,501, 1J.8. Pat. No. 5,482,932, Reference is made to these documents as a

background to various viscosity increasing agents, which may [ind with the present invention.

A DispersinB™ bascd antimicrobial wound gel can be used to inhibit the proliferation
ol biofilm-embedded gram-negative and gram-positive bacteria, which include, but are
limited (o: Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae, Pseudomonas
aeruginosa, Klebsiella oxvtoca, Providentia sturtii, Sevatia marcescens, Enterobacter
cloucae, Enterococcu fuecalis, Vancomyein Resistant Enterococei (VRE),
Peplostreptococcus spp., Corynebacierium spp., Clostridium spp., Bacteriodes spp.,

Prevotella spp., Sireptococcus pyogenes, Streptococcus viridans, Micrococcus spp., Bela-
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hemelytic streptococeus (groupC), Beta<hcrnolytic sireptococcus (groupB), Bacillus spp.,
Porphyromonas spp., Staphviococcus epidermidis, S. aureus, §. sgalactiae and S.

saprophyticus.

Additionally, 2 DispersinB"™ bascd antimicrobial composition can also be used to

Ly

inhibit the proliferation of biofilm-embedded fung), such as Candidu albicuns, Candida

parapsilosis, and Candida utilis.
Use of Gel Formutations

DispersinB™ bascd antibiofilm gel formulations can be administered to subjects to
inhibit biofilms. Such biofilms can include bacteria, fungi, or a mixture of bacteria and fungi.
{0 Biofilms can he associated with wounds. Administration of a DispersinB™ based
antibiotilm wound gel can also be achicved wherein a wound dressing or device comprises

said DispersinB™ based antibiofilm gel formulations.

A DispersinB™ based antibiofilm gel formulation that is administered to treat a
biofilm can also include an antimicrobial, such as triclosan, As further described in the
15 cxamplcs, a triclosan-DispersinB™  antibiofilm formulation significantly, if not totally,

ablates biofilm growth and/or survival.

In onc aspect, & DispersinBT M based antibiofilm wound gel can be used for treating a
wounds that includes but is not limited to, a culaneous abscess, surgical wound, sutured
laceration, contaminated laceration, blister wound, soft tissue wound, partial thickness burn,

20 full thickness bum, decubitus vlcer, stasis ulcer, foot ulcer, venous ulcer, diabetic ulcer,

ischemic ulcer, pressure ulcer, or combinations thereof,

A wound gel is preferably applied following wound debridement. Although biofilm
bacteria cannot be completely cradicated from a wound area by debridement, decreasing
biofilm mass and providing increased exposure of the debrided tissue and remaining biofilm

25  bacteria to a wound gel increases wound healing. The slough that fills a chronic wound,
previously thought to be comprised of dead cells, ccllular debris, bacteria, and tissue fluid,
has recently been demonstrated to be comprised primarily of a mixed-specics bacterial
biofilm. It is therefore of benetit to debride the slough from. the wound as completely as
possible. Debridement can be performed by surgical, mechanical, autolytic, enzymatic, or a

30 combination of means known to those of skill in the art of wound care.
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A wound gel could be applied on chronic wounds along with systemic administration
of antibiotics. At present antibiotics are not effective against some chronic wounds as biofilm
embedded cells are more resistant to antibiotics. Application of a wound gel with antibiofilm
activity will disrupt biofilm cmbedded cells and systemically administered antibiotics will
kill dispersed cells. Therefore, a wound gel of present invention will improve the activity of

antibiotics.

A DispersinB ™ wound gel could be used scquentially along with antimicrobial
agents, which are not compatible with enzymes such as detergents. A DispersinB™ wound
gel can be applied on wounds first to dispersc biofilm embedded cells and then antimicrobial

agents.

A wound gel of the present invention utilizes alginate salts to form a product of the
desired viscosity (e.g. gcl, putty or pliable sheet, etc.). Alginates appear to be especiall y
suitable for use with a wound gel since physical properties of a gel product appear to be
relatively casily controlled. Introduction of polyvalent cations helps to form a gel product of
desired consistency. Any moulding, extruding, or forming processes should also be
performed at this fime so that a final product could be formed into desired configuration.
Machiming (e.g. slicing) into a final form, such as sheets cut [rom a block, can also be

incorporated into any manufacturing proccss.

Alginates can also have othcr potentially realisable advantages by introducing cations
or cations thal are already a part of the selected alginate. Lor instance, calcium containing
alginates may be sclected where there is bleeding, as calcium can promote blood clotting,
Another example of advantageous cation exchange by an alginate includes alginate fibre
dressings that arc high in mannuronic acid, wherein the fibre dressings can readily exchange
calejum ions for sodium ions. This increases fluid uptake by the dressing, which
consequently forms a soft gel that can be casily tlushed away with saline. Fibre dressings
high in guluronic acid form stronger gels that keep their shape, making removal in one picce

possible.

Alginates can exhibit gelling and cross linking properties promoted by the presence of
polyvalent cations. These often tend to form tougher and less soluble alginate materials and

thus may find use in a number of products for altering physical characteristics. Such a
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modification can be used for a sheet-like embodiment, particularly as a way of increasing the

strength or solubility propettics of a resulting sheet.

Polyvalent cations may be introduced in a number of ways, including introduction of
a soluble solulion of polyvalent cations during the blending procedure. Preferably, this should
be afier gelling ol a blend has been initiated to avoid thickening reactions, which interlere
with the dispersion and hydrating of all of the sodivin (or other) alginate being blended with
'Dispersin'BTM and triclosan. However, adding polyvalent cations at different points can
theoretically substantially alier the charactenstics of the resulting product and thus a number
of options open to the user to allow them to tailor the physical characteristics of products
according to the intended end use and user requirenients. It is anticipated that soluble calcium
salls, such as calcium chloride, may be introduced at relatively low concentrations to promote

the various gelling and cross reactions.

Sheets from wound gels can be formed by placing wound gel in between sheels of a
non-wettable material and rolling it to uniform thickness. As a variation, a gauze fabric or
other suitable matenial may be placed on top of a lower non-wettable shect prior to pouring a
wound gel. The rolling procedure is completed with a shect-like gel bonded to gauze, Various
materials could be used to apply DispersinB™ based wound gel including, without
limitations, fibres, and fabrics. A fabric may be formed from fibres such as synthetic fibres,
natural fibres, or combinations thereof. Synthetic fibres include, for cxample, polyester,
acrylic, polyamide, polyolefin, polyaramid, polyurethane, regenerated cellulosc (i.c. rayon),

and blends thereol. Suitable polymeric materials include but are not limited to silastic or

* other silicone-based material, polyethylenetecephtalate (PET), Dacron®, kitted Dacron®,

velour Dacron®, polyglacin, chromic gut, nylon, silk, bovine arterial graft, polyethylenc (PE),
polyurethane, polyvinyl chlorides silastic elastomer, silicone rubber, PMMA[poly-
(methylmothacrylate), latex, polypropylene (PP), polyolefin, cellulose, poly vinyl] aleohol
(PVA), poly(hydroxymethyl) methacrylate (PHEMA), Poly(giycolic acid), poly
(acrylonitrale) (PAN), [luorocthylenc-cohexa-fluoropropylene (FEP), Tellon®™ (PTFE),

Cobalt-Cromium alloys, copolymers thercof and mixtures thereof.

Other potentially useful gelling agents include hydrocolloids and hydrogels. These
components tend to absorb moisture (o form a moist healing environment and tend to absorb
less fluid than the alginates. Consequently it is envisaged that they would not be used for

embodiments for heavily exuding wounds in which alginates would tend to offer belter
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performance. However, it is envisaged that combinations of various viscosity increasing
agents may be used in particular embodiments, particularly cach imparts a slightly difference
property which helps fulfil a particular specification required by the user. For instance the
hydrocolloids or hydrogels may be incorporated inlo gelling blends to vary properties sucli as

the amount of fluid absorbed from a wound, ctc.

In addition, DispersinB ™ based wound gels can further comprise binders, wetting
agents, odour absorbing agents, levelling agents, adherents, thickeners, coupling agents, pH

adjusters, and the hke.

A formulation of the prescnt invention may be used for human wound therapy or for
veterinary use. A formulation may be applied topically lo one or more wounds of, for
cxample, a dog, cat, or other mammal. A formulation may be applied to a bite wound to
protect a human from developing an ulcerated wound as the result of infection (often with

biofilm fragments from the mouth of the animal).

Compositions of the invention can also include quorum sensing inhibitors (QSIs).
Quorum sensing is a means of commumication between bacleria, most notably in a biofilm.
Quorom sensing is medialed by N-acyl-homosenne lactoncs (AHLS) in gram-negative
bactcria and mostly through small peptides in gram positive bacteria (Maréh & Bentley,
Curr. Opin. Biotechnol. 15: 495-502 (2004)). Quorom sensing inhibitors can inhibit AHL
expression, dissemination, and signal reception. For instance, the Bacillus cnzyme AuA
hydrolyzes AHLs (Dong ¢t al., Proc. Natl. Acad. Sci. USA 97: 3526-3531 (2000)). Other
QSIs can include AT analogs that compete and/or interfere with AHL binding to a receptor
(e.g., LuxR). These antagoinst AHLs can include AHLs with a longer acyl side chains (e.g.,
extended with at least one mcthylene), AHLs with decreased acyl side chain rotation (c.g.,
introduction of an unsaturaied bond close to the amidc linkage), or a sobstitution Lo the
phenyl ring (e.g., para-bromo). Other QSIs include furanone compounds (Wu et al., J.
Antimicrob. Chemother, 53; 1054-1061 (2004)) such as (5Z)-4-bromo-5-(bromomethylenc)-
3-butyl-2(5H)-luranone (Jones et al., . Infect. Dis. 191: 1881-1888 (2005)), 4-nitro-pyridine-
N-oxide, garlic extract, p-benzoquinone, 2,4,5-tri-bromo-imidazole, 3-amino-benzen-
sulfonamide, and 3-nitro-benzen-sulfonamide (Rasmussen et al., J. Bacteriol. 187: 1799-1814
{2005)).
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Compositions of the invention can also include RNAIIT inhibitory peptide (RIP) (U,
§. Pat. No. 6,291,431). RIP is a heplapeptide (YSPWTNEF-NHa; SEQ ID NO: 5) that inhibits
S. aureus and S. epidermidis adhesion to surfaccs {e.g., epithehal cells, polymcrs).
Compositions can also includc bacterial transeription inhibitors which are known to be aclive

against biofilms (Guillot et al., 2007, Antimicrob. Agents Chemother. 51:3117-3121).

Methods to modulate biofilm detachment can include DispersinB™ and other
molecules mentioned above. DispersinB™ can be administered to a biofim concurrently or
prior to administering (QSIs and/or an antimicrobial. Further, a combination of DispersinB'™

and QS1s can be administered concurrently or prior to administering an antimicrobial.
Therapeutic Delivery of Bacteriophages

"Bacteriophage” or "phage” are viruscs that infect bacteria. Many phage have the
ability to lyse bacteria, usually occuring after viral assembly is completely so fully assembled

vitus can exit the host cell.

Phage display is a system in which a protein and small peptides are displayed on the
surface of a phage as a fusion with one of the coal proteins of the virus. Phage display is a
powaerful tool that allows the discovery and characterization of proteins that intcract with a
desired targel. Phage display peptide libraries arc produced with hillions of unique displayed
proteins (see, e.g., U.S. Patent No. 5,702,892). Phage display libranies are well known and

extensively used to investigate ligand-receptor binding.

Due to accessibility to solvents, displayed proteins and peptides frequently adopt their
native conformation, and behave essentially as it is not attached to the surface of a phage.
Therefore, most protcins and peptides attached to phage surfaces arc biologically active, and
can be used directly without lime consuming purification and refolding steps that is otherwise

needed for proteins expressed using bacterial and eukaryolic expression systems.

Using phagcs as antimicrobial agents for infection control has been demonstrated in
animal models for Escherichia coli (Meroll et al., Proc. Natl, Acad. Sci. USA (1996) 93:
3188-3192; Smith & Huggins, J. Gen. Microbiol. (1982) 128: 307-318; Smith & Huggins, J.
Gen. Microbiol. (1983) 129: 2659-2675; Smith et al., J. Gen. Microbiol. (1987) 133: 1111~
1126; Smith et al., J. Gen. Microbiol. (1987) 133: 1127-1135)); Pseudomonas aeruginosa
(Soothill, J Med. Microhiol. (1992) 37: 258-261; Soothill, Burns (1994) 20: 209-211}),



10

15

20

30

WO 2008/043175 PCT/CA2007/001807

Salmonella enterica serovar typhimurinm (Berchieri et al., Res. Microbiol. (1991) 142: 541-
549); Staphylocoecus aureus (Matsuzaki et al., J. Infect. Dis. (2003} 187: 613-624); and
Vibrio vulnificus (Cerveny ct al., Infect. Immun. (2002) 70: 6251-6262). Using bacteriophage
to treat biofilm-associated infection, however, is problematic because a biofilmy acts as a
diffusion barrier to the phage (Doolittle et al,, Can. .J. Microbiol. (1995) 41: 12-18; Doolittle
et al, fnd. J. Microbiol. (1996) 16: 331-341).

Routes of administration of phage therapy include but are not limited to: oral, aerosol
or other device for dslivery to the lungs, nasal spray, intravenous, intramuscular,
intraperitoneal, intrathecal, vaginal, rectal, topical, lumbar puncture, intrathecal, and direoi
application to the brain and/or meninges. Excipicits which can be used as a vehicle for the
delivery of phage are well known. For example, frce phage could be in lyophilized form and
be dissolverd just prior to administration by IV injection. Dosage of administration is
contemplated to be about 10° pfu/ kg/ day, about 107 plvkg/day, about 10* pfwkg/day, about
10 plwkg/day, about 10'® pturkg/day, about 10" pfwkg/day, about 10'* pfiske/day, or about
10" pfwkg/day. Phage can be administered unti) successful elimination of pathogenic

bacteria is achieved.

With respect to acrosol administration, antimicrobial phage can be incorporated inlo
an aerosol formulation specifically designed for administration to the lungs by inhalation.
Many such acrosols are well known, and the present invention is not hmited Lo any particular
formulation. An example of such an aerosol is the Proventil™ inhaler manufactured by
Schering-Plough, the propellant of which contains trichloromonofluoromethanc,
dichlorodifluoromethane, and oleic acid, Concentrations of propellant ingredients and
emulsificrs are adjusted if necessary based on the phage beiny used in the treatment. The
number of phage to be administered per aerosol treatment can be about 10° pfu, about 107
pfu, about 1 0® pfur, about 10° pfu, about 10'° pfu, about 10" pfu. about 10'% pfu, or about 1013
pfit.

Treatment of Devices

In a further embodiment, a composition(s) of the present invention can be used fo
inhibit the growth and proliferation of biofilm embedded microorganisms on devices, and in
particular, medical devices. The compositions of the present invention can be used in the

preparation of medical devices for implantation in a mammal, A medical device Lo be
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implanted can be coated, incorporated or treated with a composition(s) of the present
mvention, A composition(s) of the present invention can also be used to prevent infections
caused by an implanted medical device, including but not Jimited to urinary tract infections

and vascular infections.

1n on¢ embodiment, a composition comprises DispersinB’™ or an active fragment
thereof in combination with triclosan. An amount of DispersinB"™ included in a composition
1s preferably between about 0.1 and 500 pug/m! and more preterably about 40 pg/ml. The
higher end of this range can be used to prepare a concentrated product which may be diluted
prior to use. The amount of triclosan included in a composition is prefcrably between about
0.1 and 100 mg/m! and more preferably about 10 mg/ml, The higher end of this range can be

used to prepare a concentrated product which may be diluted prior to use,

In another cmbodiment of the present invention, the composition compriscs effcctive
amounts of DispersinB™ and rifampicin. In yet another embodiment of the present
invention, the composition comprises effective amounts of DispersinB™ and cefamandole
nafate, In yet another embodiment of the present invention, the composition comprises

effective amounts of DispersinB™ and nitrofurazonc.

Highcr concentrations of a compound can be used for certain applications depending
on targeted bacteria and a device to be treated.  Suitable working concentrations can ¢asily

be determined using known methods.

In an embodiment of the present invention, wound dressings including but not limited
to sponges or gauzcs can be impregnated with the isolated DispersinB™ protein or active
fragment or variant thereof to prevent or inhibit bacterial or fungal attachment and reduce the
risk of wound infections, Similarly, catheter shields as well as other materials used to cover a
catheter insettion sites can be coated or impregated with a DispersinB™ protein or active
fragment or variant thereof to inhibit baclerial or fungal biofilm attachment thereto.
Adhesive drapes used to prcvent wound infection during high nisk surgeries can be
impregnated with the isolated protein or active fragment or variant thereof as well. Additional
medical devices which can be coated with a DispersinB™ protein or active fragment or
variant thereof include, but arc not limited, central venous catheters, intravascular catheters,
urinary catheters, Hickman catheters, peritoneal dialysis catheters, endotracheal catheters,

mechanical heart valves, cardiac pacemakers, arteriovenous shunts, schleral buckies,
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prosthetic joints, tympanostomy tubces, tracheostomy tubes, voice prosthetics penile
prosthetics, arti{icial urinary sphincters, synthetic pubovaginal slings, surgical sutures, bone
anchors, bone screws, intraocular lenses, conlact lenses, intrauterine devices, aortofemoral
grafts and vascular grafts. Exemplary solutions for impregnating gauzes or sponges, catheter
shields and adhesive drapes or coating catheter shields and other medical devices include, but
arc not limited to, phosphate buttered saline (pH approximately 7.5) and bicarbonate butter
(pH approximately 9.0). In yet another embodiment, an isolatcd DispersinB™ protein or
active fragment or vanant thereol can be incorporated in a liquid disinfecting solution. Such
solutions may further comprisc antimicrobials or antifungals such as alcoliol, providone-
iodine solution and antibiotics as well as prescrvatives. These solutions can be used, for
example, as disinfectants of the skin or swrounding area prior to insertion ovr implantation of
a device such as a cathoter, as catheter lock and/or flush solutions, and as antiseplic rinses for
any mcdical device including, but not limited to catheter components such as needles, Leur-
Lok® connectors, necdicless connectors and hubs as well as other implantable devices. These
solutions can also be used to coal or disinfect surgical instruments including, but not limited
lo, clamnps, forceps, scissors, skin hooks, tubing, needles, retractors, scalers, drills, chisels,
rasps and saws. In a preferably embodiment, the composition comprising DispersinB™, an
aclive [ragment, or a vanant thereof, and triclosan, is used to coat a medical device, such asa
catheter. Allernatively, the composition comprising DispersinB ™, an active fragment or a
variant thercof, and triclosan, can be incorporated into the medical device as it is being made,
lor cxample, through an cxtrusion process. Compositions of the invenlion can be prepared
using known methods. Generally, components are dissolved in a suitable solvent, such as

walter, glycerol, organic acids, and other suitable solvents

Compositions of the invention useful for the treatment of devices may include any
number of well known active components and base materials. Such compositions may
further comprisc ingredients such as, but not limited to: suitable solvents such as water;
antibiotics such antibacterials and antifungals; binding, bonding, or coupling agent, cross-

linking agent; or a pH adjustcr.

Compositions of the invention usefu)] for the trcatment of devices may further
comptrisc additional antimicrobial ingredients such as bis-phenols, biguanides, anilides,
diamidines, halogen-releasing agents, metallic ions, chelating agents, cationic

peptides/polypeptides, N-substituted maleimides, and quatcrnary ammonium compounds.
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Examples of bis-phenols useful for preparing compositions of the present invention include,
but are not limited to, triclosan and hexachlorophene. Examples of biguanides useful for
preparing compositions of the present invention include, but are not limited to, chlorhexidine,
chlorhexidine salts, alexidine and polymeric biguanides. Fxamples ol anilides useful for
preparing compositions of the present invention include, but are not limited 1o, triclocarban.
Examples of diamidines useful for preparing compositions of the present invention include,
but are not limited to, propamidine and dibromopropamidine. Examples of halogen-releasing
agents useful for preparing compositions of the present invenlion include, but are not limited
lo, iodine compounds, silver compounds, silver nannoparticles and halophenols. Examples of
metallic jons uscful for preparing compositions of the present inveation include, but are not
limited Lo, gallivm and other related metal derivatives. Examples of chelating agents useful
for preparing compositions of the present invention include, but are not limited to, lactofcrrin,
ovotransferrin, scrotransferrin, EDTA and EGTA. Examples of cationic
peptides/polypeptides useful for preparing compositions of the present invention include, but
are not limited to, protamine sulfate, lyzozyme and polylysinc. Examples of N-maleimides
useful for preparing compositions of the present invention include, but are not limited: to N-
ethylmalepmde (NEM), 5,5-dithiobis-(2-nitrobenzoic acid)(DTNB), N-phenylmaleimidc
(PheM), N-(1-pyrenyl) maleimide (PyrM), naphthalene-1,5-dimalcimide (NDM), N,N'~(1,2-
phenylenc) dimalemmide (oPDM), N,N'-1,4-phenylene dimaleimide (pPDM), N,N'-1,3-
phenylene dimaleimide (mPDM), and 1,1-(methylenedi-4,1-phenylene) bismaleimide(BM).
Examples of quaternary ammonium compounds useful for preparing compositions of the

present invention include, but arc not limited to benzatkonium chloride, tridodecy! methyl

ammonium chloride, cetrimide and didecyl dimethyl ammonium chioride.

Other possible componcnts of the compeosition include, but are not limited to, buffer
solutions, phosphate buffered saline, saline, polyvinyl, polyethylene, polyurcthane,
polypropylene, silicone (e.g., silicone lassoers and siliconc adhesives), polycarboxylic acids,
(e.g., polyacrylic acid, polymethacrylic acid, polymaleic acid, poly-(maleic acid monoester),
polyaspartic acid, polyglutamic acid, aginic acid or pectimic acid), polycarboxylic acid
anhydndes (e.g., polymaleic anhydride, polymethacrylic anhydride or polyacrylic acid
anbydride), polyamines, polyamine ions (e.g., polyethylenc iming, polyvinylarnine,
polylysine, poly-(dialkylamineoethyl methacrylate), poly-(dialk ylaminomethyl styrene) or
poly-(vinylpyridine), pelyammonium ions (c.g., poly-(2-methacryloxyethyl trialkyl

ammonium ion), poly-(vinylbenzy! trialkyl ammonium ions), poly-(N,N-alkylypyridinium
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ion) or poly-(dialkyloctamethylene ammonium ion) and polysulfonates (¢.g. poly-(vinyl
sulfonate) or poly-(styrene sulfonate), collodion, nylon, rubber, plastic, polyesters, Dacron'™

(polyethylene tetraphthalate), Teflon™

(polytetrafluoroethylene), latex, and derivatives
thereol, elastomers and Dacron (sealed with gelatin, collagen or albumin, cyanoacrylates,
methacrylatcs, papers with porous barricr films, adhesives, ¢.g., hot melt adhesives, solvent
based adhesives, and adhesive hydrogels, fabrics, and crosslinked and non-crosslinked
hydrogels, and any other polymcric materials which facilitate dispersion of the active
components and adhesion of the biofilm penetrating coating to at least one surface of the
medical device. Lincar copolymers, cross-linked copolymers, graft polymers, and block
polymers, containing monomcrs as constitucnts of the above-excmplilied polymers may also

be used.

‘Examples of biofilm embedded bacteria that may be inhibited using compositions
according to the invention include gram-negative bacteria such as, but not limited (o:
Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Klebsiella oxytoca, Providentia stuartil, or Serratia marcescens and gram-positive bactena
such as, but not limited wo: Enterococeus faecalis, Vancomyein Resistant Enterococei (VRE),
Streptococcus viridans, Staphylococeus epidermidis, and Staphylococcus aureus or
Staphviococcus saprophyticus. These bacteria are copunonly found associated with medical

devices including catheters.

Compositions according 1o the invention can also be used to inhibit the growth and
proliferation of biofilm embedded fungus such as Candida albicans, Candida parapsilosis,
and Candidu utilis. Tn another aspect, the present invention provides a method of preparing a
device comprising trcating at least ong surface of the device with an cffective amount of
DispcrsinB"AM, an active fragment or variant thereof, and an cffective amount of triclosan,

according to the invention.

The term "effective” refers 10 a suflicient amount of active components to
substantially prevent growth or proliferation of biofilm embedded microorganisms on at least
onc surface of a medical device coated with an embodied composition; and as a sufficient
amount ol the active components to substantially penetrate, or break-up, a biofilm on at least
one surface of a medical device, thereby facilitating access of active components,
antinticrobial agents, and/or antifungal agents to microorganisms embedded in 2 biofilm, and

thus, removal of substantially all microoreanisms from at lcast one surface of a medical
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device treated with a solution of an embodicd composition. An amount will vary for each
active component and upon known [actors such as pharmaceutical characteristics; type of
medical device; degree of biolilm embedded microorganism contamination; and use and

length of use.

5 Examples of devices that can be treated using the compositions of the invention
include medical devices such as tubing and other medical devices, such as catheters,
pacemakers, prosthetic heart valves, prosthetic joints, voice prostheses, contact lenses, and

intrauterine devices.

Medical devices include disposable or permanent or indwelling catheters, (c.g.,

10 central venous catheters, dialysis catheters, long-lerm tunneled ccntral venous catheters,
short-lerm central venous catheters, peripherally inserted central catheters, periphieral venous
catheters, pulmonary artery Swan-Ganz. catheters, urinary catheters, and periloncal cathelers),
long-term urinary devices, tissue bonding urinary devices, vascular grafls, vascular catheter
ports, wound drain tubes, ventricular cathetcrs, hydrocephalus shunts heart valvces, heart

15 assist devices (e.g., left ventricular assist devices), pacemaker capsules, incontinence devices,
penife implants, endotrachcal tubes, smalt or temporary joint replacements, urinary dilator,
cannulas, clastomers, hydrogels, surgical instruments, dental instruments, tubings, such as
intravenous tubes, breathing tubces, dental water lines, dental drain tubes, and fecding tubes,
fabrics, paper, indicator strips (c.g., paper indicator strips or plastic indicator strips),

20  adhesives (e.g., hydrogel adhesives, hot-melt adhesives, or solvent-based adhesives),
bandages, wound dressings, orthopedic implants, and any other device used in the medical
field.

Medical devices also include any device which may be inserted or implanted into a
huntan being or other animal, or placed at the inscrtion or implantation site such as the skin
25 near the inscrtion or implantation site, and which includc at least onc surface which is

susceptible to colonization by biofilm embedded microorganisms.

Medical devices for the present invention include surfaces of equipment in operating

rooms, emergency Tooms, hospital rooms, clinics, and bathrooms.

Implantable medical devices include orthopedic implants, which may be inspected for

30 contamination or infection by biofilm embedded microorganisms using endoscopy.
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Insertable medical devices include catheters and shunts, which can be inspected without

invasive technmiqucs such as endoscopy.

Medical devices may be formed of any suitable metallic materials or non-metallic
materials. Examples of metallic materials include, but arc not limited to, titanium, and
stainless steel, and derivatives or combinations thereof. Examples of non-metallic matenals
include, but are not limited to, thermoplastic or polymctic materials such as rubber, plastic,
polyesters, polycthylene, polyurethane, silicbne, Gortex™ (polytetrafluorocthylene),
Dacron™ (polyethylcne tetraphthalatc), Teflon™ (polytetrafluorocthylene), latex,
glastomers, and Dacron™ sealed with gelatin, collagen, or albumin, and derivatives or

combinations thereof.

Tn a preferred embodiment, the method of treating at least one surface of a medical
device compriscs contacting a medical device with a composition according to the invention.
As used herein, the term "conlacting” includes, but is not limited to: coaling, spraying,
soaking, rinsing, flushing, submerging, and washing. A medical device is contacted with a
composition for a period of time sufficient to remove substantially all biofilm embedded

microorganisms from a treated surface of a medical device.

Tn a more preferrcd embodiment, a redical device is submerged in a composition for
at least 5 minutcs. Alternatively, a medical device may be flushed with a composition. In the
case of a medical device being tubing, such as dental drain tubing, a composition may be

poured into a dental drain tubing and both ends of the tubing clamped such that the

composition is retained within the lTumen of the tubing. The tubing is then allowed to remain

filled with the composition for a period of time sufficient to remove substantially all of the
microorganisms from at lcast one surface of the medical device, generally, for at Jeast about 1
minute to about 48 hours. Alternatively, tubing may be flushed by pouring a composition
into the lumen of the tubing for an amount of time sufficient to prevent substantial growth of
all biofilm embedded microorganisms. Concentrations of active components in a
composition may vary as desired or nccessary to decrease the amount of time the composition

is in contact with a medical device.

In another cmbodiment of a method for treating a svrface of a device, a composilion
of the invention may also include an organic solvent, a medical device material penetrating

agent, or adding an alkalinizing agent to the composition, to enhance reactivity of a surface of
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the medical device with the composition. An organic solvent, medical device material
penetrating agent, and/or alkalinizing agent are those which preferably facilitate adhesion of a

composition to at least one surface of a medical device.

Another aspect provides a method of coating a composition of the invention onto at
least one surface of a device, Preferably, the device is a medical device. Broadly, a method
[or coating a medical device includes the steps of providing a medical device; providing or
forming a composition coating; and applying the composition coating to at least one surface
of the medical device in an amount sufficicnt to substantizlly prevent growth or proliferation
of biofilm embedded microorganisms on at least one surface of the medical device. In one
specific embodiment, a method for coating 2 medical device includes the steps of forming a
composition of the invention of an effectivce concentration for activating an active
component, thereby substantially preventing growth or proliferation of microorganisms on at
least one surface of the medical device, whercin the composition of the invention is formed
by combining an active component and a base malerial. At Icast one surface of a medical
device is then contacted with a composition ol the invention under conditions wherein the
composition of the invention covers at Icast one surface of the mcedical device. The term
"contacting" further includes, but is not limited to: impregnating, compounding, mixing,

integrating, coating, spraying and dipping,.

In another embodiment of a method for coating a medical device, a composition
coating is preferably formed by combining an active component and a base material at room
lmnpcraturé and mixing the composition fuor a time sufficient to evenly dispcrse active agents
in the composition prior to applying the compasilion to a surface of the device. A medical
device may be contacted with a composition for a period of time sufficient for a composition
to adherc to at least one surface of the device. Alier a composition is applicd to a surface of a

device, it 1s allowed to dry.

A device is preferably placed in contact with a composition by dipping the medical
dcvice in the composition for a period of time ranging from about 30 seconds to about 180
minutes at 3 temperature ranging from about 25°C to about 60°C. Preferably, a device is
placed in contact with a composition by dipping the medical device in the composition for
about 60 minutes at a temperature of about 37°C. A devicc is removed from a composition
and then allowed to dry. A medical device may be placed in an oven or other heated

environment for a period of time sufficient for a composition to dry.
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Although one layer, or coating, of a composition is believed to provide a desired
composition coating, multiple layers are preferred. Multiplc laycrs of a composition are
preferably applicd to at least one surface of a medical device by repeating steps discussed
above, Preferably, a medical device is contacted with a composition three trmes, allowing the
composition to dry on at Icast onc surface of the medical device prior to contacting the
medical device with the composition for each subsequent layer. Thus, a medical device
preferably includes three coats, or layers, of a composition on at lcast onc surface of the

medical device.

In another embodiment, a method for coating medical devices with a composition
coating includces the steps of forming a composition coating of an effeclive concentration to
substantially prevent the growth or prolifcration of biofilm embedded microorganisms on at
least one surface of a medical device by dissolving an active component in an organic
solvent, combining a medical device material penetrating agent to the active component(s)
and organic solvent, and combining an alkalinizing agent to improve reactivity of the matenal
of the medical device. A composition is then heated to a temperature ranging {rom about
30°C 10 about 60°C to enhance adhercnce of a composition coating to at least one surface of
the device. A composition coating is applicd to at least one surface of a medical device,
preferably by contacting the composition coating to the at least one surface of the medical
device lor a sulficient period of time [or the compaosition coaling lo adhere to at least one
surface of the medical device. A medicul device is removed from a conposition coating and
allowed (o dry, preferably, for at least 18 hours at room temperature, A medical device may
then be rinsed with a liquid, such as water and allowed to dry for at lcast 2 hours, and
prelerably 4 hours, before bcihg sterilized. To facilitate drying of a composition of the
invention onto a surface of a medical device, a medical device may be placed into a heated

environment such as an oven.

In another aspcct, the invention provides a method of incorporating a composition
according o the invention into a device. Preferably, a device is a medical device and a
composition is incorporated into a material forming the medical device during formation of
the medical device. For example, a composition may be combined with a material forming
the medical device, e.g., silicone, polyurcthane, polycthylene, Gortex™
(polytetrafluorocthylene), Dacron™ (polyethylene tctraphthalate), and Teflon™

{(polytetrafluorocthylene), and/or polypropylene, and extruded with the material forming the
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medical device, thereby incorporating the composition into material forming the medical
device. In this embodiment, the composition may be incorporated in a septum or adhesive,
which is placed at the medical device insertion or implantation site. Onc example of a
medical device having a composition incorporated into the matcrial forming the medical
device In accordance with this embodiment is a catheter insertion seal having an adhesive
layer described below in greater detail. Another example of a medical device having a
compasition incorporated into the matcerial is an adhesive. A composition of the invention
can be imegrated into an adhesive, such as tape, thereby providing an adhesive, which may
prevent growth or profiferation of biofilm embedded microorganisms on at least onc surface
of the adhesive,

EXAMPLES

TN
BI

Example 1: Effect of Dispersin on biofilm formation

An in vitro microplate assay was performed to determine the effect of DispersinB '™
on the growth and biofilm formation of E. coli, S. epidermidis, and S. aureus. £. coli biofilm
was grown in cofony forming antigen (CFA) medium. Purified DispersinB '™ was obtained
from Jeffrey Kaplan (University of Medicine and Dentistry of New Jersey) and was produced
as described in Kaplan et al., 2003, J. Bacteriol. 185: 4693-4698. 8. epidermidis and S.
aureus biofilm was grown in tryptic soy broth (TSB). Bactenia were separately grown in 96-
well microliterplate in the absence and presence of DispersinB'™ at different concentrations.
The £, coii plate was incubated at 26°C for 24 hours, The 5. epidermidis and §. qureus
biofilm plales were incubated at 37°C for 24 hours. Growth of planktonic ¢ells based on the
absorbance at 600 nm was determined using Labsystems Multiskan Ascent microplate reader.
Biofilm was measured by discarding the medium; rinsing the wells with water (threc times),
and staining bound cells with crystal violct. The dye was sotubilized with 33% acelic acid,
and absorbance at 630 nm was determined using a microtiter plate reader. For sach
experiment, background staining was corrected by subtracting the crystat violet bound to
vninoculated control (Figure 1). The tests showed an appreciable effect by DispersinB™ on

biofilm formation among all the cultures tested.

Example 2: Dispersal of S. epidermidis biofilm by DispersinB’

Dispersal of 8. epidermidis biofilm by DispersinB™ was demonstrated by growing S.

epidermidis biofilm in a tube. The biofilm growth from the surface was scraped from the
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bottom of the tube and transferred to another tube (Figure 2). Under these condition cells
formed a sticky aggregate that rapidly settie to the bottom of the tube. Treatment of the cell
aggregates with DispersinBTM resulted in uniformly turbid cell suspensions indicating that the

trcatment with DispersinB™ dctaches the biofiln.

Example 3: Ephanced inhibitory effcct of DispersinB™ and

Triclosan (TCSN) combination on Staphylococcus epidermidis biolilm

An in vifro microplale assay was performed to detenmne the effect of DispersinB ™
and triclosan (an aptimicrobial agent) on the growth and biofilm formation of S. epidermidis.
An ovemight culture of S. epidermidis in Tryptic Soy Broth (TSB) was uscd as inoculum.
Bacteria were grown in TSB on a 96-wcell microtitcrplate in the absence and presence of each
compotnd (Dispcrsi.rl.BTM or TCSN) at different concentrations separately and together
(DispersinB™ + TCSN). Concentrations of DispersinB™ included 25 ng/ml, 50 ng/ml, and
100 ng/ml, Concentrations of TCSN included 25 ug/ml, 50 pg/ml, and 100 pg/ml. The plate
was mcubated at 37°C for 24 hours. The srowth and biofilm was measurced as explained in
Example 1. The combination of DispersinB™ and TCSN (50 ng/ml + 50 pg/ml,
respectively) showed enhanced inhibitory effect on S. epidermidis biofilm formation (Figure ‘
3.

Example 4: Antimicrobial activity of DispersinB™ and Triclosan (YCSN) combination
against wound infection- associated pathogens

The combined antimicrobial activity of DispersinB'™ and triclosan was studied by
determining minimal inhibitory concentrations (MIC) in a 96 well microtiter platc. Briefly,
scrial two-told dilutions of trilcosan and in presence of DispersinB™ (40 pg/ml) were
performed in TSB. A suspension of each microorganism from Table 1 was added to wells at a
concentration of 5 X 10° CFU/mL, and the microtiter plates were incubated at 37°C. The MIC
was defined, as the lowest concentration of an antimicrobial required for total inhibition of a
test microorganism at 37°C. Triclsoan in combination with DispersinB™ was active against

all the pathogens tested.
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Table 1; MIC of triclosan in the presence of DispersinB™ (40 ug/ml) enzyme against
wound infection associated pathogens
[ Cultures MIC (pg/ml)
S. qureus <(.097
S. epidermidis 3.125
E. faecalis ‘ 100
E. faecium Vancomycin resistant | 25
E. faecium 12,5
E. coli T 6.25
Enterobacter cloacae 25
" P. mirabilis 12,5
K. pneumoniae 25
C. albicans 100 J

Example 5: Enhancing effect of Disnersin.BTM on the sensitivity
of hiofilm-embedded Staphylococcus epidermnidis to antimicrobials

An in vitro biofilm-dispersal assay was performed to determine whetber DispersinB™
increased sensitivity of biofilm-embedded §. epidermidis to rifampicin and/or cefamandole
nafate. §. epidermidis biofilm was grown in 1.5 ml polypropylene microcentrifuge tubes
(200 u1 éulture volume), was ninsed with 200 pl of fresh medium and then treated with 200 pl
medium containing 100 pg/ml ol rifampicin or 0.1 ug/ml cefamandole nafate, each alone or
in combination with 20 pg/ml of DispersinB™. After 3 hours at 37°C, 10 1 of 200 pg/ml
DispersinB ™ was added to each tube, and tubes were incubated for additional 5 min to
detach biofilm. Serial dilutions of cells were plated on TSA. DispersinB™ enhanced the
inhbitory cffect of rifampicin and cefamandole nafate on biofilm-embedded S. epidermidis
(Figures 4 and 5). DispersinB™ dispersed S. epidermidis biofilm and made it susceptible to

rifampicin and cefamandole nafute.

Example 6: Enhancing effect of DispersinBTM on the sensjitivity of

Staphviococcus epidermidis biofibm to nitrofurazone

An in vitro biofilm dispersal assay was performed to determine the effect of
DispersinB™ on enhancing the sensitivity of S, epidermidis biofilm to nitrofurazone (NF), S.

epidermidis biofilm grown in 1.5 ml polypropylene microcentrifuge tubes was rinsed with
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200 pl of fresh medinm and then treated with 200 1] medium containing 25 pg/ml of NF
and/or 20 pg/ml of DispersinB™. Biofilm detachment and plating biofilm embedded cells
were performed as described in Example 5. When DispersinB ™ was used in combination
with NF, there was increased sensilivity of S. epidermidis biofilm to NF (Figure 6). Thus,
the DispersinB™ and NF combination had an enhanced inibitory effect on biofilm-
cmwbedded S. epidermidis. .

Example 7: Enhancin ect of DispersinB™ on the sensitivi taphylococcus
epidermidis biofilm to Bismuth ethanedithiol (BisEDT)

Az in vitro biofilm dispersal assay was performed to determine the effect of
DispersinB™ on enhancing the sensitivity of . epidermidis biofilm to bismuth ethapedithiol
(BisEDT). S. epidermidis biofilm grown in 1.5 ml polypropylene microcentrifige tubes was
rinsed with 200 pl of fresh medium and then treated with 200 pl medium containing 0.5 mM
of BisEDT and/or 20 pg/ml of DispersinB™. Biofilm detachment snd plating biofilm

* embedded cells were performed as described in Example 5. DispersinB™ in combination

with BisEDT increased the.sensitivity of S, epidermidis biofilm to BisEDT (Figure 7). Thus,
the DispersinB™ and BisEDT combination had an enhanced inhibitory effect on biofilm.
embedded S. epidermidis. -

Example §; Enhapein effect of DispersinB™ on the sensitivity of
Staphyvlococcus epidermidis bipﬂlm to ciprofloxacin (CF)

An in vitro biofilm dispersal assay was performed to determine the effcct of
DispersinB™ on enhancing the sensitivity of S. epidermidis biofilm to Ciprofloxacin (CF). $.
epidermidis biofilm grown in 1.5 ml polypropylene microcentrifuge tubes was rinsed with
200 pl of fresh medium and then treated with 200 ul medivm containing 200 p g/ml of CF
and/or 20 pug/ml of DispersimB™. Biofitm detachment and plating biofilm embedded cells
were performed as described in Example 5. DispersinB™ in combination with CF increased
the sensitivity of .S. epidermidis biofilm to CF (Figure 8). Thus, the DispersinB™ and CF
combination had an enhariced inhibitory effect on biofilm-embedded S. epidermidis.

" Example 9: Effcct of DispersinB™ on the sensitivi of
Staphylococcus epidermidis biofilm to Jactoferrin (LD

An in vitro biofilm dispersal assay was performed to determine the effect of
DispersinB™ on the sensitivity of §. epidermidis biofilm to lactoferrin (LA£). 5. epidermidis
biofilm grown in 1.5 ml polypropylene microcentyi fuge tubes was rinsed with 200 pl of fresh
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medium and then treated with 200 pl medium containing 5 mg/ml of Lf and/or 20 pg/ml of
DispersinB™. Biofilm detachment and plating biofilm embeddcd cclls were performed as
described in Exaraple 5. DispersinB™ in combination with L£, did not increase the
sensitivity of S. epidermidis biofilm Lo Lf (Figure 9). Thus, the DispersinB ™ and Lf
combination did not have an enhanced inhibitory effect on biofilm-embedded S. epidermidis.

Example 10: Enhancing effect of DispersinB™™ on the sensitivity of Staphylococeys
epidermidis biofihy to conalbumin/ovotrapsierrin (OT)

An in vitro biofilm dispersal assay was performed to determine the effect of
DispersinB™ on enhancing the sensitivity of S. epidermidis biofilm to ovotransferrin (OT).
S. epidermidis biofilm grown in 1.5 ml polypropylene microcentrifuge tubes was rinsed with
200 pl of fresh medium apd then treated with 200 pi medium containing 10 mg/ml of OT
and/or 20 pg/ml of DispersinB™. Biofilm detachment and plating biofilm embedded cells
were performed as described in Examiple 5. DispersinB™ in combination with OT slightly
increased the sensilivity of S. epidermidis biofilm to OT (Figure 10). Thus, the DispersinB™
and OT combination had a slightly enhanced effect on biofilm-embedded S, epidermidis.

Example 11; Effect of DispersinB™™ on the sensitivity of
Staphylococcus epidermidis biofilm to gallium (XTT) nitrate

An in vitro biofilm dispersal assay was performed to determine the sffect of
DispersinB™ on enhancing the sensitivity of §. epidermidis biofilm to gallium (IIT) nitrate, S,
epidermidis biofilm grown in 1.5 ml polypropylene microcentrifuge tubes was rinsed with

200 nl of fresh medium and then treated with 200 pl medium containing 5 mg/ml of gallium
(Tt nitrate and/or 50 pg/ml of DispersinB™. Biofilm detachment and plating biofilm
embedded cells were performed as described in Example 5. DispersinB™ in combination
with gallium (TTT) nitrate did not increasc the sepsitivity of §. epidermidis biofilm to gallium
(JID) nitrate (Figure 11). Thus, DispersinB™ and gallium (I11) nitrate combination did not
have an enhanced inhibitory effcct on biofilm-embedded S epidermidis,

Example 12; Enhancing effect of DispersinB™ on the sepsitivity of
Staphylococcus epidermidis biofilim to chitosan

An in vitro biofilm dispersal assay was performed to determine the effect of
DispersinB™ on enhancing the sensitivity of 8. epidermidis biofilm to chitosan. §.
epidermidis biofilm grown in 1.5 ml polypropylene microcentrifiige tubes was rinsed with
200 pl of fresh medium and then treated with 200 i medium containing 2 mg/ml of cbitosan
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and/or 20 pg/m) of DispersinB ™. Biofilm detachment and plating biofilm embedded cells
were performed as described in Example 5. DispersinB™ in combination with chitosan
shghtly increased the sensitivity of S. epidermidis biofilm to chitosan (Figure 12). Thus, the
DispersinB™ and chitosan combination had a slightly enhanced inhibitory effect on biofilm-
embedded §. epidermidis.

Example 13: Effect of DispersinBTM and Epigallocatechin gallate (EGCG) on biofilm
formation of Staphvlococcus epidermidis and Staphylocaccus aureus

An in vitro microplate assays were performed to determine the effects of a
DispersinB™ and EGCG combination on the growth of biofilm embedded S. epidermidis
and S. aureus. Overnight cultures of each bacterial strajn grown in Tryptic Soy Broth (TSB)
were used as moculum. Biofilm was developed in TSB on a 12-well microplate in the
absence and presence of each Lest compound (50ng DispersinB™ or 100 ng/ml ECCG)
separately and together CDispersinBTM+EGCG). The plates were incubated at 37°C for 24
hours. Medium containing planktonic cells in each well was removed gently and rinsed with
sterile water. A known volume of water was added to each well and sonicated for 30 scconds.
The contents of each well was transferred into a sterile tube, vortexced for a minute, followed
by 10-fold serial dilution, and plated on agar Plates using a spreader. Alter incubating the
plates at 37°C for 24 howrs, colony forming units (CFU) were counted. Although EGCG was
more effective than DispersinB™ in inhibiting the growth of biofilm embedded test
micfoorganisms, together the combination of DispersinB™ and ECCG djd not have an
enhanced inhibitory effect on biofilm-embedded S, epidermidis and S. aureus (Figures 13
and 14).

Example 14: DispersinB™ increased the sensitivi of biofilm-embedded
Staphylococcus epidermidis to tri closan

An in vitro biofilm dispcrsal assay was performed to determine the effect of
DispersinB™ on the sensitivity of a S. epidermidis biofilm to triclosan, A S, epidermidis
biofilm grown in 1.5 m! polypropylene microcentrifuge tubes was rinsed with 200 ul of fresh
medium and then treated with 200 ul medium containing 1 mg/m! of triclosan and/or 20
pg/ml of DispersinB™. A biofilm dispersal assay was performed as described in the
Example 5. When DispersinB™ was used in combination with triclosan, sensitivity of
biofilm-embedded S. epidermidis to (riclosan increased (Figure 15). The DispersinB™ and
triclosan combination had an enhanced inhibitory effect on biofilm-embedded S. epidermidis,
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Example 15; Enhancing effect of DispersinB™" on the sensitivity of biofilm-exshedded

Staphylococcus gpidermidis to sodinm uspate

An in vitro biofilm dispersal assay was perfonned to determinc the effect of
DispersinB™ on the sensitivity of S, epidermidis biofilm to sodium usnate. A §. epidermidis
5  biofilm grown in 1.5 ml polypropylene microcentrifuge tubes was rinsed with 200 pl of fresh
medium and then treated with 200 pl medjum containing 500 pg/mi of sodium usnate and/or
50 pg/mi of DispersinB™. A biofilm dispersal assay was performed as desctibed in Example
5. When DispersinB™ was uscd in combination with sodium usnatc, the sensitivity of
biofilm-embedded S. epidermidis to sodium usnate increased (Figure 16). The DispersinB™

10 and sodjum usnate combination had an enhanced cffect on biofilm-epsbedded S, epldermidis.

Example 16: Antimicrobial actjvity of DispersinB™ and Triclosan (TCSN) combination

against clinical isolates of wound -associated pathogens

The antimicrobial activity of DispersinB™ and triclosan combination was studied by
determining the minimal inhibitory concentrations (MIC) in 96 well microtiter plates as
15  described in Example 4. Triclosan in combipation with DispersinB™ was active against all
the pathogens tested (Table 2).

Table 2: MIC of triclosan in the presence of DispersinB™,40 yg/ml) enzyme for clinical
isolates of wound-associated pathogens

Cultores MIC (ng/mb
S. aureus Gav 16A < (.39

§. aureus 120 <0.39

S. aureus 63 "1 <0.39
Coagulase-negative staphylococci (CNS 11) | 25

CNS 82 < 0.39

CNS 42 0.625 ]

20

Example 17;: Enhanced inhibitory cffect of DispersinB™ and Triclosan (TCSN)
combination on Coagulase-Negative Staphvlococci (CNS) Biofilm

An in vitro microplate assay was performed to determine the effect of DispersinB™

and triclosan combination on the growth and biofilm formation of coagulase-negative
25 Staphylococei-42 (CNS-42). The experiment was performed as explained in Example 1. The
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combination of DispersinB™ and ‘TCSN (100 ng/ml + 1.25 pg/ml, respectively) showed
enhanced inhibitory effect on CNS-42 biofilm formation (Figure 17).

Example 18: Enhancing effect of DispersinB™* on the sensitivity of
biofilm-embedded Staphylococcys epidermidis to S-fluorouracil

An in vitro biofilm dispersal assay was performed to determine the effect of
DispersinB™ on the sensitivity of biofilm-embedded S. epidermidis to 5-fluorouracil (5-FU).

S. epidermidis biofilm grmizn in 1.5 ml polypropylene microcentrifuge tubes was rinsed with
200 pl of fresh medium and then (reated with 200 pl medium containing 100 ug/ml of 5-FU
and/or 20pg/ml of DispersinB™. Biofilm detachment and plating biofilm embedded cells
were performed as described in Examnple 5. When DispersinB™ was used in combination
with 5-FU, there was increased scasitivity of biofilm-embedded S, epidermidis to 5-FU
(Figure 18). Thus, the DlspersmBm and 5-FU combination had an enhanced inhibitory
effect on bmﬁlm—embcdded S. epidermidis.

Example 19: Increased suscebtility of biofilm-embedded Staphylococcus epidermidis
pretreated with DispersinB"" to killine by SDS
An in vitro biofilm assay was performed to determine the effect of Dispersin™ pre-
treatment on the suscepnbxllty of §. epidermidis to SDS. §. epidermidis biofilm grown in
tubes were pretreated with PBS or DispersinB™ (20 pg/ml) for 30 min, and then treated with
SDS (0.2 mg/ml) for 5 min at 37°C. The untreated, DispersinB™ alone, or SDS alone did not

significantly kill biofilm-embedded 5. epidermidis (Figure 19). However, SDS caused a 1.5
log unit decrease in the number of CFUs in tubes pretreated with DispersinB™ pre-treatment

made biofilm embedded cells more susceptible to SDS. This shows that sequential
application of DispersinB™ enzyme and an antimicrobial agent is possible, when an
antimicrobial agent is not compatible with the enzyme.

Example 20: Increased susceptibili of biofilm-embedded Staphylacoccus epidermidis
pretreated with DispersinB”" to killing by Chlorhexjdine (CHX)

An in vitro biofilm assay was performed to determine the effect of DispersinB™ pre-
treatment on the susceptibility of biofilm-embedded . epidermidis to CHX. . epidermidis
biofilm grown in tubes were pretreated with PBS or DispersinB™ (20 ug/ml) for 30 min, and
then treated with CHX (0.2 ﬁg/ml) for 5 min at 37°C. The untreated, DispersinB™ alone, or
CHX alone did not significantly kill S. epidermidis biofilm (Figure 20). However, CHX
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caused a 1.6 log decrease of CFU in tubes pretreated with DispersinB™. Dispersin3™
pretreatment made biofilm-embedded cells more susceptible to CHX. This shows that
sequential application of DispersinB™ enzymc and an antimicrobial agent is possible, when

an antimicrobial agent is not compatible with the enzyme.

An in vitro biofilm assay was performed to determine the effect of DispersinB™ pre-
treatment on the susceptibility of S. epidermidis to BKC. S, epidermidis biofilm grown in
tubes werte pretreated with PBS or Dispersin8™ (20 pgfml) for 30 min, and then treated with
BKC (0.4 pg/ml) for 60 min at 37°C. The untreated, DispersinB™ alone, or BKC alone did
not significantly kill biofilm-embedded S. epidermidis (Figure 21). However, BKC caused a
2.2 log decrease in CFU in tubcs pretreated with DispersinB™. DispersinB™ pre-treatment
made biofiim-embedded cells more susceptible to BKC. This shows that sequential
application of DispersinB™ enzyme and an antimicrobial agent is possible, when an
antimicrobial agent is not éompatible with the enzyme.

Example 22: Enhanced jnhibitory effect of DispersinB™ and EDTA combipation on

biofilm-emmbhedded Staphylococcus epidermidis

An in vitro biofilm assay was performed to determine the effect of DispersinB™ apd

EDTA on the growth and biofilm formation of S, epidermidis. The experiment was
performed as explained in Example 1. The 100 ng/ml DispersinB™ in combination with
EDTA at two concentrations 'such as 25 ug/ml and 50 pg/ml showed enhanced mhibitory
effect on S. epidermidis biofilm formation (Figure 22).

An i vifro biofilm assay was performed 10 delermive the effect of DispersinB™ pre-
treatment on susceptibility of S. epidermidis to silver nanopowder (SNP). §. epidermidis
biofilm grown in tubes were pretreated with PBS or DispersinB™ (20 pg/ml) for 30 min, and
then treated with SNP (0.03125 pg/ml) for 60 min at 37°C. The untreated, DispersipB™
alone, or SNP alone did not significantly kill biofilm-cmbedded 5, epidermidis (Figure 23),
However, SNP caused a 1.5 log decrease in CFU in tubes pretreated with DispersinB™.
DispersmB™ pre-treatment made biofilm embedded cells more susceptible to SNP treatment.
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This shows sequential application of DispersinB™ enzyme and an antimicrobial agent is

possible, when an antimicrobial agent is not compatible with the enzyme.

Example 24: Enhanced susceptibijlity of biofilm-embedded E. coli to a combination

therapy of DispersinB™ and bacteriophage
An E. coli biofilm was tested for survival after treatinent with bacteriophage,

DispersinB™, a bacteriophage cocktail, and a combination of DispersinB™ and a

bacteriophage cocktail.

E. coli TRMG1655 [csrA::kan®] strain was transformed with transposon, mini-TN5
fuxCDABE: kan' for luciferase expression (Kadurugamuwa et al., 2003, Tnfect. Immun. 73
3878-3887), and the operon integrated into the chromosome. Integration was confirmed by
amplification of the genomic DNA upstream of the transposon by inverse PCR using Sspl-
digested genomic DNA. Primers UTCF1 (53-GTGCAATCCATTAATTTTGGTG-3" SEQ ID
NO:13) and UTCR (5~CATACGTATCCTCCAAGCC-3" SEQ ID NQ:14) were used 1o
amplify the upstream region using Pfie DNA polymerase (Sigma-Ofi gosynthesis, St. Louis,
MO). The Jux operon is derived from Photorhabdus luminescence and was obtained from
Xenogep Inc. (Alameda, CA). These bioluminescent bacteria allow real-time monitoring by

nomnvasive imaging of biofilms, either in vitro or in vive.

A cell suspension of 10° E. coli esrd luxCDABE kan® was used to inoculate a filter
disc (Millipore Corporatien, Billerica, MA). The £. coli biofilm was maintained in minimal
media (M9) supplemented with 50 pg/ml kanamycin and 100 ug/ml ampicillin. The media
were changed every day by transfering the disc to new plate. After 3 days,
chemoluminescense activity of the established biofilm was measured using a Typhoon™
imaging scanner (General Electric Healthcare Life Sciences) and ImageQuant TL software
(Amersham Biosciences, Sunnyvale, CA). The measure luminescence directly correlates
with the metabolic activity of the biofiln.

Luminescence was measurcd at day 0 and was used as the coptrol. Following the
measurement of lumincscence at day 0, each disc was treated with one of the following--

media alone (control) and media containing:

1) 50 pg/ml DispersinB™:
2) 10* FF3;
3) 10° K20;
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Luninescence was measured every 24 hours followed by replacing the media. Thus,

every 24 h following the measurement of the luminescence, 10 pl each of the different
solutions was applied to the plate and the biofilm disc was placed on top of the drop

everyday. The quantitative analysis of the biofilm Tuminescence from each day was used to

compare the biofilm activity after treatment with the different treatments. Table 3

(corresponds to Figure 24) provides the raw data as measured in relative light anits (RLU

These data show the relative increase or decrease in ITuminescnence after the particufar

treatment.
Table3
Treatment Day0d Dayl
Control 948.72 1131.8

DispersinB™ 948,72 1167.19
DispersinB™ :
+Phage Cocktail 948.72 2442

Phage Cocktail — 948.72 287.82
FF3 948.72 25272
K20 948.72  449.21
T7 948.72 212.8

U3 94872  321.62

Day 2
1135.14
1297.42

29.48
974.62
684.26
522.73
987.28
803.7

Day 3
1447.05
1487.76

22.72
1508.72
1072.27
742.37
1217.28
1057.51

Day 4
1520.07
1550.01

18.99

1381.05
1186.36
1196.76
1457 48
1283.72

The experiments were repeated using the same E, coli strain asrd luxCDABE kan' and

protocols. Biofilm discs were pulsed with media alone (control) and media containing:

1) BisEDT (50 pg/ml);

2) BisEDT (50 pg/ml) plus a phage cocktail of 108 of K20, FF3, T7, and U3:

3) BisEDT (50 ug/ml) plus 50 pg/m] DispersinB™:

4) BisEDT (50 pg/ml) plus 50 pg/ml DispersinB™ plus a phage cocktail of 108 of
sp

K20, FF3, T7, and U3;

5) aphage cocktail of 10* of K20, FF3, T7, and U3;

6) 50 pg/ml Dispersin3™; and

75 50 pg/ml Dispersinl3™ plus a phage cocktail of 10° of K20, FF3, T7, and U3.
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Table 4
Day 0 Day 1 Day 2 Day 3 Day4
Conttol 1815.26 2151.4 1864.41 231877 2096.8
BisEDT . 1815.26 24527 83.51 8.02 47.62

BisEDT+Cocktail 1815.26  256.32 25.11 253 13.1

BisEDT+

DispersinB™ 1815.26 411 3208 1335 5.52
BisEDT+

DispersinB™

+Cocktail 1815.26 0.22 3.16 6.7  22.77
Cocktail 181526  188.3 899.35 148575 2127.73
DispersinB™ 181526 2137.73 1911.9 2082.02 2032.06
DispersinB™

+Cocktail 181526 287.93 462.37 52127 42925

The data indicate that the combination of DispersinB™ and an antimicrobial agent,
including phage), provides a longer term anti-biofilm effect. Phage therapy alone produces
an initially large decrease in RLU followed by a steady increase over time back to control
levels. However, the combination of Dispersian and phage therapy produces a sharp

decrease in RLU, which is maivtained over 4 days.

Example 25: Phage Display of DispersinB™™

In the present work, we introduce ‘bioﬁlm dispersal capabilities to phage by
expressing DispersinB™ on the phage surface (phage display of DispersinB™), This allows
the production of DispersinB™ at the site of bacterial infections using phage replication
machincry that infect bacteria, and controls specically 1argeted pathogenic bacteria. Choosing

a lytic phage for displaying DispersinB™ helps to dissolve bacterial biofilms and facilitate

the movement of phage to a host organism. Conversely, using a temperate phage (lysogenic)

for displaying DispersinB™ would not eliminate host bacteria but allow constant

multiplication of phage-displayed DispersinB™ at the infection site and thereby helping to

65



10

15

20

25

30

WO 2008/043175 PCT/CA2007/001807

dissolve bacterial biofilm more rapidly. Once the biofilm is dissolved, the bacteria at the

infection site are easily accessible to antimicrobial compounds and phages.

Application of phage-displayed DispersinB™ has certain advantages over purified
DispersinB™ for infection control. Tn general, phages replicate at the site of infection and are
available in abundance where they are most required (Smith & Huggins, 1982). Use of phage
displayed DispersinB™ eliminates time consuming, expensive and elaborate purification
process that is required for bmduclion of pure DispersinB™, Purified DispersinB™ has a
shelf life of approximately 12 months. Once phage-displayed DispersinB™ is applied to an
infection site, the phage should multiply exponentially using existing host bacteria, and
progressively and effectively dissolve the biofilm by reaching its deeper layers. As an
additional advantage, displaying DispersinB™ on lytic phages facilitates Iytic phage to
dissolve biofilm and kill biofilm-embedded bacteria. Furthermoare, a specifically targeted
bacterial species can be eliminated and biofilm can be dissolved by choosing specific lytic
phages to display DispersipBTM.

The Iytic phage X and the lysogenic phage M13 are modified to display DispersinB™
on their surfaces to test this hypothesis.

Materials and methods
Creation of recombinant phage A, M13, and plasmid vectors for DispersinB™ display

Head decorating protein gene I (gpD) and left arm fragments (nucleotide position 1-
100086, and 20040-33498) of bacteﬁopbage A, lamB gene of E. coli, rrmB terminator
sequence of plasmid vector pQEG0, gene VIII and III sequences of M13 phage, DispersinB™
gene of 4. actinomycetemcomitans are amplified by PCR. Specific restriction sites, linker
sequencé (GGGSGGGS), and Prae sequences are incorporated to PCR fragments with

oligonucleotide primers.

The pfit DNA pol ymerase, Klenow fragment of DNA polymerase, and restriction
endonucleases are purchased from MBI Fermentas (Burlington, ON, Canada). T4 DNA ligase
and SIm'Imp Alkaline Phospholase (SAP) are from New England Biolabs (Mississauga, ON,
Canada) and Roche Diagnostics (Laval, QC, Canada), respectively. Syntbetic
oligonucleotides are obtained from Sigma Genosys (Qakville, ON, Canada). All enzymatic

reactions and in vitro packaginga re performed according to manufacturers’ instructions. £,
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coli cells are transformed by heat shock using frozen competent cells prepared using calcium
chloride method described in Molecular Cloning (Sambrook et al., 2001). Plasmid DNA 18
extracted {rom E. coli following the alkaline lysis method of Sambrook et al. (1989).
Bacteriophage DNA 1s extracted following the proteinase K and SDS method described in
Molecular Cloning (2001). A Initially the recombinant bacteriophage M13-VIII
DispersinB™ and M13-111 DispersinBTM are introduced to host bacteria by electrbporation.

Plasmid pIPPersinE1MeD-1 anq pQeeDDispeninBTM-2 o1 high copy number plasmids with
cloned DispersinB™ fused to the N-terminus and C-terminus, respectively, of gpD gene and
expression is controlled in both plasmids by the Pa. promoter (Figure 25), To aid purification
of the fusion protein, the DispersimB™ gene in vectors pRP PnBTMID1 o 4 1 QEpDDispersinBTM-2
carry a histidine tag (6xHis) at their N- and C-terminus, respectively. Z.DispefsinBTMng'l
and AgpD DispersinB™ 2 develop by incorporating promoterless DispersinB™ -gpD and
gpD- DispersinB™ fusion cassettes of pQUUPssmBT™MenD1 o) 4 | QapiDispershiT™-2 respectively. In
both A DispersinB™ ng'? and AgpD DispérsinB™ %, the expression of the DispersinB™
fusion peptide is under the expression signal of the original gpD promoter. Since the epD
gene of phage A DispersinB™ gpD™ and AgpD DispersinB™ 2 are replaced with
DispersinB™ -gpD, 100% of head decorating protein molecules carry DispersinB™ as a
displayed protein. Phage ?(.ng- is defective in infection since the gpDD gene is deleted. AgpD-
can become infective by trans supply of the D protein. Therefore, Agi:D— 15 used for screening
expression cassettes (i.e, pQP THETMED1 [ QepDDispersinbTM-2 pQDispersmBMgpD-3.

pREPOLpersinBIMAy gy produce the DispersinB™ -gpD fusion (Figures 25 and 26). Plasmids
p™*OSVI ang PRALDSI are hioh copy number plasmids that carry DispersinB™ inserted
between the leader sequence and the sequence that codes for the mature protein of coat
proteins VII and I, respectively, of phage M13 (Figure 27). Both cxpression cassettes are
under the control of the P promoter, and the 7B terminator sequence is piaced before the
Piec promoter to terminate any transcription from upstream promoters. To aid purification of
the fusion protein, the DispersinB"™ gene in vectors p2#-05V!! gng PEIOSI (o o histidine
tag (6xHis) at theit N terminus. Phage M13-VIII DispersinB™ and M13-TII DispersinB™
carry the DispersinB™ expression cassettes of pP8-DSVIN gp,g pB3IOSIT respectively (Figure
27). Since both phages M13-VIII DispersinB™ and M13-11 DispersinB™ also carry their
wild type copy of genes VI and I1L, only a fraction of major coat protein VI and minor
coat protein I of M13-VTII DispersinB™ and M13-IIT DispersinB™, respectively, are fused
1o DispersinB™.

f
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Growth of bacteria and Phage

All bacterial strains are cultured at 37°C with agitation at 200 rpm in LB medium that
contains 10 g/L each of bactotryplone, 10 g/L sodium chioride, and 5 g/L yeast extract in
prepared 11 distilled deionized water.

Stocks of M13 phagbs are prepared by first inoculating 20 ml LB culture with 1 ml
from 2 fresh ovemight culinre of host bacteria. The culture is shaken {or 1 hr, afier which
10%° p]aqué forming units (pfu) of the phage are added and the culture is shaken for an
additional 3 hrs. The culture is cleared by centrifugation, and phage are precipitated by
addition of 4% (w/v) polyethylene glycol (PEG) 8000 and 3% NaCl (w/v), incubating on ice
for 1 hr, and centrifugation at 10000 rpm for 30 min. The phage pellet is resuspended in 1 mi
PBS (50 mM phosphate, pH 7.2, 150 mM NaCl) and is microcentrifuged to pellet the debris.

The supernatant containing phage is transferred to new tube.

Stocks of A phages atc prepared by infecting 0.1 ml fresh ovemight culture of host
bacteria cultured in LB with 10° pfir of the phage in 50-100 ul volume. The infected culture is
incubated for 20 min at 37°C in 4 m] of LB with vigorous shaking until the cells are
completely lysed, usually for 8-12 hrs. The iysate is supplemented with 100 1! of chlotoform,
incubating for 15 minutes at 37°C, and is centrifuged at 4000 g for 10 minutes at 4°C, The
supcmata;nt containing phage is separated and further purified by centrifugation through a
glyceerol step gradient (40% & 5%) at 35000 rpm for 60 minutes at 4°C.

The oncentration of phage in final stocks is determined by extracting DNA and
subjecting the samples to'electrophoresis on 1% agarose gels, where known quantities of
similar DNA is used as standards. Plaque-forming units per ml are calculated with soft agar

overlay method.
Purification of DispersinB™ and DispersinB™ -phage fusion proteins

E. coli Tuner (DE3)pLacl are transformed with plasmids expressing DispersinB™. A
single cglony carrying transformed plasmid is cultured in 500 ml LB media containing 50
mg/L ampicillin and used for extraction of DispersinB™. Bacterial cells are harvested by
centrifugation at 5000 rpm for 15 minutes, and the cell pellet is taken up in 20 ml of lysis
buffer (20 mM Tris-HCY (pH 8.0, 500 mM NaCl, 1 mM PMSF, 2 mg/ml lysozyme 0.1%
Tgepal™). Cells are disru#ted by sonication three times, each 10 seconds at 30% capacity. The
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cell lysate is supplemented with RNaseA and DNasel to a final concentration of 10 pg/ml and
5 pg/ml, réspective]y, and is incubated for 30 minutes at room temperature with gentle
agitation. The cell debris is pelleted by centrifugation at 13000 rpm for 30 minutes, and the
clearcd lysate is used for isolation of DispersinB™ by Ni-aFfinity chromatography. The clear
cell lﬁMe is passed through a colummn packed with Ni-CAM ™ HC Resin (10 cm pack
volume) apnd is equilibrated with wasb buffer (20 mM Tris-HCI (pH 8.0), 500 mM NaCl).
The column is washed with 3 colunin volumes of wash buffer containing 5 mM immidazole
followed by another 3 column volumes of wash buffer containing 20 mM immidazole.
DispersinB™ is eluted in one m} [ractions with 20 mi elution buffer (wash buffer containing
100 mM immidazole), DispersinB™ containing fractions are pooled and dialyzed against 4
L ol 100 M phosphate buffer (pH 5.9) containing 200 aM NaCl. Purified DispersinB™ is
stored in storage buffer (50 mM Phosphate buffer (pH 5.9), 50 mM NaCl, 50% Glycerol) at -
20°C.

DispersinB™ enzyme assay

The activity of DispersinB™ displayed on phage and purified DispersinB™ fusion
peptides is measured by following the f3-1 SO-N-acetyl D-glucosaminidase (DispcrsinBTM)
assay as described by Kapian ct al. (2003, J. Bacteriol. 185: 4693-4698). The enzyme
reaction is carried out in total 1 mL reaction volume that contains 500 pl of 10 mM substrate
stock (5 mM 4-nitrophenyl N-acetyl-D-glucosaminide), 3.7 pg DispersinB™ solution or
known volume of purified DispersinB™ display phage, 50 mM sodinm phosphate buffer pH
59 contammg 100 mM NaCl and ddH;0 to bring the total reaction volume to 1 ml. The
reaction mix is incubated at 30°C for 30 min and supplemented with 5 pl of 1 ON NaOH to
stop enzyme reaction. The amount of p-nitrophenol produced in the reaction is determined
spcctrophotoméuically at 403 wn using a standard curve constructed.

Cell Count Assay

A fresh overnight culture of bacteria grown in LB is diluted to 5% in LB, and 1.8 ml is added
per well of 12-well tissuc culture polystyrene plates (Corning Inc., New York, NY). 200 pl of
different' dilutions of an aqueous test solution containing purified DispersinB™ or its fusion
peptides or phages with or without displayed DispersinB™ are added per well individually.
200 ul water is added to negative coptrol wells. After incubating for 24 hrs, the medium
containihg planktonic cells in each well is removed, and the biofilm is rinsed with PBS. After
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adding 2 ml of PBS to each well, the plate is sonicated for 1 minute, and the dislodged
biofilm is mixed well with the pipette tip. The 1 ml suspension from each well is then serially
diluted and 100 pl aliquots.from cach dilution are inoculated to LB plates. The plates are
incubated at 37°C for 24 hrs, and colopies are enumerated. Biofilm assay Fresh overnight
grown cultures are diluted to 5% in LB medium, and 180 pl are added to each well of a 96-
well microtiire plate (C’orn'ing ﬁ1c.). 20 pl of different dilutions of an aqueous test solution
containing purified DispersinB™ or DispersinB™ -phage fusion peplides or phages with or
with out displayed DispersinB™ are added to microtiter plate wells individually. dd H,0
serves as control. The plates are incubated at 37°C for 16-18 h under stationary condition and
the growth is measured at 600 nm. Biofilm formation is determined b.y measuring the
absorbance at 630 nm. Biofilms are assayed by crystal violet staining, as described by
Jackson et al. (2002, J. Bacteriol. 184: 290-301.).

Example 26: DispersinB™in combination with detergents

A major componeat of the 4. actinomycetemcomitans biofilm matrix is a hexosamine-
rich polysaccharide that is functionally and genetically related to extracellular polysaccharide
adhesins produced by S. aureus. S. epidermidis, E. coli and A. plenrop'neumoniae (Kaplan et
al., 2004). These polysaccharidcs, usually referred to as PNAG, PIA (polysaccharide
intercellular adhesin), or PGA, consist of linear chains of N-acetyl-D- glucosamine (GIcNAg)
residues in B(1,6) linkage (hereafier referred to as PGA). PGA has been shown to play a role
in abiotic surface attachment and intercellular adhesion (Wang et al., J Bacteriol. 186: 2724-
2734 (20:04); Izano et al,, Mz‘c;vb. Pathogen. 43: 1-9 (2007); Agladze et al., J. Bacteriol. 187:
8237-8246 (2005); Heilmann et al., Mol. Microbiol. 20: 1083-1091 (1996); McKenney et al.,
Infect. Immun. 66: 4711-4720 (1998)), protection from killing by antibiotics, antimicrobial
peptides and phagocytes (Izano et al., 2007; Vuong et al., Cell. Microbiol. 6: 269-275 (2004))
and virulence (Kropec el al., fufect. Immun. 73: 6868-6376 (2005)). Tn A.
actinomycetemcomitans, PGA has been shown to mediate intercellular adhesion and
resistance to killing by the aniconic detergent sodium dodecyl sulfate (SDS) (Kaplan et al., -
2004).

The effect of a detergent on the Sensitivity of biofilm-embedded 4.

actinomycetemecomitans was investigated.
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Methods

Reagents. Recombinant dispersinB protein was purified from an overexpressing
strain of E. coli as previonsly described (Kaplan e? al., J. Bacteriol, 2003, 185: 4693-4698).
The enzyme had a specific activily of ~ 10 units per mg of protein. Sodium dodecyl sulfate
(SDS) was purchased from Fluka (St. Gallen, Switzerland). Phosphate-buffered saline (PBS;
138 ;mM NaCl, 10 mM phosphate, 2.7 mM KCl, pH 7.4) was purchased from Sigma
Chemical . Company (St. Louis, MO, USA).

Bacterial strains, media, and growth conditions. A. actinomycetemcomitans strain
CU1000 (serotype ) was isolated from a 13-year-old African-American female with
localized aggressive periodontitis (Fine et al., Microbiol. 1999, 145- 1335-1347). Strain
CU1000 exhibits a rough-textured colony morphology on agar and a strong biofilm formation
phenotype in broth, both of which are characteristic of fresh clinical isolates (Fine ef al.,
1999). An isogenic PGA mutant strain HW1018 (CU1000 pgaC::15903¢Kan) was isolated
by randomly mutagenizing CU1000 with transposon IS903¢Kan and selecting mutants that
produced white colonies on Congo red agar, as previously described (Kaplan ef al., 2003;
Kaplan et al,, J. Bacteriol. 2004, 186: 8213-8220). Like other pgaC mutant strains, HW1018
was completely deficicnt in PGA production, but still formed tenacious biofilims on plastic
surfaces (Kaplan er al., 2004). Bacteria were grown in trypticase soy broth supplemented
with 6 g yeast extract and 8 g/L glucose. Solid medium was supplemented with 15 g/ agar.
All cultures were incubated statically at 37°C in 10% CO,.

Preparation of Inocula. Approximatcly 10 colonies from a 48-hour-old agar plate
were transferred to a 1.5-mL polypropylene microcentrifuge tube contaiming 200 L of fresh
broth. The cells were homogenized with 10 strokes of a disposable pellet pestie (Kontes),
transferred to a 15-mL conical centrifuge tube containing 2 mL of fresh broth, subjected to
high—speéd vortex agitation for 15 sec, and then passed through a S-um-pore-size PVDF
syringe filler (Millipore). The resulting filtrate (~ 1 mL) contained > 99% single cclls at a
concenﬁtion of 107 to 10° colony-forming units (CFUYmL (Kaplan & Fine, Appl. Environ,
Microbiol. 2002, 68: 4943-4950).

Biofilm Cultures. Biofilms were grown in 17 mm x 100 nun calture tubes (untreated
polystyrene; Falcon #352051) or 96-well microtiter plates (tissueculture-treated polystyrene,
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fiat bottoms; Falcon #353072). Culture vessels were inoculated wath a 1:10 dilution of
inoculum in fresh broth (1 mL for tubes or 200 pL for microplates) and incubated for 24 h.

Crystal Violet Assay. Biofilm biomass was visnalized and quantitated by means of a
crystal violet binding assay as previously described (Kaplan et al., Anitmicrob. Agents
Chemother. 2004, 48: 2633-2636). Briefly, biofilms were rinsed with water to remove
loosely attached cells, stained for 1 min with Gram's erystal violet (200 pL for microplates
and 1 mL ‘for tubes), rinsed, dried, and photographed. For quantitation of biofilms grown in
microplates, biofilms were de-stained with 200 uL of 33% acetic acid for 5 min, and the
absorbance of the crystal violet solution was measured directly in the plate by means of a
BioRad Benchmark microtiier plate-reader set at 590 nm. Crystal violet binds to bacterial
biofilms, but not to polystyrene (O'Toole & Kolter, Mol. Microbiol. 1998, 28: 449-461).

Biloﬁlm Detachment Assay. Biofilms were rinsed with water and treated with 200 pL
(for microplates) or 1 mL (for tubes) of DispersinB™ (20 ug/mL in PBS) or SDS (0.001-1%
in PBS). After a five- or 30-minute incubation at 37°C, biofilms were rinsed with water and
stained with crystal violetas described above. In some assays, biofilms were first treated with
DispcrsinlBTM for S or 30 r'nin, rinsed, and theo treated with SDS. All detachment assays were
performed in duplicate wells or tubes. All assays were performed on at least 3 separate

occasions, with similar results.

Biofilm Killing dssay. Biofilms grown in polystyrene tubes as described above were
washed 3 times with sterile PBS and then treated with 1 mL of SDS (0.01% in PBS) or
cetylpyridinium chloride (CPC; 0.02% in PBS). After 5 min, the bjofilms were rinsed 3 times
with PBS to remove the SDS or CPC, and then treated with 1 mL of DispersinB™ (20 yg/mL
in PBS) for 5 min to detach the cells. Tubes were vortexed for 10 s, and 20 pL aliquots of the
detached biofilms were transferred to the wells of a flat-bottomed 96-well microtiter plate
containing 180 pL of fresh broth. Five serial dilutions (20 uL into 180 pl) were performed
directly into adjacent wells. Plales were incubated for 48 b and then rinsed and stained with
crystal violet as described above. Wells containing 30-300 biofilm colonics were
photographed under a dissecting microscope and counted. In some assays, biofilms were pre-
treated with 1 mL of DispersinB™ (20 pg/m1 in PBS) for 5 min poor to the SDS treatment.
In these'assays, a 100 pL. quantity of SDS in PBS (at 10 times the test concentration) was
added directly to the DispersinB™™ -treated cell suspension and mixed. After 5 min, tubes

were vortexed briefly, and 20-uL aliquots of culture were enumerated as described above.
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Killing assays were performed in duplicate tubes on at least 5 separate occasions, with snnilar

tesulis.
Detachment of Biofilms by SDS and DispersinB™

Crystal violet dye was used to visnalize A. actinomycetemcomitans biofilm growth
and detachment in polystyrene tubes and 96-well microtiter plates (Figure. 28). Both wild-
type and PGA mutant straiins formed uniform biofilms that covered the bottom surface of the
tube or microplate well after 24 hrs (Figares. 28A, 28B). In all cultures, the broth remained
optically clear and contained < 1% of the total CFUs afier 24 hrs. |

A solution of 0.1% SDS had no effect on the attachipent of wild-type biofilms, but
caused the rapid detachment of PGA mutant biofi)ms, in both tubes and microplate wells
{Figs. 30A, 30B). In contrast, a solution of 20 ug/mL of DispersinB™ caused the rapid
detachment of wild-type biofilms from tubes, but not from microplate wells. DispersinB™
had no effect on the attachment of PGA mutant biofilms grown in either culture vessel.
Microscopic analyses of biofilms grown in tubes indicated that DispersinB™ cansed the
biofilms to disaggregate into uniformly turbid suspensions containing > 99% single cells,
with very few small clusters of cells (data not shown). Detachment of biofilms from
microplate wells could be achieved if higher DispersinB™ concentrations and longer
incubation times were uscd (Kaplan et al., J. Bacteriol. 2003, 185: 4693-4698).

Pre-treatment of wild-type biofilms with DispersinB™ rendered them sensitive to
detachment by SDS in microplate wells (Figure. 28C). Biofilms were treated with 0.001-1%
SDS for 5 min and then biofilm biomass was quantitated by measuring tf)e amount of bound
crysial violet dye to measure the concentration of SDS needed to detach 4.
actinomycetemcomitans biofilms from microplate wells (Figure, 29). Wild-type biofilms
werc rr:si,stant to detachment at all concentrations of SDS. A slight, but reproducible, increase
in crystal violet staining was exhibited by biofilms treated with 0.04-0.11% SDS. In contrast, -
wild-type biofilms pre-treated with DispersinB™ were resistant to detachment only at SDS
concentrations < 0.04%. When the concentration of SDS was increased from 0.04 to 0.07%,
biofilms underwent a transition from SDS-resistant to SDS-sensitive. This concentration of
SDS (1.4-2.4 mM) is very closc to the critical micelle concentration (CMC) of SDS in
physiologic saline at 37°C (Helenius et al., Methods Enzymol. 1979, 56: 734-749). PGA
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mutant biofilms exhibited a nearly identical transition from SDS resistant t0 SDS-sensitive
between 0.04 and 0.07% SDS {data not shown).

DispersinB™ Inci-eases the Sensitivity of Biofilms to Killing by SDS

Th:e sensitivity of 4. actinomycetemcomitans biofilms to killing by 0.01% SDS was
tested. The 0.01% SDS corresponds to the MIC against 4. actinomycetemcomitans
planktonic cells (Drake et al.,J. Periodontol. 1992, 63: 696-700; Wade & Addy, J
Periodontol. 1992, 63: 280-282), but which is below the concentration tequired for biofilm
detachment (Figure 29). Biofilms grown in tubes were pre-treated with PBS (mock pre-
treatment) or DispersinB™ for 5 min or 30 min, and then treated with SDS for 5 min. PBS,
DispersiuB™, or SDS alone did not signmficantly kill 4. actinomycetemcomitans biofilms
(Figure 30). However, SDS caused a 2-log-untit decrease in the number of CFU in tubes pre-
treated with Dispersian for 5 min, and a 4-log-unit decrease in tubes pre-treated for 30

min.
DispersinB™ Increases the Sensitivity of Biofilms to Killing by CPC

The sensitivity of 4. actinomycetemeomitans biofilms to killing by 0.02%
cetylpyridinium chloride (CPC) was tested. The 0.02% CPC corresponds to 10 times the
MIC against A. actinomycletemcomt‘tans planktonic cells, but which is below the
concentration required for biofilm detachment (data not shown). Biofilms grown in tubes
were pretreated for 30 min with phosphate buffer saline (PBS; mock pretreatment) or PBS
with 20 pg/mL of DispefsinBTM, and then treated with 0.02% CPC for 5 min. Biofilms
treated with DispersinB"™ or CPC alone exhibited little or no reduction in the number of
CFU/tube compared to the mock-treated controls (Figure 31). Biofilms treated with
DispersinB™ and then CPC, however, exhibited an approximately 3 log unit decrease in the
number of CFUs/tube comparcd to biofilms treated with DispersinB™ or CPC alone.

These findings suggest that DispersinB™ js a useful agent for sensitizing biofilms to
detachment and killing by a detergent such as SDS or CPC, and/ot other antimicrobial agents.

Example 27: Formnlation of DispersinB™ antimicrobial wound gel

As a geperal procedure, finely powdered sodium alginate (the usc of other alkaline
metal alginates may also be considered) was blended with DispersinB™ in distilled water at
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room temperature for 6-8 hours. As the alginate slowly dissolved and absorbed water, a gel
began to form. Stirring continued during this process so that as any yet unblended alginate
did not settle out. The final formulation of wound gel contained 0.01% DispersinB™, 1.5%

sodium alginate, and 98.49% water.

Example 28: Formulation of Triclosan- DisgersiﬁBTM antimicrobial wound gel

The solvent system for triclosan comprising polyethylene glycol, ethanol was
prepared m distilled water. Triclosan was dissolved in solvent system at 65°C with stirring
for 8-10 hours. The solution was cooled to room temperature, and DispersinB™ along with
sodium alginate was added. The gel was formed as explained in Example 27. The final gel
formulation contained 1% triclosan, 10% polyethylene glycol 400, 10% ethanol, 0.01%
DispersinB™, 1.5% sodium alginate and 77.49% water.

Example 29: Effect of I)is;gersinBTM antimicrobial wound gel on Staphylococcus
epidermidis biofilm formation

An in vitro microtiter assay was performed to determine the effect of DispersinB™

wound gel on the growth and biofilm formation of Staphylococcus epidermidis. S.
epidermidis biofilm was grown in tryptic soy brotl (TSB). S. epidermidis was grown in 96-
well microtiter plate in the absence and presence of DispersinB™ wound gel at different

concentrations. The plate was incubated at 37°C for 24 hours. Growth of planktonic cells

- based on the absorbance at 600 nm was determined using Labsystems Multiskan Ascent

microplate reader. Biofilm was measured by discarding the medium, rinsing the wells with
water (three times), and staining bound cells with crystal violet. The dye was solubilized with
33% acetic acid, and absorbance at 630 nm was determined. For each experiment,
background staining was corrected by subtracting the crystal violet bound to uninoculated
control (Eigure 32). The test showed 65%-80% biofiim inhibition at all wound gel dilutions
tested without affecting planktonic growth.

Example 30: Effect of Dis EersinBTM antimicrobial wound gel on Staphylococeus

epidermidis biofilm dispersal
An in vitro microtiter assay was performed to determine the effect of DispersinB™
wound gel on the dispersal of Staphylococcus epidermidis biofilm. S, epidermidis biofilm
was grown in tryptic soy broth (TSB). S. epidermidis was grown in 96-well microtiter plate at
37°C for 24 hours. The planktonic growth was discarded and the biofilm was weated with
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serial two-fold dilutions of D;'spcrsinBTM wound gel at 37°C for 3 hours. After wound gel
treatment the microtiter plate was washed and stained as explained in example 2. The test
showed 57%-75% S. epidermidis biofilm dispersal at all wound gel dilutions tested (Figare
33).

Example 31: Antimicrobial activity of Triclosan-DispersinB™ antimicrobial wound gel
' against wound assocjated pathogens

The antimicrobial activity of Triclosan-DispersinB™ was tested iz vitro, against

wound-associated bacteria such as Staphylococcus aureus, S. epidermidis, Enterococcus
faecalis, Escherichia coli, Enterobacier cloacae, and yeast Candida albicans (Vandenbulcke,
et al. 2006. Lower Extremity Wounds, 5: 109-114). The orgapisms were incubated on
Trypticase Soy Agar and the plates were overlayed with 100 pl of wound gel. The plates
were incubated at 37°C fqr 24-48 hours. The number of colony forming upits (CFU) per
milliliter for each cﬁ]ture was calculated (Table 5). Unexpectedly, there was zero growth (no
CFU) on any of the TSA plates treated with Triclosan-DispersinB™ wound gel.

Table 5: Effect of Triclosan-DispersinB™ antimicrobial wound gel on growth of
wonund-associated pathogens

Pathogen CFU/ml
Untreated Treated
Gram-positive bacteria
Staphylococcus aureus 12x 103—‘
8. epidermidis 1x10°
Enterécoccus Jaecalis 23x10°
Gram-negative bacteria
Escherichia coli 2.2x 10%
| Enterobacter cloacas 1.5x 108
;| Yeast
Candida albicans 45x10° 0
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Example 32: Inhibitory effect of DispersinBTM and Triclosan (TCSN) combination on
Staphylococcus epidermidis biofilm

In vitro microplate assay was performed to determine the synergistic effect of
DispersinB™ and triclosan (an antimicrobial agent) on the growth and biofilm formation of
S. epidermidis. Ovemight culture of S. epidermidis in Tryptic Soy Broth (TSB) was used as
inoculum. Bacteria were grown in TSB on a 96-well microtiterplate in the absence and
presence of each compouﬁd (DispersinB™ or TCSN) at different concentrations separately
and together (DispersinB ™+TCSN). The plate was incubated at 37°C for 24 hours. Growth
of planktonic cells based on the absorbance at 600 nm was determined using Labsystems
Multiskan Ascent microplate reader. Biofilm was measured by discarding the medium;
rinsing the wells with waler (three times) and staining bound cells with crystal violet. The dye
was solubilized with 33% acetic acid, and absorbance at 630 nm was determined using a
microtiter plate reader. For cach experiment, background staining was corrected by
subtracting ihe crystal violet bound (o uninoculated control. The combination of
DispersinB™ and TCSN (50 ng/ml + 50 pg/ml, respectively) showed inhibitory effect on S,
epidermidis biofilm formation (Figurc 34).

Example 33: Inhibitory effect of DispersinB ™ and Triclosan (TCSN) combination

coated silicone ecatheters on

Staphylococcus gpidermidis and Esherichia coli colonization

- The adhesion assay was performed to determine the synergistic cffect of
DispersinB™ and TCSN combination coated silicone catheters on 5. epidermidis and E. coli
colonization. The silicone catheter segments (1 om cach) were coatcd by dipping in
DispersinB™ (40 ug/ml) and TCSN (10 mg/ml in 10% Polyethylene glycol) alone and in
combination for overnight at 4°C followed by drying at room temperaturc. The coated and
uncoated segments were incubated in S. epidermidis and E. coli culture in TSB medium at
37°C for 24 hours at 100 rpm. After 24 hours of incubation, the sections were washed three
times gently. Each washed section was transferred into a sterile tube containing 1 ml sterile
saline apd subjected to sonication for 30 seconds and followed by 1minute vortexing. Further,
it was serially diluted using stcrile salinc and plated using Tryptic Soy Agar (TSA) platcs.
The plates were incubated at 37°C for 24 hours and the colonies (CFU) were counted.
Although triclosan was more ¢ffective than DispersinB™ in inhibiting the growth of biofilm-
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embedded S. epidermidis and E. coli, the combination-coated catheters showed an enhanced

anti-adherence effect on 5. ‘epidermidi: and E. coli (Figares 35 and 36).

Example 34: Antibiofilm activity of DispersinBTM and Triclosan (TCSN) combination-
coated catheters apainst catheter-associated microorganisms

The broad-spectrum antibiofilm activity of DispersinB™ and TCSN combination
coated catheters against cathcter-associated bacteria and yeast was determined. Catheter-
associated microorganisms such as E. coli, Proteus mirabilis, Pseudomonas aeruginosa,
Kibesiella pneumoniae, Enterococcus faecalis, Enterococcus cloacae, Citrobacter diversus,
S. epidermidis, Staphylococcus aureus, Staphylococcus saprophyticus, and Candida albicans
were grown in TSB for 18 hours. The catheter coating and adherence assay for 24 hours were
done as described in Example 33. The TCSN-DispersinB™ combination coated catheters
were broad-spectrum in terms of inhibiting Gram +ve, Gram —ve bacteria and yeast
colonization on catheters (Figure 37). The combination-coated catheters inhibited > 90%

colonization of catheters by test organisms, except Enterococcus faecalis.

Example 35: Durabili: of inhjbito ivity of DispersinB™ and Triclosan (]

combination-coated polyurethane catheters

The durability of inhibitory activity of DispersinB™+TCSN coated 1 em
polyurethane catheter segments was assessed using Kithy-Bauer technique as previously
described by Sheretz et al. (Antimicrob. Agents Chemother.,, 33: 1174-1178, 1989). The

catheters were coaled as described in Example 2. The test organisms such as Staphylococeus

aureus and Staphylococcus epidermidis were grown in TSB for 18 hours at 37°C. An
appropriate inoculum of each bacterial strain was used to prepare spread plates. The coated
catheter segments were carefully plated. Following incubation for 24 hours at 37°C, the zones
of inbibition surrounding each segment were measured at the aspects of perpendicular to the
long axes. After measuﬁng'the zone of iphibition, the segments were transferred onto fresh
spread plates inoculated with respeclive test organism and incubated for 24 hours at 37°C
again. The zoues of inhibitions were measured again. This procedure was repeated for
determining the durtability of inbjbitory activity of coated catheter sections against §. aureus
and §. epidermidis (Figure 38). The coated segments showed significant inhibitory activity
against S. aureus and §. epidermidis even after 14 days of passage.
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Example 36: Durability of inhibitory activity of DispersinB™ and Triclosan (TCSN)

combination-coated polyurethane catheters in plasma

{tested against Staphylococcus epidermidis).

The ability of DispersinB™-TCSN coated polyurethane catheters to resist bacterial
colonization for a period of 7 days was tested by exposing uncoated and coated segments to
§. epidermidis. The coated and uncoated catheter segments were incubated in rabbit plasina at
37°C separately for 7 days at 100 rpm prior to challenging with S, epidermidis. Both coated
and uncoated catheter segments (in triplicate) were removed at time intervals of 1, 5 and 7
days. Furthcr, they were: challenged with S. epidermidis onc at a time. Following the
mcubation, the catheter segments were rinsed 3 times gently with sterile water. Each washed
segment was transferred into sterile tube containing 1 ml sterile saline and subjected to
sonication for 30 seconds followed by Iminute vortexing. Further, it was serially diluted and
plated on TSA. The plates were incubated at 37°C for 24 hours and colony-forming units
(CFU) were counted. This procedure was repeated for each time interval. The DispersinB™.-
TCSN coated catheter segmcnts were cffective in preventing S. epidermidis biofilm
formation over a period of 7 days (Figure 39).

Example 37: Durability of jnhibitory activity of DispersinB™ and Triclosan (TCSN)

combinatiop-coated QI olyurethane catheters in TSB containing 20%, Bovine Serum
(tested against Staphylococcus qureus)

The ability of DispersinBTM-TCSN coated polyurethane catheters to resist bacterial
colonization and retain antimicrobial activily for a period of 7 days was tested by exposing
uncoated and coated segments ‘to S. aurews. The coated and uncoated segments were
incubated in TSR containing 20% bovine serum for 7 days at 100 mpm. The TSB containing
20% bovine serum was replaced every 24 hour. The anti-adherence activity was performed as
explained in Exarnple 36. Afier 7 days of incubation, the coating prevented > 99% S, aureus
biofilm formation (Figurc 40). The antimicrobial activity and durability was assessed using
Kirby-Bauer techniqus as previously described by Sheretz et al. (Antimicrob. Agents
Chemother., 33: 1174-1178, 1989). Both coated and uncoated catheter segments (in
triplicate) were removed at time intervals of 1, 5 and 7 days. S, aureus was grown in TSB for

18 hours at 37°C. An appropriate inoculurn of bacterial strain was used to prepare spread
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plates. The coated catheters were carefully plated. Following incubation for 24 hours at 37°C,
the 2ones of inhibition surrounding each segment were measured at the aspects of
perpendicular to the long axes. This procedure was repeated for each time interval (Figure
41). The coated catheter segments retained antimicrobial activity even after 7 days of

incubation in TSB containing 20% bovine serum.

Example 38: Durability of inhibitory activity of Disggersiul?.'IM and Triclosan (TYCSN)
combination.coated silicong catheters in synthetic urine
(tested against Staphylococeus epidermidis)

The ability of DispersinB™-TCSN coating on silicone catheters to resist bacterial
colonization and retain antimicrobial activity for 10 days was tested by exposing the uncoated
and coated segments to test organisms. The coatcd and uncoated catheter segments were
incubated in sterile artificial urine medium at 37°C for 10-14 days at 100 1pm. The artificial
urine in the flask was replaced with fresh artificial urine every 24 hours. Both coated and
uncoated catheter segments (in triplicate) were removed at time intervals of 1,4,7,10 and 14
days. Further, they were challenged with S. epidermidis one at a time. Following the
incubation, the catheter sections were rinsed 3 times gently with sterile water. Each washed
sogment was transferred into sterile tube containing 1 ml sterile saline and subjected to
sonication for 30 seconds followed by 1 minuic vortexing. Further, each section was %rially
diluted and plated on TSA. The plates were incubated at 37°C for 24 hours and colony-
forming units (CFU) were counted. This procedure was repeated for each time interval. The
DispersinB™-TCSN couted catheter segménts were effective in preventing S. epidermidis
biofilm formation for more than 10 days (Figure 42). The antimicrobial aci vity retained by
the catheters was siudied by Kirby-Bauer technique as previously described by Sheretz et al.
(Antimicrob. Agents Chemother., 33: 1174-1178, 1989) against E, coli, P. mirabilis, K,
pneumoniae and S. epidermidis, The coated catheter segments showed a significant inhibitory
activity against E. coli, P. mirabilis, K pneumoniae and §. epidermidis even after 14 days
(Figure 43).
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Example 39; In Vivo Efficacy of DispersinB ™+ Triclosan (DispersinB*+TCSN) coated

central venous catheters (CVC)

In vivo efficacy study was conducted using rabbits to determine the rates of catheter
colonization and catheter rlelated infections by Staphylococcus aureus with the following four
groups of CVCs: (i) catheters coated with Dispersian+TCSN, (ii) catheters coated with
chlorhexidine+silver sulfadiazine (CH/SS), (iii) chlorhexidine+silver sulfadiazine plus
(CEH/SS plus), and (iv) uncoated catheters. Thirty -cm segments of CVCs from each group
were implanted subcutaneonsly in the back of a total of 20 female New-Zealand white,
specific pathogen-free rabbits. Tach catheter insertion site was inoculated with 16* colony
forming vnits (CFU) of clinical isolate of § aureus. After 7 days, the rabbits were sacrificed;
the catheters were explanted, and cultured by plating on agar plates. Out of 30, 29 (96.7%)
uncoated, 1 (3.3%) DispersinB™+TCSN coated, 4 (13.3%) CH/SS coated an 1 (3.3%)
CH/SS plus coated catheters were colonized by . aureus (Figure 44). The
DispersinB™+TCSN, CH/SS and CH/SS plus catheler coatings significantly reduced catheter
colonization by S gureus (p< 0.001) compared o uncoated catheter.

Example 40: Enhancing effect of DispersinB on the sensitivity of biofilm-embedded
Staphylococcus epidermidis to xylitol

An in vitro biofilm-dispersal assay was performed to determine the enhancing effect
of DispersinB™ on the sensitivity of biofilm-embedded S, epidermidis to Xylitol. §.
epidermidis biofilm was grown in 1.5 ml pelypropylene microcentrifuge tubes (200 pl culture
volume) for 24 h and medium containing planktonic cells was discarded. Further, each tube
was rinsed with 200 ul of fresh medium and then treated with 200 pl medium containing 5%
xylitol alone or in combination with DispersinB (20 pug/m)). After 3 b incubation at 37°C, 10
nl of 200 pg/ml DispersinB was added to each tube, and tubes were jncubated for additional
5 min to detach biofilm, Serial dilutions of the cells were plated on tryptic soy agar. The
DispersinB slightly enhanced the inhibitory effect of xylitol on biofilm-embedded §.
epidermidis (Figure 45).
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Example 41: Enhancing effect of DiggersinBTM on the sensitivity of biofilm-embedded

Staphylococcus epidermidis to antimicrobial enzvme glucose oxidase

An in vitro biofilm-dispcrsal assay was performed to determine the enhancing effect
of DispersinB™on the sensitivily of biofilm-embedded §. epidermidis to glucose oxidase. S.
epidermidis biofilm was grown in 1.5 ml polypropylene microcentrifuge tubes (200 ul culture
volume), medinm containing planktonic cells was discarded. Further, each tube was rinsed
with 200 p1 of fresh medium and then treated with 200 ul medium containing 10 U/m) of
glucose oxidase alone or in combination with 20 pg/ml of DispersinB. After 3 h incubation at
37°C, 10 pl of 200 pg/ml DispersinB™ was added to each tube, and tubes were incubated for
additional 5 min to detach biofilm. Serial dilutions of the cells were plated on tryptic soy
agar. DispersinB enhanced the inhibitory effect of glucose oxidase on biofilm-embedded 5.
epideremidis (Figure 46).

Example 42: Effect of DispersinB™ gid N-{1-jvr
combination on_Staphylococcus e, ldermidis biofilm formation.

In vitro microplate assays were performed to determine the effect of DispersinB and
PyrM combination on the growth of biofilm-embedded §. epidermidis. Overnight growth of
S. epidermidis in tryptic soy broth (TSB) was used as inoculum. Bjofilm was developed in
12-well microplate in the absence and presencé of each test compound (1 pg/ml DispersinB
or 8 pg/ml PyrM) separately and together (Dispersin8+PyrM). The plates were incubated at
37°C for 24 h. Medium containing planktonic cells in each well was removed gently and
nnsed with sterile water. A known volume of water was added to each well and sonicated for
30 seconds. The contents of each well was transferred into a sterile tube, vortexed for a
minute, followed by 10-fold serial djlution, and plated on agar plates using a spreader. Afier
incubating the plates at 37°C for 24 h, colony-fonning units (CFU) were counted. Although
PytM was more effective than DispersinB in inhibiting the growth of biofilm-embedded S.
epidermidis, the combination of DispersinB and PyrM had an enhancing inhibitory effect on
biofilm-embedded S. epidermidis (Figure 47).

Example 43; Effect of DispersinB™™ and N, N-(1,2 phenvlene) dimaleimide (6PDM) on
biofilm formation of Staphyiococcus epidermidis

In vitro microplate assays were performed to determine the effect of DispersinB™
and oPDM combination on the growth of biofiln embedded S, epidermidis. Overmnight
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growth of §. epidermidis in tzyi:tic soy broth (TSB) was used as inoculum. Biofilm was
developed in 12-well microplate in the absence and presence of each test compound (1 pg/ml
DispersinB or 625 pg/ml oPDM) separately and together (DispersinB+oPDM). The plates
were incubated at 37°C for 24 hours. Medium containing plapktonic cells in each well was
removed gently and rinsed with sterile water. A known volume of water was added to each
well and sonicated for 30 seconds. The contents of each well was transferred into a sterile
tube, vortexed for a minute, followed by 10-fold serial dilution, and plated on agar plates
using a spreader. After incﬁbating the plates at 37°C for 24 h, colony-forming units (CFU)
were counted. Although oPDM was more effective than DispersinB in inhibiting the growth
of biofilm-embedded S. epidermidis, DispersinB and oPDM together had an enhancing
inhibitery effect on biofilm-embedded S. epidermidis (Figure 48).

Example 44: Antimicrobial activity of catheter coated with
DispersinB™ and an antimicrobial

Catheter segments (1 ¢mn) were coated with the solution containing DispersinB™ apd
antimicrobial by dipping and drying three times. Catheter segments could also be coated
sequentially with an antimicrobial agent and DispersinB™. Antimicrobial agents such as
benzalkonium chloride, sodium usnate, 5-fluorouracil, cefamandole nafate and chitosan were
used separately in combination with DispersinB™ for coaling. The solution containing
DispersinB and each anliqn‘crobial was prepared in 10 % glycerol as a binding agent.
Glycerol could be substituted with polyethylene glycol.

The antimicrobial jactivity of coated catheter was determined using Kirby-Bauer
technique as previously described by Sheretz, ef ol (Antimicrob. Agents Chemother.,
33:1174-1178, 1989). Catheter-associated microorganisms such as Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus epidermidis, S. aureus and Candida albicans were
grown in tryptic soy broth for 18 h at 37°C. An appropriate inoculum of each strain was used
to prepare spread plates. The coated and uncoated sections were then carefully pressed onto
the center of each spread plate. Following the incubation for 24 h at 37°C, the zone of
inhibition surrounding each section was measured at the aspects of perpendicular to the long
axes. The catheters coated with DispersinB™-cefamandole pafate and DispersinB™.
benzalkoniwmn chloride showed antimicrobial activity against E. coli, 8. epidermidis and §.

aureus (Table 6). The catheters coated with DispersinB™.5-fluorouracil showed
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antimicrobial activity against all the test organisms except C. albicans. However, the
catheters coated with DispersinB-sodium usnate were selectively active against gram-
positive organisms.

Table 6: Antimicrobial activity of catheters coated with DispersiuB™ (100 pg/ml) and
antimicrobial agents

Coating Con. of Zone of inhibition (mm) against test organisms

antimicrobial

agent in the

coating

salution

E. coli | P. S. S. C.
aeruginosa | epidermidis | aureus | albicans

DisgersinBTM- 50 mg/ml 275 0 44 24 0
Cefamandole
nafate
DispersinB™- | 10 mg/ml 30.5 15.5 42 27.5 0
S-fluorouracil
DispersinB™. | 10 mg/ml 0 0 23 13.5 0
sodium usnate
DispersinB™. | 100 mg/ml 3.5 0 23.5 19 10.0
benzalkonivm '
chloride

Example 45 Aptibiofilm activity of DispersinB"™ and cefamandole nafate (CFIN)
combination-conted catheters against catheter-associated microorganisms

The antibiofilm activity of DispersinB™ and cefamandole nafate (CFN) combination
coated catheters against catheter-associated bacteria and yeast was determined. Catheters
were coated with DispersinB™ (100 pg/ml)-cefamandole nafate (50 mg/mi). Catheter-

associated microorganisms such as Escherichia coli, Staphylococcus epidermidis and S.

aureus were grown i TSB for 18 h. The coated and uncoated catheter segments were placed
in 15 ml tubes separately conlaining 10 ml TSB inoculated with test organism. The tubes
were incubated in a water bath at 37°C with gentle shaking. After 24 h incubation, catheter
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segments were washed, sonicated, vortexed and the serial dilutions were plated on tryptic soy
agar. The DispersinB™-CFN combination coated catheters inhibited > 99% E. coli, S

epidermidis and S. aureus biofilm formation (Figure 49).

Example 46: Antibiofilm activity of DispersinB™ and 5-fluorouracil (FU) combination-
coated catheters against catheter-associated microorganisms

The antibiofitm activity of DispersinB™ and 5-fluorouracil (FU) combination coated

catheters against catheter-associated bacteria and yeast was determined. Catheters were

coated with Dispersine™ (100 pg/ml)-FU (10 mg/mol). Catheter-associated microorganisms
such as Escherichia coll, Pseudomonas aeruginosa, Staphylococcus epidermidis, §. aureus
and Candida albicuns were grown in TSB for 18 h. The coated and uncoated catheter
segments were placed in 15 ml tubes separately containing 10 ml 'TSB inoculated with test
organism. The tubes were incubated in a water bath at 37°C with gentle shaking. After 24 h
incubation, catheter segments were washed, sonicated, vortexed and the serjal dilutions were
plated on tryptic soy agar. The DispersinB™-FU combination coated catheters inhibited =
99% gram negative and gram-positive bacterial biofilm formation (Figure 50), and it
inhibited 80% C. albicans biofilm.

Example 47: Antibiofilm activity of DispersinB™ and sodium uspate (S

coated catheters against catheter-associated microorganisms

The antibiofilm activity of DispersinB™ and sodium usnate (S8U) combination coated

catheters against catheter-associated bacteria and yeast was determined. Catheters were
coated with Dispersing™ (100 pg/m)-8U (10 mg/rﬁl). Catheter associated microorganisms
such as Escherichia coli, Pseudomonas aeruginosa, Staphylococcus epidermidis, S. aureus
and Candida albicans were grown in TSB for 18 h. The coated and uncoated catheter
segments werc placed in 15 ml tubes separately containing 10 ml TSB inoculated with test
organism. The tubes were incubated in a water bath at 37°C with gentle shaking. After 24 h
mncubation, catheter segments were washed, sonicated, vortexed and (he serial dilutions were
plated on tryptic soy agar. The DispersinB™-SU combination coated catheters were more
effective in inhibiting hinfilm formation in gram-positive bacteria compared to that in gram-

negative bacteria (Figure 51).
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Example 48: Antibiofiln activity of DispersinB ™ and benzalkonium chloride (BKC

combination-coated cathetcrs against catheter-assgciated microorganisms

The antibiofilm activity of DispersinB™ and benzalkonium chlorde (BKC)
combination coated catheters against catheter-associated bacteria and yeast was determined.
Catheters were coated with Dispersian (100 pg/ml)-BKC (100 mg/ml), Catheter-
associated microorganisms such as Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus epidermidis, S. aureus and Candida albicans were grown in TSB for 18 h.
The coated and uncoated catheler segments were placed in 15 ml tubes separately containing
10 ml TSB inoculated with test organism. The tubes were incubated in a water bath at 37°C
with gentle shaking. Aﬁer 24 h incubation catheter segments were washed, sonicated,
vortexed and the serial dilutions were plated on tryptic soy agar. The DispersinB™-BKC
combination coated catheters completely inhibited biofilm fonmation in gram-negative as

well as gram-positive bacteria and also in yeast (Figure 52).

Example 49: Antibiofilm activity of DispersinBTMand chitosan combination-coated
catheters against catheter-associated microorganisms

The antibiofilm activity of DispersinB™ and chitosan combination coated catheters
against catheter-associated bacteria was determined. Catheters were coated with

DispersinB™ (100 pg/ml)-chitosan (5 mg/ml). Catheter-associated microorganisms such as

Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus epidermidis were grown in
TSB for 18 h. The coated and uncoated catheter segments were placed in 15 ml tubes
separately containing 10 ml TS3 inoculated with test organism. The iubes were incubated in
a water bath at 37°C with gentle shaking, After 24 h incubation, catheter segments were
washed, sonicated, vortexed and the serial dilutions were plated on tryptic soy agar. The
DispersinB™-chitosan combination coated catheters inhibited 67% £ coli, and > 99% §.
epidermidis biofilms (Figure 53).
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Claims

10.

11.

12,

A composition for inhibiting biofilm-embedded microorganisms comprising: (a)
DispersinB™, an active tragment or variant thereof that disperses a biofilm; and (b)

an antimicrobial agent.

The composition of claim 1, wherein DispersinB™ is the mature DispersinB™
polypeptide. '
The composition of claim 2, wherein DispersinB™ is in a concentration of about 1

pg/ml to about 500 ng/ml of the composition.

The composition any one of claims 1-3, wherein the antimicrobial agent comprises
triclosan, rifampicin, cefamendole nafate, pitrofurazone, bismuth thiol, bismuth
ethanedithiol (BisEDT), ciprofloxacin, ovotransferrin, lactoferrin, sodium usnate, 5-
fluorouracil, sodium dodccyl sulfate (SDS), chlorhexidine, benzalkonium chloride,
EDTA, silver nanopowdcr, silver compounds, glucose oxidase, lactose peroxidase,
cadexomer iodine, methylene blue, gentian violet, medium-chain dextrans, sugar

alcohol, or mixtures thercof,
The composition of claim 4, wherein the antimicrobijal agent is triclosan.

The composition of claim 5, wherein the triclosan is in a concentration of about 0.1 to
about 100 mg/ml.

The compoéition of claim 4, wherein the antimicrobial agent is rifampicin.

The composition of claim 7, wherein the rifampicin is in a concentration of about 0.1

to about 1000 pg/ml.
The composition of claim 4, wherein the antimicrobial agent is cefamandole pafate.

The composition of claim 9, wherein the cefamandole nafate is in a concentration of
about 0.05 to about 5 pg/ml.

The composition of claim 4, wherein the antimicrobial agent is nitrofurazone.

The composition of claim 11, wherein the nitrofurazone is in a copcentration of about
0.01 to 1 mg/ml.
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13, The composition of claim 4, wherein the antimicrobial agent is BisEDT.
14.  The composition of claim 13, wherein the BisEDT is in a concentration of about 0.01
to about 2 mM.
15.  The composition of claim 4, wherein ihe antimicrobial agent is ciprofloxacin.
16.  The composition of claim 15, wherein the ciprofloxacin is in a concentration of about
0.01 to about 0.5 mg/ml.
17.  The composition of claim 4, wherein the antimicrobial agent is ovotransferrin.
18.  The composition of claim 17, wherein the ovotransferin is in a concentration of about
10 to about 1000 mg/m}.
19.  The composition of claim 4, wherein the antimicrobial agent is 5-fluorouracil.
20.  The composition of claim 19, wherein the 5-fluorouracil is in a concentration of about
1 to about 1000 pg/ml.
21.  The composition of claim 4, wherein the antimicrobia) agent is sodium dodecyl
sulfate.
22.  The composition of elaim 21, wherein the sodium dodecyl sulfate is in a concentration
of about (.01 to about 10 mg/ml.
23.  The composition of claim 4, wherein the antimicrobial agent is chlorhexidine.
24. The composition of claim 23, wherein the chlorhexidine is in a concentration of about
0.01 to about 10 ug/ml.
25.  The composition of claim 4, wherein the antimicrobial agent is benzalkonium
chloride.
26.  The composition of claim 25, wherein the benzalkonium chloride is in a concentration
of about 0.01 to about 10 ug/nl.
27.  The composition of claim 4, wherein the antimicrobial agent is EDTA.
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28.

29.

30.

31.

33.

35,

36.

37.

The composition of claim 27, wherein the EDTA is in a concentration of about 1 to

about 1000 pg/ml.
The composition of ¢claim 4, wherein the antimicrobial agent is silver nanopowder.

The composition of claim 29, wherein the silver nanopowder is in a concentration of

about 0.01 to about 10 ug/ml.

The composition of any one of ¢laims 1-30, further comprising one or more
ingredients selected from the group consisting of: water; alcohol; polyethylene glycol;
polypropylene glycol; a binding, bonding, or coupling agent; an antibiotic, and a pH
adjuster.

A gel formulation comprising: (2) DispersinB™, an active fragment or variant thereof
that disperses a biofilm, and (b) a viscosity increasing agent, wherein said formulation
nhibits biofilm growth.

The formulation of ¢Jaim 31, wherein the DispersinB™, active fragment or variant
thereof, is about 0.001% to about 0.1% by weight.

The formulation of claim 31 or 32, wherein the viscosity increasing agent comprises a
gelling agent.

The formulation of claim 31 or 32, wherein the viscosity increasing agent comprises

an alginate-based material.

The formulation of claim 35, wherein tbe alginate-based material comprises sodium

alginate.

The formulation of claim 36, wherein the sodium alginate is about 1% to 5% by
weight.
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38.

39.

40.

41.

42,

43.

45.

46.

47.

A gel formulation comprising the combination of: (a) DispersinB™, and active
fragment or variant thereof, that disperses biofilms; and (b) an antimicrobial agent

active againsi bacteria or fungi; and (¢) a viscosity mcreasing agent.

The formulation of claim 38, wherein DispersinBTM , active fragment or variant
thereof, is about 0.001% 1o 0.1% by weight.

The formulation of claim 38 or 39, wherein the antimicrobial agent is selected from a
group consisting of triclosan, rifampicin, ccfamendo]e nafate, pitrofurazone, bismuth
thiol, bismuth ethanedithiol (BisEDT), ciprofloxacin, ovotransferrin, lactoferrin,
sodium usnate, 5-fluorouracil, sodium dodecyl sulfate (SDS), chlorhexidine,
benzalkonium chloride, EDTA, silver nanopowdet, silver compounds, glucose
oxidase, lactose peroxidase, cadexomer iodine, methylene blue, gentian violet,

medjum-chain dextrans, sugar alcohol, and mixtures thereof.
The formulation of claim 40, whercin the antimicrobial agent is triclosan.

The formulation of claim 41, wherein the triclosan is about 0.1% to about 10% by
weight.

The formnlation of any one of claims 38 to 42, further comprising polyethylene
glycol (PEG).

The formulation of claim 43, further comprising ethanol.
The formulation of claim 44, wherein the ratio of PEG to ethanol is about 1:1.

The formulation of any one of claims 38 to 45, wherein the viscosity increasing agent

comprises a gelling agent.

The formulation of any one of claims 38 to 46, wherein the viscosity increasing agent

comprises an alginate-based material.
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48,

49.

50.

51.

52.

53.

54.

55.

56.

57.

The formulation of ¢laim 47, wherein the alginate-based material comprises sodium

alginate.

The formulation of claim 48, wherein the sodinm alginate 18 about 1% to 5% by

weight.

The formulation of any one of claims 32 to 49, further comprising one or more
ingredients selected from the group consisting of binders, wetting agents, odour
absorbing agents, levelling agents, adherents, thickeners, coupling agents, antibiotics,
and pH adjuster.

The formulation of any onc of claims 32 to 50, wherein the formulation is in the form
of a formable or pliable putty or flexible sheets that can be readily monlded and cut

into shape.

A wound dressing or covering comprising the formulation of any one of claims 3210
51.

A fibre comprising the composition of any one of claims 1-30 or the formulation of

any one of claims 32 to 51.
The fibre of claim 53, wherein the fibre is a synthetic fbre.

The fibre of claim 54, wherein (he synthetie fibre is selected from the group
consisting of polyester, acrylic, polyamide, polyolefin, polyaramid, polyurethane,

regenerated cellulose, and blends thereof,

A fabric comprising the fibre of any one of claims 53 to 55.

A method of inhibiting biofilm-embedded microorganisms comprising administering
an effective amount DispersioB™, an active fragment or vanant thereof that disperses

a biofilm; and (b) an effective amount of an antimicrobial agent.
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58.

59.

60.

61.

62.

63,

64.

65.

66.

The method of claim 57, wherein the antimicrobial agent comprises triclosan,
rifampicin, cefamendole nafate, nitrofurazone, bismuth thiol, bismuth ethanedithiol
(BisEDT), ciproﬂoiacin, ovotramsferrin, lactoferrin, sodium usnate, 5-fluorouracil,
sodium dodecyl sulfate (SDS), chlorhexidine, benzalkonivm chlonide, EDTA, silver
nanopowder, silver compounds, glucose oxidase, lactose peroxidase, cadexomer
iodine, methylene blue, gentian violet, medium-chain dextrans, sugar alcohol, or

maxtures thercof,

The method of claim 57, wherein the DispersinB™, an active fragment or variant
thereof is administered prior to admistration of the antimicrobial agent and wherein
the antimicrobial agent comprises sodivm sodecyl sulfate, chlorhexidine, or

benzalkonium chloride.

A method of inhibiting biofilm-embedded microorganisms comprising administering
an effective amount of the composition of any one of claims 1to 31 or an effective

amount of the formulation of any one of claims 32 to 51.

The method of any one of claims 57 to 60, wherein said bioflm-embedded

miCroorganisms are associated with a wound.

The method of any one of claims 57 to 61, wherein the microorganisms comprise

bacteria,
The method of 62,' wherein the bacteria comprise gram-negative bacteria.

The method of claim 63, wherein the gram-ncgative bacteria comprise Escherichia
coli, Proteus mirabilis, Klebsiella pneumoniae, Pseudomonas aeruginosa, Klebsiella
oxytoca, Providentia stuartii, Serratia marcescens, Bacteroides spp., Prevotella spp.,

Porphyromonas spp., or mixtures thereof.
The method of 62, wherein the bacteria comprise gram-positive bacteria.

The method of claim 65, wherein the gram-positive bacteria comprise Enterococcus
Jaecalis, Vancomycin Resistant Enterococci (VRE), Peptostreptococcus spp.,
Corynebacterium spp., Clostridium spp., Streptococcus pyogenes, Streptococcus

viridans, Micrococcus sp., Beta-hemolytic streptococcus (group C), Beta-hemolytic
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67.

68.

69.

70.

71.

72.

73.

74.

76.

77.

streptococeus (group B), Bacillus spp., Staphylocoecus epidermidis, Staphylococcus

aureus, Staphylococcus saprophyticus, or mixtures thereof.

The method of any one ol claims 57 to 61, wherein the microorganisms comprise a

fungus.

The method of claim 67, wherein the fungus comprises Candida albicans, Candida

arapsilosis, Candida utilis, or mixtures thereof.

The method of any one of claims 57 to 68, wherein biofilm is associated with a

wound.

The method of claim 69, wherein the would comprises a cutanenous abscess, surgical
wound, sutured laderation, contaminated laceration, blister would, soft tissue wound,
partial thickness burn, full thickness bumn, decubitus ulcer, stasis ulcer, foot ulcer,

venous ulcer, diabetic ulcer, ischemic ulcer, pressure ulcer, or combinations thereof,

A method of any one of claims 57 to 60, wherein the biofilm embedded

microorganisms comprise dental plague.
A metbod of claim 71, wherein the dental plaque in subgingival dental plaque.

A method of any one of claims 57 to 60, wherein the biofilm embedded

microorgamisms are etiologic agents of periodontal diseuse.

A method of treating localized juvenile periodontitis comprising administering a

composition of any one of claims 1-31,

A method of treating periodontal disease comprising administering a composition of

any one of claims 1-31.

A method for preparing a wound care device comprising incorporating the
composition of any one ol claims 1-31 or the formulation of any one of claims 32 to

51 into bandage :nd wound dressing polymeric materials.

The method for preparing a wound care device according to claim 76, wherein the
bandage and wound dressing polymetic material comprises silastic or other silicone-

based materia), Dacron®, knitted Dacron®, velour Dacron®, nylon, silk, cotton,
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78.

79.

80.

81

82.

83.

84.

5.

polyethylene, polyurethane, polyvinyl chlorides silastic elastomer, silicone rubber,
poly(methyl methacrylate), latex, polypropylene, polyolefin, cellulose, poly vinyl
alcohol, polyhydroxyethyl methacrylate, poly glycolic acid, polyacrylonitrilc,

Teflon®, copolymers thereof, and mixtures thereof.

The method for preparing wound care device according to claim 76 or 77, wherein the
bandage or wound dressing comprises an outer fabric support layer and an inner layer
with an absorbent hody disposed there between and wherein the said inner layer and
for said absorbent body are fabricated from one or more polymeric materials having a
polymeric matrix with interstitial spaces within the matrix incorporating a
therapeutically effective amount of one or more materials including DispersinB™
and tnclosan, which method comprises incorporating therapeutically effective
amounts of active compounds including DispersinB™ and triclosan into a mixture of

the polymeric materials prior to casting or spinming of the polymeric material.

A composition for inhibiting biofilm-embedded microoraganisms comprising;: (a)
DispersinB™, an active fragment or variant thereof that disperses a biofilm; and (b) a
bacteriophage.

The composition of claim 79, wherein the composition comprises about 108

bacteriophage.

The composition of claim 79 or 80, wherein the bacteriophage comprises more than

one species of bacteriophage.

A composition for inhibiting biofilm-embedded microorganisms comprising a
recombinant bacteriophage, wherein the recombjnant bacteriophage displays
DispersinB™.

The composition of claim 82, wherein the displayed Dispersin@™ is fused to a phage

coat protein.

The composition of claim 83, wherein the DispersinB™ is fused to the major coat

protein.

The composition of claim 83, wherein the DispersinB™ is fused to the minor coat

protein.
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86.

g7.

8.

89,

90.

o1.

92.

93.

94,

95.

96.

97.

A fusion protein comprising at least a portion of a phage coat protein bonded to
DispersinB™.

A method of preparing a device comprising treating at least one surface of the device

- with the composition of any one of claims 1-31 or the formulation of any one of

“claims 32 to 52.

A metbed of preparing a device comprising incorporating the composition of any one
of claims 1-31 into polymers, wherein said polymers are used to form the device.

A method of preparing a device comprising coating the composition of any one of
claims 1-31 onto a surface of the device selected from the group consisting of an inner
surface of the device, an outer surface of the device, and both an inner and an outer

surface of the device.

The method according to any onc of claims 87 to 89, whertein the composition

comprises effective amounts of DispersinB™ and triclosan.

The method according to any one of claims 87 to 89, wherein the composition

comprises effective amounts of DispersinB™ and rifampicin.

The method according to any one of claims 87 to 89, wherein the composition

comprises effective amounts of DispersinB™ and cefamandole nafate.

The method according to any one of claims 87 to 89, wherein the composition

comprises effective amounts of DispersinB™ and nitrofurazone.

The method according to any one of claims 87 to 93, wherein the device is a medical

device.
The method as claimed in claim 94, wherein the medical device is a catheter.
The method of claim 95, wherein the catheter is an indwelling catheter.

The method of claim 96, wherein the indwelling catheter is selected from the gronp
consisting of a central venous catheter, a peripheral intravenous catheter, an arterial

catheter, a peritoneal catheter, a haemodialysis catheter, an umbilical catheter,
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98.

99.

100.

101.

102,

103.

104.

105.

precutapecus nontunneled silicone catheter, a cuffed tunneled central venous catheter,

an endotracheal tube, and a subcutaneous central venous port.

The method of claim 96, wherein the indwelling catheter is selected from the group
consisting of urinary catheter, a peritoneal catheter, a peripheral intravenous catheter

and central venous catheter.

The method according to claim 87 to 93, wherein the device is selected from the
group consisting of catheters, pacemakers, prosthetic heart valves, prosthetic joints,
voice prostheses, contact lenses, a stunt, hearl valve, penile implant, small or
temporary joint replacement, urinary dilator, cannula, elastomer, and intrauterine

devices.

The method according to any one of claims 87 to 93, wherein the device is selected
from the group consisting of a catheter lock, a needle, a Leuf—Lok‘i' connector, a
needleless conmector, a clarop, a forcep, a scissor, a skin hook, a tubing, a needle, a
retractor, a scaler, a doll, a chisel, a rasp, a surgical instrument, a dental instrument, a
tube, an intravenous tube, a breathing tube, a dental water line, a dental drain tube, a

feeding tube, a bandage, a wound dressing, an orthopedic implant, and a saw.

Use of the composition of any one of claims 1-31 or the formulation of any one of

claims 34 to 53 for promoting detachment of bacterial or fungal cells fiom a biofilm.

Use of the composition of any one of claims 1-31 in the preparation of a medical

device for implaniation in a mammal.

Use of the composition of any one of claims 1-31 for prevention of an infection

caused by an implanted medical device in a mammal.

The use of claim 102 or 103, wherein the medical device is coated, ncorporated, or

treated with the composition.

The vse of any oﬁe of claims 102 to 104, wherein the medical device is selected from
the gronp copsisting of catheters, pacemakers, prosthetic heart valves, prosthetic
joints, voice prostheses, contact lenses, a stunt, heart valve, penile implant, small or
temporary joint replacement, urinary dilator, cannula, ¢lastomer, and intrauterine

devices.
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106.

107.

108.

109.

110.

The use of claim 105, wherein the catheter is an indwelling catheter.

The use of claim 106, whercin the indwelling catheter is selected from a group

consisting of urinary catheter, a peritoneal catheter, and central venous catheter.

The use of claim 105, wherein the indwelling catheter is selected from a group
consisting of a central venous catbeter, a peripheral intravenous catheter, an arterial

catheter, a peritoneal cathcter, a haemodialysis catheter, an umbilical catheter,

 precutaneous nontunneled silicone catheter, a cuffed tunneled central venous catheter,

an endotracheal tube, and a subcutaneous central venous port.
The use of claim 103, wherein the infection is a urinary tract infection.

The use of claims 103, wherein the infection is a vascular infection.
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