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USE OF THERMOLYSIN TO REDUCE OR ELIMINATE BACTERIAL
BIOFILMS FROM SURFACES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit to U.S. Provisional Patent Application No.
62/367,338, filed July 27, 2016. The entire contents of the referenced application is
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention generally relates to methods and compositions useful for
reducing or eliminating bacterial biofilms on surfaces. The compositions include thermolysin
as an active ingredient to reduce or eliminate the bacterial biofilms.

BACKGROUND OF THE INVENTION

[0003] Bacterial biofilms are populations of bacteria attached to a surface. Bacteria
in a biofilm are frequently embedded within a self-produced matrix of an extracellular
polymeric substance (EPS), which holds the bacteria together in a mass and firmly attaches
the bacterial mass to the underlying surface. The bacterial biofilm EPS, which is often
referred to as slime, is a polymeric conglomeration generally composed of extracellular
DNA, proteins, polysaccharides and various biopolymers. Biofilms can form on biological or
non-biological surfaces and can be prevalent in both industrial and clinical settings.

[0004] Evidence has shown that biofilms constitute a significant threat to human
health. Biofilms are responsible for more than 80% of microbial infections in the body
(“Research on Microbial Biofilms”, National Institutes of Health, PA Number: PA-03-047,
December 20, 2002). Biofilms are involved in health conditions such as urinary tract
infections, cystitis, lung infections, skin infections, mucous membrane infections, sinus
infections, ear infections, acne, dental caries, periodontitis, nosocomial infections, open

wounds, and chronic wounds. Additionally, biofilms can form on medical devices such as:
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urinary tract prostheses; urinary tract catheters; peritoneal membrane catheters, peritoneal
dialysis catheters, indwelling catheters for hemodialysis and for chronic administration of
chemotherapeutic agents (Hickman catheters); cardiac implants such as pacemakers,
prosthetic heart valves, ventricular assist devices, and synthetic vascular grafts and stents;
prostheses; percutaneous sutures; and tracheal and ventilator tubing.

[0005] Bacteria growing in biofilms exhibit increased tolerance to antibiotics and
antibacterial agents and are very difficult to substantially reduce or eliminate. Bacteria within
biofilms have increased tolerance (up to 1000-fold higher) to antibacterial compounds than
bacteria not within biofilms, even though these same bacteria are sensitive to these agents if
grown under planktonic conditions (“Research on Microbial Biofilms”, National Institutes of
Health, PA Number: PA-03-047, December 20, 2002). Bacteria grown in biofilms are also
physiologically distinct from the same bacteria grown under planktonic conditions. The
bacteria in biofilms are stratified into different metabolic states depending on where in the
biofilm they reside and thus display different phenotypes compared to their free-living
counterparts. Another theory behind the antimicrobial tolerance of bacteria in biofilms is the
protective role of the EPS. The EPS can be visualized as a “mesh” or a network that can
physically prevent foreign agents (e.g., antibacterial agents) from reaching the bacteria.
Because of the EPS, altered metabolic states and acquired resistance factors, biofilms have a
multifactorial tolerance to antibacterial agents and antibiotics. Moreover, most of the
antibacterial formulations are water-based preparations, making it even harder for the
antibacterial active to penetrate the biofilm network due to high surface tension of water
molecules.

[0006] Wounds, mucous membrane lesions, and skin lesions are especially
susceptible to bacterial infection. From a microbiological perspective, the primary function

of normal, intact skin is to control microbial populations that live on the skin surface and to

.
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prevent underlying tissue from becoming colonized and invaded by potential pathogens.
Exposure of subcutaneous tissue, such as a wound, mucous membrane lesion, or skin lesion,
provides a moist, warm and nutritious environment that is conducive to microbial
colonization and proliferation. Since wound colonization is mostly polymicrobial, involving
numerous microorganisms that are potentially pathogenic, any wound, mucous membrane
lesion, or skin lesion is at some risk of becoming infected.

[0007] Wounds often have multiple barriers to healing. Wound healing and infection
is influenced by the relationship between the ability of bacteria to create a stable, prosperous
community within a wound environment and the ability of the host to control the bacterial
community. Since bacteria are rapidly able to form their own protective microenvironment,
i.e., a biofilm, following their attachment to a surface, the ability of the host to control these
organisms is likely to decrease as the biofilm community matures, ultimately affecting the
ability of the wound to heal. Wounds in which healing is delayed, i.e., chronic wounds, are
of particular concern with respect to biofilm formation. While biofilms are not present in all
bacterial infections, some have linked biofilms to chronic wounds (Mertz, 2003, Wounds, 15:
1 - 9). Wounds such as diabetic foot ulcers, venous ulcers, arterial ulcers, decubitus ulcers,
stasis ulcers, pressure ulcers, and burns are examples of wounds which may become chronic
wounds. Bacterial biofilms in chronic wounds are generally not resolved by the host’s
immune system and these biofilms have an increased tolerance to systemic and topical
antibacterial/antibiotic agents. Accordingly, bacterial biofilm infections in chronic wounds
are very difficult to substantially reduce or eliminate.

[0008] Particularly virulent organisms in wounds, mucous membrane lesions, and
skin lesions are gram-positive bacteria such as staphylococcus spp., streptococcus spp., and
enterococci spp. Biofilms of Staphylococcus aureus, including resistant strains such as

methicillin resistant staphylococcus aureus (MRSA), have become increasingly problematic
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in wounds, skin lesions, and mucous membrane lesions. These organisms, especially MRSA,
can reside in the anterior nares and cause lesions in the nose which can also spread to other
parts of the body, causing skin lesions and mucous membrane lesions at those sites. The
gram-negative bacteria Pseudomonas aeruginosa is also a particularly virulent organism in
wounds (Bjarnsholt, 2008, Wound Repair and Regeneration; and Jacobsen, 2011,
International Wound Journal).

[0009] In recent years, there have been numerous efforts to use various antibiotics
and antibacterial agents for the treatment of mucous membrane lesions, skin lesions, and
chronic wounds, many of which are infected or contaminated with bacterial biofilms. These
agents are of varying chemical compounds and include, among others, peptides such as
vancomycin, and antibacterial agents such as mupirocin, iodine compounds, and silver/silver
ions. However, many bacteria have become increasingly resistant to these compounds.
[00010] Thus, there is a need for safe and effective compositions which can reduce or
eliminate bacterial biofilms in wounds, mucous membrane lesions, and skin lesions, and on
other biological and non-biological surfaces.

SUMMARY OF THE INVENTION

[00011] The present invention provides a solution to the aforementioned limitations
and deficiencies in the art relating to bacterial biofilms. In particular, the solution is premised
on the use of thermolysin and compositions comprising thermolysin to reduce or eliminate
bacterial biofilms on surfaces including biological and non-biological surfaces.

[00012] In a first aspect, the invention provides a method of treating a wound, mucous
membrane lesion, or skin lesion infected or contaminated with a bacterial biofilm, the method
comprising topically administering to the wound, mucous membrane lesion, or skin lesion a

composition consisting of thermolysin and a pharmaceutical carrier, wherein the bacterial
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biofilm is reduced or eliminated, and wherein thermolysin is the sole active ingredient in the
composition that reduces or eliminates the biofilm.

[00013] In a second aspect, the invention provides a method of reducing or eliminating
a bacterial biofilm on a biological surface, the method comprising administering to the
biological surface a composition consisting of thermolysin and a pharmaceutical carrier,
wherein the bacterial biofilm is reduced or eliminated, and wherein thermolysin is the sole
active ingredient in the composition that reduces or eliminates the biofilm.

[00014] In a third aspect, the invention provides a method of treating a wound, mucous
membrane lesion, or skin lesion infected or contaminated with a bacterial biofilm, the method
comprising topically administering to the wound, mucous membrane lesion, or skin lesion a
composition consisting of thermolysin and a pharmaceutical carrier, wherein the bacterial
biofilm is reduced or climinated, and wherein the wound, mucous membrane lesion, or skin
lesion is free of necrotic tissue and debridement is not required to access the wound, mucous
membrane lesion, or skin lesion, wherein thermolysin is the only active ingredient in the
composition that reduces or eliminates the biofilm.

[00015] In a fourth aspect, the invention provides a method of reducing or eliminating
a bacterial biofilm on a biological surface, the method comprising administering to the
biological surface a composition consisting of thermolysin and a pharmaceutical carrier,
wherein the biological surface is free of necrotic tissue and debridement is not required to
access the biological surface, wherein the thermolysin is the only active ingredient in the
composition that reduces or eliminates the biofilm.

[00016] In another aspect, disclosed are methods for treating wounds, mucous
membrane lesions, skin lesions, and/or other biological surfaces infected or contaminated
with bacterial biofilms by administering thermolysin or compositions comprising thermolysin

to the surfaces.
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[00017] In still another aspect, disclosed are methods for preventing, reducing, or
eliminating bacterial biofilms on non-biological surfaces by administering thermolysin or
compositions comprising thermolysin to the surfaces.

[00018] In still another aspect, disclosed are compositions comprising thermolysin
useful for the reduction or elimination of bacterial biofilms present on biological and non-
biological surfaces.

[00019] Also disclosed in the context of the present invention are embodiments 1 to
51. Embodiment 1 is a method of treating a wound, mucous membrane lesion, or skin lesion
infected or contaminated with a bacterial biofilm, the method comprising topically
administering to the wound, mucous membrane lesion, or skin lesion a composition
comprising thermolysin, wherein the bacterial biofilm is reduced or eliminated. Embodiment
2 is the method of embodiment 1, wherein the composition further comprises a carrier.
Embodiment 3 is the method of any one of embodiments 1 to 2, wherein the bacterial biofilm
is a gram-positive bacterial biofilm. Embodiment 4 is the method of embodiment 3, wherein
the gram-positive bacterial biofilm is a Staphylococcus sp. Embodiment 5 is the method of
embodiment 4, wherein the Staphylococcus sp. is Staphylococcus aureus. Embodiment 6 is
the method of embodiment 5, wherein the Staphylococcus sp. is methicillin resistant
Staphylococcus aureus (MRSA). Embodiment 7 is the method of any one of embodiments 1
to 2, wherein the bacterial biofilm is a gram-negative bacterial biofilm. Embodiment 8 is the
method of embodiment 7, wherein the gram-negative bacterial biofilm is a Pseudomonas sp.
Embodiment 9 is the method of embodiment 8, wherein the Pseudomonas sp. is
Pseudomonas aeruginosa. Embodiment 10 is the method of any one of embodiments 1 to 9,
wherein the wound is a chronic wound. Embodiment 11 is the method of embodiment 10,
wherein the chronic wound is a diabetic foot ulcer, venous ulcer, arterial ulcer, decubitus

ulcer, stasis ulcer, pressure ulcer, or burn. Embodiment 12 is the method of any one of
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embodiments 1 to 9, wherein the skin lesion or mucous membrane lesion is a blister,
ulceration, abrasion, wart, abscess, scrape, or infection. Embodiment 13 is the method of any
one of embodiments 1 to 12, wherein the concentration of thermolysin is at an amount that
results in a reduction or elimination of the bacterial biofilm on the wound, mucous membrane
lesion, or skin lesion. Embodiment 14 is the method of any one of embodiment 1 to 13,
wherein the concentration of thermolysin is at least 0.00001 mg/mL, at least 0.0001 mg/mL,
at least 0.001 mg/mL, at least 0.01 mg/mL, at least 0.1 mg/mL, at least 1.0 mg/mL, or at least
10 mg/mL. Embodiment 15 is the method of any one of embodiments 2 to 14, wherein the
carrier is a lotion, solution, suspension, liquid, emulsion, cream, gel, ointment, paste, acrosol
spray, aerosol foam, non-aerosol spray, non-aerosol foam, film, or sheet. Embodiment 16 is
the method of embodiment 15, wherein the carrier is a pharmaceutically acceptable carrier.
Embodiment 17 is the method of any one of embodiments 1 to 16, wherein the composition
further comprises an antibacterial agent. Embodiment 18 is a method of reducing or
eliminating a bacterial biofilm on a biological surface, the method comprising administering
to the biological surface a composition comprising thermolysin. Embodiment 19 is the
method of embodiment 21, wherein the composition further comprises a carrier.
Embodiment 20 is the method of any one of embodiments 18 to 19, wherein the biological
surface is a wound. Embodiment 21 is the method of embodiment 20, wherein the wound is
a chronic wound. Embodiment 22 is the mecthod of embodiment 21, wherein the chronic
wound is a diabetic foot ulcer, venous ulcer, arterial ulcer, decubitus ulcer, stasis ulcer,
pressure ulcer, or burn. Embodiment 23 is the method of any one of embodiments 18 to 19,
wherein the biological surface is a skin lesion, or mucous membrane lesion. Embodiment 24
is the method of embodiment 23, wherein the skin lesion or mucous membrane lesion, is a
blister, ulceration, abrasion, wart, abscess, scrape, or infection. Embodiment 25 is the

method of any one of embodiments 18 to 19, wherein the biological surface is an internal
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organ, a body cavity, an oral cavity, a bone tissue, a muscle tissue, a nerve tissue, an ocular
tissue, a urinary tract tissue, a lung tissue, a trachea tissue, a sinus tissue, an ear tissue, a
dental tissue, a gum tissue, a nasal tissue, a vascular tissue, a cardiac tissue, an epithelium
tissue, an epithelial lesion, a vaginal tissue, or a peritoneal tissue. Embodiment 26 is the
method of any one of embodiments 18 to 25, wherein the bacterial biofilm is a gram-positive
bacterial biofilm. Embodiment 27 is the method of embodiment 26, wherein the gram-
positive bacterial biofilm is a Staphylococcus sp. Embodiment 28 is the method of
embodiment 27, wherein the Staphylococcus sp. is Staphylococcus aureus. Embodiment 29
is the method of embodiment 28, wherein the Staphylococcus sp. is methicillin resistant
Staphylococcus aureus (MRSA). Embodiment 30 is the method of any one of embodiments
18 to 25, wherein the bacterial biofilm is a gram-negative bacterial biofilm. Embodiment 31
is the method of embodiment 30, wherein the gram-negative bacterial biofilm is a
Pseudomonas sp. Embodiment 32 is the method of embodiment 31, wherein the
Pseudomonas sp. is Pseudomonas aeruginosa. Embodiment 33 is the method of any one of
embodiments 18 to 32, wherein the concentration of the thermolysin is at an amount that
results in a reduction or elimination of the bacterial biofilm on the biological surface.
Embodiment 34 is the method of any one of embodiment 18 to 33, wherein the concentration
of thermolysin is at least 0.00001 mg/mL. Embodiment 35 is the method of any one of
embodiments 19 to 34, wherein the carrier is a pharmaceutical carrier. Embodiment 36 is the
method of embodiment 35, wherein the pharmaceutical carrier is a lotion, solution,
suspension, liquid, emulsion, cream, gel, ointment, paste, acrosol spray, aerosol foam, non-
aerosol spray, non-aerosol foam, film, or sheet. Embodiment 37 is a method of reducing or
eliminating a bacterial biofilm on a non-biological surface, the method comprising
administering to the non-biological surface a composition comprising thermolysin.

Embodiment 38 is the method of embodiment 37, wherein the composition further comprises

-8-
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a carrier suitable for application to a non-biological surface. Embodiment 39 is the method of
an of embodiments 37 or 38, wherein the non-biological surface is the surface of a medical
device. Embodiment 40 is the method of embodiment 39, wherein the medical device is a
urinary tract prosthesis, urinary tract catheter, peritoneal membrane catheter, peritoneal
dialysis catheter, indwelling catheter for hemodialysis, indwelling catheter for administration
of chemotherapeutic agents, cardiac implant, pacemaker, prosthetic heart valve, ventricular
assist device, synthetic vascular graft, synthetic vascular stent, prosthesis, percutaneous
suture, tracheal tubing, or ventilator tubing. Embodiment 41 is the method of any one of
embodiments 37 to 40, wherein the concentration of the thermolysin is at an amount that
results in a reduction or elimination of the bacterial biofilm on the non-biological surface.
Embodiment 42 is the method of any one of embodiment 37 to 41, wherein the concentration
of thermolysin is at least 0.00001 mg/mL. Embodiment 43 is an article of manufacture
comprising a surface coated with a composition comprising thermolysin. Embodiment 44 is
the article of manufacture of embodiment 43, wherein the article of manufacture is a medical
device. Embodiment 45 is the article of manufacture of embodiment 44, wherein the medical
device is a urinary tract prosthesis, urinary tract catheter, peritoneal membrane catheter,
peritoneal dialysis catheter, indwelling catheter for hemodialysis, indwelling catheter for
administration of chemotherapeutic agents, cardiac implant, pacemaker, prosthetic heart
valve, ventricular assist device, synthetic vascular graft, synthetic vascular stent, prosthesis,
percutaneous suture, tracheal tubing, or ventilator tubing. Embodiment 46 is the article of
manufacture of any one of embodiments 43 to 45, wherein a biofilm is not present on the
surface of the article of manufacture prior to coating with the composition. Embodiment 47
is the article of manufacture of any one of embodiments 43 to 45, wherein a biofilm is present
on the surface of the article of manufacture prior to coating the surface with the composition.

Embodiment 48 is a method of treating a surface of an article of manufacture to prevent or

-9-
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reduce the likelihood of biofilm formation on said surface, the method comprising coating the
surface with a composition comprising thermolysin. Embodiment 49 is the method of
embodiment 48, wherein the article of manufacture is a medical device. Embodiment 50 is
the method of embodiment 49, wherein the medical device is a urinary tract prosthesis,
urinary tract catheter, peritoneal membrane catheter, peritoneal dialysis catheter, indwelling
catheter for hemodialysis, indwelling catheter for administration of chemotherapeutic agents,
cardiac implant, pacemaker, prosthetic heart valve, ventricular assist device, synthetic
vascular graft, synthetic vascular stent, prosthesis, percutaneous suture, tracheal tubing, or
ventilator tubing. Embodiment 51 is the method of embodiment 48, wherein the article of
manufacture is an electrospun polymer fiber or nanofiber, and wherein the composition
comprising thermolysin is covalently attached to or adsorbed onto the electrospun polymer
fiber or nanofiber.

[00020] Unless otherwise specified, the percent values expressed herein are weight by
weight and are in relation to the weight of the total composition. By way of example, 10
grams of component in 100 grams of material is 10 wt. % of component.

[00021] The terms “reduce”, “reduced”, “reducing”, or “reduction” in the context of a
bacterial biofilm means a reduction in the count of bacteria in the biofilm.

[00022] The terms “treat,” “treated,” “treatment”, or “treating,” in the context of
treating a bacterial biofilm on a biological surface, or treating a mucous membrane lesion, a
wound, or a skin lesion, means any measurable reduction or complete elimination of the
bacterial biofilm, and/or a therapeutic improvement of the mucous membrane lesion, wound,
or skin lesion.

[00023] The term “effective,” in the context of treating a bacterial biofilm or treating a
wound, mucous membrane lesion, or skin lesion means adequate to accomplish a desired,

expected, or intended result, including a therapeutic improvement.
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[00024] The terms “eliminate”, “eliminated”, “eliminating”, or “elimination” in the
context of a bacterial biofilm means total eradication of the bacteria present in the biofilm.
[00025] The terms “prevent”, “prevented”, or “preventing” in the context of a bacterial
biofilm means reduced likelihood or complete prevention of bacterial biofilm formation on a
surface such as a biological or a non-biological surface that has been coated with a
composition of the present invention.

[00026] The term “wound” as used herein means an external wound of the skin or
mucous membranes and includes chronic and acute wounds.

[00027] The term “lesion” as used herein means a region on a bodily tissue that has
suffered damage through injury or disease.

[00028] The terms “about” or “approximately” are defined as being close to as
understood by one of ordinary skill in the art, and in one non-limiting embodiment the terms
are defined to be within 10%, preferably within 5%, more preferably within 1%, and most
preferably within 0.5%.

[00029] The words “comprising” (and any form of comprising, such as “comprise” and
“comprises”), “having” (and any form of having, such as “have” and “has”), “including” (and
any form of including, such as “includes” and “include”) or “containing” (and any form of
containing, such as “contains” and “contain”) are inclusive or open-ended and do not exclude
additional, unrecited elements or method steps.

[00030] The use of the word “a” or “an” when used in conjunction with the terms

Lh 1Y LE T

“comprising”, “having”, “including”, or “containing” (or any variations of these words) may

EE N1

mean “one,” but it is also consistent with the meaning of “one or more,” “at least one,” and

“one or more than one.”
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[00031] The compositions and methods for their use can “comprise,” “consist
essentially of,” or “consist of” any of the ingredients or steps disclosed throughout the
specification.

[00032] It is contemplated that any embodiment discussed in this specification can be
implemented with respect to any method or composition of the invention, and vice versa.
Furthermore, compositions of the invention can be used to achieve methods of the invention.
[00033] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detailed description and the specific examples, while indicating specific embodiments of the
invention, are given by way of illustration only, since various changes and modifications
within the spirit and scope of the invention will become apparent to those skilled in the art

from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[00034] FIG. 1. A graph showing the effect of thermolysin on a S. aureus bacterial
biofilm in-vitro when compared with collagenase and a Control.

DETAILED DESCRIPTION OF THE INVENTION

[00035] The present invention relates to methods and compositions useful for the
reduction, elimination, or prevention of bacterial biofilms and/or growth of such biofilms on
surfaces. In particular, the present invention provides compositions comprising thermolysin
which exhibit activity against bacterial biofilms, and methods of administering these
compositions to biological and non-biological surfaces infected or contaminated with
bacterial biofilms thereby effectively reducing or eliminating the bacterial biofilms.
Additionally, surfaces susceptible to biofilm formation (e.g., medical devices) can be treated
with such compositions to prevent biofilm formation. In one aspect, the present invention

relates to methods and compositions useful for the treatment of wounds, skin lesions, mucous
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membrane lesions, and other biological surfaces infected or contaminated with bacterial
biofilms. In another aspect, the present invention relates to methods and compositions useful
for the reduction, elimination, or prevention of bacterial biofilms and/or growth of such
biofilms on non-biological surfaces such as medical devices. Without being bound by theory,
thermolysin may disrupt and/or digest the extracellular polymeric substance (EPS) matrix of
the bacterial biofilm thereby reducing, eliminating, and/or preventing biofilm growth or
formation. Thermolysin may also exhibit bactericidal activity on the bacteria.

L. Compositions

[00036] The compositions of the present invention comprise thermolysin.
Thermolysin is a thermostable metalloproteinase made by a fermentation process from a
bacterial species called Bacillus thermoproteolyticus rokko that cleaves at the N-terminus of
the hydrophobic residues leucine, phenylalanine, valine, isoleucine, alanine, and methionine.
Amano Japan is a manufacturer and supplier of thermolysin. The thermolysin can be isolated
and/or purified. The CAS No. for thermolysin is 9073-78-3.

[00037] The concentration of the thermolysin in the composition is at an amount that
results in a reduction or elimination of a bacterial biofilm on a surface when the composition
is administered to the surface. In various embodiments, the concentration of thermolysin in
the compositions of the invention can be at least 0.00001 mg/mL, or at least 0.0001 mg/mL,
or at least 0.001 mg/mL, or at least 0.01 mg/mL, or at least 0.1 mg/mL, or at least 1.0 mg/mL,
or at least 10 mg/mL, or from 0.00001 mg/mL to 10 mg/mL, or from 0.0001 mg/mL to 10
mg/mL, or from 0.001 mg/mL to 10 mg/mL, or from 0.01 mg/mL to 10 mg/mL, or from 0.1
mg/mL to 10 mg/mL, or from 1.0 mg/mL to 10 mg/mL, or from 0.00001 mg/mL to 1.0
mg/mL or from 0.0001 mg/mL to 1.0 mg/mL, or from 0.001 mg/mL to 1.0 mg/mL, or from
0.01 mg/mL to 1.0 mg/mL, or from 0.1 mg/mL to 1.0 mg/mL, or from 0.00001 mg/mL to 0.1

mg/mL or from 0.0001 mg/mL to 0.1 mg/mL, or from 0.001 mg/mL to 0.1 mg/mL, or from
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0.01 mg/mL to 0.1 mg/mL, or from 0.00001 mg/mL to 0.01 mg/mL, or from 0.0001 mg/mL
to 0.01 mg/ mL, or from 0.001 mg/mL to 0.01 mg/mL, or from 0.00001 mg/mL to 0.001
mg/mL, or from 0.0001 mg/mL to 0.001mg/mL, or from 0.00001 mg/mL to 0.001 mg/mL, or
can be 0.00001 mg/mL, or 0.0001 mg/mL, or 0.001 mg/mL, or 0.01 mg/mL, or 0.1 mg/mL,
or 1.0 mg/mL, or 10 mg/mL.

[00038] The compositions of the invention can comprise an acceptable carrier such as
a carrier suitable for application to biological surfaces including wounds, mucous
membranes, skin, organs and other biological tissues; or a carrier suitable for application to
non-biological surfaces including medical devices. The carrier can be a pharmaceutically
acceptable carrier. The carrier can be a carrier suitable for topical delivery and treatment.
Non-limiting examples of carriers include lotions, solutions, suspensions, liquids, emulsions,
creams, gels, ointments, pastes, aerosol sprays, acrosol foams, non-aerosol sprays, non-
aerosol foams, films, powders, and sheets. The compositions can be impregnated in gauzes,
bandages, or other wound dressing materials. Non-limiting examples of carriers suitable for
topical treatment of skin, mucous membranes and wounds include those carriers disclosed in
US patent 6,399,092, herein incorporated by reference, which are anhydrous, hydrophilic
carriers comprising a super absorbent polymer, an antimicrobial agent, and poloxamers
and/or polyols. The carriers disclosed in US publication 2016/0008293, herein incorporated
by reference, which are dissolvable gel-forming film compositions with a water content of
less than 15% w/w comprising a water-soluble cellulose ether, a hydrophilic rheological
modifying agent, and a proteolytic enzyme, wherein the gel-forming film is capable of
forming a hydrogel when in contact with water or other aqueous medium, are suitable carriers
for topical treatment of skin, mucous membranes, and wounds. The carriers disclosed in US
publication 2013/0045196, herein incorporated by reference, which are compositions

comprising a dispersed phase comprising a liquid hydrophilic polyol and a proteolytic
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enzyme, and a continuous phase comprising a hydrophobic base, are suitable carriers for
topical treatment of skin, mucous membranes, and wounds. The carriers disclosed in US
publication 2015/0283217, herein incorporated by reference, which are hydrogel
compositions comprising a hydrophilic gelling agent that includes a nonionic cellulose ether
and thermolysin, are suitable carriers for topical treatment of skin, mucous membranes, and
wounds. The carriers disclosed in US patent 7,785,584, herein incorporated by reference,
which are spray-on compositions comprising a cryptoanionic surfactant emulsifier
comprising an alkoxylated fatty alcohol and mono and diester phosphates; at least one wound
healing agent, emollient, humectant, preservative, or anti-microbial; and a proteolytic
enzyme, are suitable carriers for topical treatment of skin, mucous membranes, and wounds.
[00039] Other non-limiting examples of suitable carriers include petrolatum-based
ointments, polyethylene glycol-based ointments and gels, poloxamer based ointments and
gels, anhydrous compositions, aqueous-based compositions, hydrophobic compositions,
and/or hydrophilic compositions.

[00040] The compositions of the invention may further comprise functional ingredients
suitable for use in compositions for application to biological surfaces or non-biological
surfaces. Non-limiting examples include absorbents, super absorbents, antibacterial agents,
antioxidants, binders, buffering agents, bulking agents, chelating agents, colorants, biocides,
deodorant agents, emulsion stabilizers, film formers, fragrance ingredients, humectants, lytic
agents, enzymatic agents, opacifying agents, oxidizing agents, pH adjusters, plasticizers,
preservatives, reducing agents, emollient skin conditioning agents, humectant skin
conditioning agents, moisturizers, surfactants, emulsifying agents, cleansing agents, foaming
agents, hydrotopes, solvents, suspending agents, viscosity control agents (rheology
modifiers), viscosity increasing agents (thickeners), and/or propellants. Listings and

monographs of suitable functional ingredients are disclosed in McCutcheon’s Vol. 1
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Emulsifiers & Detergents, and Vol. 2 Functional Materials, 2001, herein incorporated by
reference.

[00041] The compositions of the invention can further comprise pharmaceutically
active ingredients, cosmetically active ingredients, vulnerary agents, wound healing agents,
antibiotics, anti-fungal agents, antiseptics, cleansing agents, and antibacterial agents. The
compositions can be sterile or preserved with preservatives.

[00042] Various antibacterial agents are suitable for use with the present invention.
Suitable antibacterial agents include silver compounds such as the following non-limiting
examples: elemental silver, silver nanoparticles, silver zeolite, silver sulfadiazine, ionized
silver, and silver salts such as silver chloride and silver nitrate. Other suitable antibacterial
agents include iodine compounds such as the following non-limiting examples: iodine,
tincture of iodine, Lugol’s iodine solution, iodides, iodine topical solution, iodine complexed
with phosphate ester of alkylaryloxy polyethylene, iodoquinol, undecoylium chloride-iodine,
nonylphenoxypolyethanol-iodine complex, and iodophors such as povidone-iodine (PVP-
iodine), polyvinyl alcohol-iodine, polyvinyl oxazolidone-iodine, polyvinyl imidazole-iodine,
polyvinyl morpholone-iodine, and polyvinyl caprolactam-iodine, nonylphenolethoxylate-
iodine, soluble starch-iodine, betacyclodextrin-iodine, polyoxyethylenepolyoxypropylene
condensate-iodine, ethoxylated linear alcohol-iodine, and cadexomer-iodine. Additional non-
limiting examples of suitable antibacterial agents include: chlorhexidine and its salts
dihydrochloride, diacetate, and digluconate; quaternary ammonium compounds such as
benzalkonium chloride, benzethonium chloride, methylbenzethonium chloride, cetalkonium
chloride, cetylpyridinium chloride, cetrimonium, cetrimide, dofanium chloride,
tetracthylammonium bromide, didecyldimethylammonium chloride and domiphen bromide;
chlorine containing compounds such as sodium hypochlorite, calcium hypochlorite, and

chlorine dioxide; hydrogen peroxide; benzoic acid and its salts; benzoyl peroxide; benzyl
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alcohol; bispyrithione salts; boric acid; camphorated metacresol; camphorated phenol;
chlorobutanol; cloflucarban; dapsone; dehydroacetic acid and its salts; ethyl alcohol;
hexachlorophene; hexitidine; hexylresorcinol; hydroxybenzoic acid and its salts; isopropyl
alcohol; mafenide acetate; magnesium pyrithione; merbromin; mercufenol chloride;
methylparaben; metronidazole and its derivatives; mupirocin and its salts; nitrofurazone; n-
Propanol; organic peroxides; p-chloro-m-xylenol; phenol; phenoxyethanol; phenyl alcohol;
phenyl ethyl alcohol; selenium sulfide; sodium oxychlorosene; sodium sulfacetmide; sorbic
acid and its salts; sulfur; tetrachlorosalicylanilide; thymol; tribromsalan; triclocarbon;
triclosan; and zinc pyrithione. Antibacterial peptides and antibiotics are also suitable
antibacterial agents. In some embodiments, the compositions of the invention further
comprise one or more antibacterial agents. In other embodiments, the compositions of the
invention further comprise one or more antibiotic agents. In other non-limiting embodiments,
the compositions of the invention may not include any of the aforementioned antibacterial
agents and/or antibiotic agents such that thermolysin is the primary or sole active in treating
the biofilm.

[00043] The compositions of the present invention may be packaged in any suitable
package configuration. Non-limiting examples include bottles, lotion pumps, toddles, tubes,
jars, non-aerosol pump sprayers, aerosol containers, pouches, and/or packets. The packages
may be configured for single-use or multiple-use administration.

A. Manufacture

[00044] The compositions of the invention may be manufactured by methods and
equipment known in the art for manufacture of pharmaceutical and topical products, and
products designed for application to non-biological surfaces, such as medical devices. Such
methods include, but are not limited to the use of mechanical mixers including LIGHTNIN

propeller mixers; COWLES dissolvers; SILVERSON dispersers; counter-rotating side-
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scrapping mixers; homogenizers and dispersers, including in-line or in-tank rotor-stator
homogenizers; and mills, including 3-roll mills, ointment mills, or rotor-stator mills. “All-in-
one” vacuum mixing systems that have a rotating side-scrapping mixer plus an in-tank
homogenizer may also be used. Such mixers include, but are not limited to OLSA mixers,
FRYMA-KORUMA mixers, and LEE TRI-MIX TURBO-SHEAR kettles. The compositions
of the invention can be manufactured from small laboratory scale batches to full-scale
production batches.
II. Bacterial Biofilms
[00045] The compositions of the invention are suitable for the reduction of bacteria in
and/or elimination of both gram-positive and gram-negative bacterial biofilms. The
compositions can also be used to prevent such biofilm formation on surfaces such as medical
devices. Non-limiting examples of gram-positive bacteria include Staphylococcus spp., such
as Staphylococcus aureus, methicillin resistant Staphylococcus aureus (MRSA), and
Staphylococcus epidermidis; Streptococcus spp, such as Streptococcus pneumonia; Bacillus
spp.; Listeria monocytogenes; enterococci spp.; and lactic acid bacteria, such as Lactobacillus
plantarum and Lactococcus lactis. Non-limiting examples of gram-negative bacteria include
Pseudomonas spp., such as Pseudomonas aeruginosa; and Escherichia coli.

A. In-vitro Biofilm Model
[00046] An in-vitro biofilm model was used to evaluate the biofilm efficacy of the
formulations of the invention against bacterial biofilms. Bacteria are spotted onto a collagen
matrix resting on a filter on a blood agar plate and incubated to allow biofilm formation. The
model mimics in-vivo wound biofilms in that nutrients are provided from below the biofilm
while topical treatments are applied at the air interface above. This in-vitro model and
methodology is disclosed in the poster presentation, A Versatile In Vitro Biofilm Model

Using Two Wound Pathogens to Screen Formulations, Van der Kar, et al., presented at the

- 18 -

20833590_1 (GHMatters) P110693.AU



19 Jun 2024

2017304271

20

25

2010 Wound Healing Society Annual Meeting, Poster BRC09, on April 18, 2010 in Orlando,
FL, and is herein incorporated by reference. Further in-vitro biofilm models and
methodologies are disclosed in the following publications, all of which are herein
incorporated by reference: Penetration of Rifampin through Staphyvlococcus epidermidis
Biofilms, Zheng, et al., Antimicrobial Agents and Chemotherapy, Mar. 2002, p. 900-903;
Oxygen Limitation Contributes to Antibiotic Tolerance of Pseudomonas aeruginosa in
Biofilms, Borriello et al., Antimicrobial Agents and Chemotherapy, July 2004, p. 2659-2664;
and Heterogeneity in Pseudomonas aeruginosa Biofilms Includes Expression of Ribosome
Hibernation Factors in the Antibiotic-Tolerant Subpopulation and Hypoxia-Induced Stress
Response in the Metabolically Active Population, Williamson et al., Journal of Bacteriology,
February 2012, p. 2062-2073.

III.  Methods of Use and Treatment

[00047] The compositions of the invention are useful for the reduction of bacteria in
and/or elimination of bacterial biofilms on biological and non-biological surfaces, and are
also useful for treatment of wounds, skin lesions, mucous membrane lesions, and other
biological surfaces infected or contaminated with bacterial biofilms. The compositions can
also be used to prevent biofilm growth or formation on surfaces susceptible of growing or
forming biofilms (e.g., a surface of a medical device). Disclosed are methods of treating a
wound, mucous membrane lesion, skin lesion, or other biological surface infected or
contaminated with a bacterial biofilm, the method comprising administering to the wound,
mucous membrane lesion, skin lesion, or biological surface a composition comprising
thermolysin, wherein the bacterial biofilm is reduced or eliminated. Subsequently following
treatment with the composition, other compositions comprising pharmaceutically active
ingredients, cosmetically active ingredients, vulnerary agents, wound healing agents,

antibiotics, anti-fungal agents, antiseptic agents, cleansing agents, and/or antibacterial agents,
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can be administered to the wound, mucous membrane lesion, skin lesion, or biological
surface for further treatment.

A. Biological Surfaces
[00048] The compositions of the invention are useful for reducing or eliminating a
bacterial biofilm on a biological surface by administering the compositions to the biological
surface. Non-limiting examples of biological surfaces include wounds (including chronic and
acute wounds), skin lesions, skin, mucous membranes, mucous membrane lesions, internal
organs, body cavity, oral cavity, bone tissue, muscle tissue, nerve tissue, ocular tissue, urinary
tract tissue, lung and trachea tissue, sinus tissue, ear tissue, dental tissue, gum tissue, nasal
tissue, vascular tissue, cardiac tissue, epithelium, and epithelial lesions, and peritoneal tissue.
Non-limiting examples of chronic wounds include diabetic foot ulcers, venous ulcers, arterial
ulcers, decubitus ulcers, stasis ulcers, pressure ulcers, and burns. Non-limiting examples of
acute wounds include cuts and surgical wounds. Non-limiting examples of skin lesions and
mucous membrane lesions include blisters, ulcers, abrasions, warts, abscesses, scrapes, and
skin and mucosal infections such as staph or MRSA infections. Examples of skin lesions and
mucous membrane lesions are disclosed in “Description of Skin Lesions”, MacNeal, Robert
J., the on-line Merck Manual Professional ~ Version, March 2013,
http://www.merckmanuals.com/professional/dermatologic-disorders/approach-to-the-
dermatologic-patient/description-of-skin-lesions herein incorporated by reference. Skin
lesions can appear on the epidermis, lips, ear canal, scalp, cuticle, nail bed, or genitalia.
Mucous membrane lesions can appear on the oral mucosa, nasal mucosa, penile and vaginal
mucosa, or anus.

B. Topical Treatment of Wounds
[00049] The compositions of the invention are useful for the treatment of wounds,

including chronic wounds and acute wounds, infected or contaminated with bacterial
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biofilms, by topically administering the compositions to the wound. Non-limiting examples
of chronic wounds include diabetic foot ulcers, venous ulcers, arterial ulcers, decubitus
ulcers, stasis ulcers, pressure ulcers, and burns. Non-limiting examples of acute wounds
include cuts and surgical wounds. In some embodiments, the wound includes eschar and/or
necrotic tissue and is in need of debridement. In various embodiments, the compositions
serve a dual function and further debride wounds that are in need of debridement in addition
to reducing or eliminating a bacterial biofilm present in the wounds. In other embodiments,
the wound does not include eschar and/or necrotic tissue and is not in need of debridement.

C. Topical Treatment of Skin Lesions and Mucous Membrane Lesions
[00050] The compositions of the invention are useful for the treatment of skin lesions
or mucous membrane lesions infected or contaminated with bacterial biofilms by topically
administering the compositions to the skin lesion or mucous membrane lesions. Non-limiting
examples of skin lesions and mucous membrane lesions include blisters, ulcerations,
abrasions, warts, abscesses, scrapes, and skin and mucosal infections such as staph or MRSA
infections. Skin lesions can appear on the epidermis, lips, ear canal, scalp, cuticle, nail bed,
or genitalia. Mucous membrane lesions can appear on the oral mucosa, nasal mucosa, penile
and vaginal mucosa, or anus. In some embodiments, the mucous membrane lesion or skin
lesion includes eschar and/or necrotic tissue and is in need of debridement. In various
embodiments, the compositions serve a dual function and further debride lesions that are in
need of debridement in addition to reducing or eliminating a bacterial biofilm present in the
lesions. In other embodiments, the mucous membrane lesion or skin lesion does not include
eschar and/or necrotic tissue and is not in need of debridement.

D. Treatment of other Biological Surfaces
[00051] The compositions of the invention are useful for the treatment of other

biological surfaces infected or contaminated with bacterial biofilms by administering the
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compositions to the biological surface. Non-limiting examples of other biological surfaces
include internal organs, body cavity, oral cavity, bone tissue, muscle tissue, nerve tissue,
ocular tissue, urinary tract tissue, lung tissue, trachea tissue, sinus tissue, ear tissue, dental
tissue, gum tissue, nasal tissue, vascular tissue, cardiac tissue, epithelium tissue, epithelial
lesions, vaginal tissue, and/or peritoneal tissue.
E. Non-Biological Surfaces

[00052] The compositions of the invention are useful for reducing or eliminating a
bacterial biofilm on a non-biological surface, such as the surface of an article of manufacture
such as a medical device, by administering the compositions to the non-biological surface.
The compositions can also be used to prevent biofilm growth or formation on these non-
biological surfaces. Such surfaces can be susceptible to biofilm growth or formation due to
their exposure to human tissue and/or wounds. Non-limiting examples of medical devices
include urinary tract prostheses; urinary tract catheters, peritoneal membrane catheters,
peritoneal dialysis catheters, indwelling catheters for hemodialysis and for chronic
administration of chemotherapeutic agents (Hickman catheters); cardiac implants such as
pacemakers, prosthetic heart valves, ventricular assist devices, and synthetic vascular grafts
and stents; prostheses; percutaneous sutures; and tracheal and ventilator tubing.

[00053] The surface of an article of manufacture, including medical devices, can be
coated with the compositions of the inventions in order to prevent the formation of bacterial
biofilms on the surface of the article of manufacture. Additional suitable articles of
manufacture include electrospun polymer fibers and/or nanofibers such as
polymethylmethacrylate (PMMA) electrospun fibers. In some embodiments, a bacterial
biofilm is not present on the surface prior to coating. In other embodiments, a bacterial
biofilm is present on the surface prior to coating. Various methods known in the art for

coating an article of manufacture with thermolysin can be employed such as spraying or

-22 -

20833590_1 (GHMatters) P110693.AU



19 Jun 2024

2017304271

20

25

dipping. Additional methods of coating can also include covalent attachment or adsorption of
thermolysin to a non-biological surface, including surfaces of electrospun polymer fibers
and/or nanofibers. Methods of covalently attaching or adsorbing proteins and enzymes to
electrospun polymer fibers and/or nanofibers are disclosed in Ahn et al., Robust trypsin
coating on electrospun polymer nanofibers in rigorous conditions and its uses for protein
digestion, Biotechnol. Bioeng. Dec. 2010;107: 917-923, and Polini et al.,, Collagen-
functionalised electrospun polymer fibers for bioengineering applications, Soft Matter, Feb.
2010, 6, 1668-1674, both of which are herein incorporated by reference. In one embodiment,
disclosed is a method of treating a surface of an article of manufacture to prevent or reduce
the likelihood of biofilm formation on said surface, the method comprising coating the
surface with a composition comprising thermolysin. In another embodiment, the article of
manufacture is an electrospun polymer fiber or nanofiber and the composition comprising
thermolysin is covalently attached to or adsorbed onto the electrospun polymer fiber or
nanofiber.
EXAMPLES

Example 1: In-vitro Biofilm Study with Thermolysin and Collagenase

[00054] An in-vitro assay was performed to demonstrate the bacterial biofilm
reduction capabilities of thermolysin. In this assay, S. aureus ATCC 6538 was suspended in
a growth media of tryptic soy broth supplemented with 0.25% glucose for optimal bacterial
biofilm formation. The suspension was transferred to the wells of sterile 96 well plates and
incubated for 22 hours at 37° C with one change of media. After formation of the bacterial
biofilm, the growth media was replaced with solutions of thermolysin dissolved in growth
media at various concentrations and solutions of collagenase dissolved in growth media at the
same concentrations (enzyme concentrations were 0.000001 mg/mL, 0.00001 mg/mL, 0.0001

mg/mL, 0.001 mg/mL, 0.01 mg/mL, 0.1 mg/mL, 1.0 mg/mL, and 10 mg/mL). After 16
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hours, the remaining attached bacteria were quantified by aspirating the enzyme solutions
(enzyme + growth media) and washing the plate thoroughly followed by crystal violet
staining and recording the absorbance at 570 nm. A Control without enzyme was also tested.
The crystal violet stained the remaining attached bacteria. A decreased absorbance compared
to the Control indicates a reduction of attached bacteria meaning a reduction of the bacterial
biofilm occurred. FIG. 1 provides a summary of these data. As illustrated in FIG. 1,
thermolysin was effective in reducing the bacterial biofilm at concentrations of 0.00001
mg/mL — 10 mg/mL, and was far more effective at reducing the bacterial biofilm than
collagenase at these concentrations. The surprising nature of this discovery is based on the
general knowledge that proteases are not thought to be overly effective on their own in
reducing or eliminating bacterial biofilms.

[00055] It is to be understood that, if any prior art publication is referred to herein,
such reference does not constitute an admission that the publication forms a part of the
common general knowledge in the art, in Australia or any other country.

[00056] In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is used
in an inclusive sense, i.¢. to specify the presence of the stated features but not to preclude the

presence or addition of further features in various embodiments of the invention.
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CLAIMS

The claims defining the invention are as follows:

1. A method of treating a wound, mucous membrane lesion, or skin lesion infected or
contaminated with a bacterial biofilm, the method comprising topically administering
to the wound, mucous membrane lesion, or skin lesion a composition consisting of
thermolysin and a pharmaceutical carrier, wherein the bacterial biofilm is reduced or
eliminated, and wherein thermolysin is the sole active ingredient in the composition

that reduces or eliminates the biofilm.

2. The method of claim 1, wherein the wound, mucous membrane lesion, or skin does

not include necrotic tissue and has no need of debridement.

3. The method of claim 1 or claim 2, wherein the bacterial biofilm is a gram-positive

bacterial biofilm.

4, The method of claim 1 or claim 2, wherein the bacterial biofilm is a gram-negative

bacterial biofilm.

5. The method of any one of claims 1 to 4, wherein the wound is a chronic wound, and
wherein the chronic wound is a diabetic foot ulcer, a venous ulcer, an arterial ulcer, a

decubitus ulcer, a stasis ulcer, a pressure ulcer, or a burn.

6. The method of any one of claims 1 to 5, wherein the concentration of thermolysin is
at an amount that results in a reduction or elimination of the bacterial biofilm on the

wound, mucous membrane lesion, or skin lesion.

7. The method of any one of claim 1 to 6, wherein the concentration of thermolysin is

from 0.0001 mg/mL to 10 mg/mL.

8. A method of reducing or eliminating a bacterial biofilm on a biological surface, the
method comprising administering to the biological surface a composition consisting
of thermolysin and a pharmaceutical carrier, wherein the bacterial biofilm is reduced
or ecliminated, and wherein thermolysin is the sole active ingredient in the

composition that reduces or eliminates the biofilm.
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12.

13.

14.

15.

The method of claim 8, wherein the biological surface is a chronic wound, and
wherein the chronic wound is a diabetic foot ulcer, a venous ulcer, an arterial ulcer, a

decubitus ulcer, a stasis ulcer, a pressure ulcer, or a burn.

The method of claim 8, wherein the biological surface is a skin lesion, a mucous
membrane lesion, an internal organ, a body cavity, an oral cavity, a bone tissue, a
muscle tissue, a nerve tissue, an ocular tissue, a urinary tract tissue, a lung tissue, a
trachea tissue, a sinus tissue, an ear tissue, a dental tissue, a gum tissue, a nasal tissue,
a vascular tissue, a cardiac tissue, an epithelium tissue, an epithelial lesion, a vaginal

tissue, or a peritoneal tissue.

The method of any one of claims 8 to 10, wherein the concentration of the
thermolysin is at an amount that results in a reduction or elimination of the bacterial

biofilm on the biological surface.

The method of any one of claim 8 to 11, wherein the concentration of thermolysin is

from 0.0001 mg/mL to 10 mg/mL.

A method of treating a wound, mucous membrane lesion, or skin lesion infected or
contaminated with a bacterial biofilm, the method comprising topically administering
to the wound, mucous membrane lesion, or skin lesion a composition consisting of
thermolysin and a pharmaceutical carrier, wherein the bacterial biofilm is reduced or
climinated, and wherein the wound, mucous membrane lesion, or skin lesion is free of
necrotic tissue and debridement is not required to access the wound, mucous
membrane lesion, or skin lesion, wherein thermolysin is the only active ingredient in

the composition that reduces or eliminates the biofilm.

A method of reducing or eliminating a bacterial biofilm on a biological surface, the
method comprising administering to the biological surface a composition consisting
of thermolysin and a pharmaceutical carrier, wherein the biological surface is free of
necrotic tissue and debridement is not required to access the biological surface,
wherein the thermolysin is the only active ingredient in the composition that reduces

or eliminates the biofilm.

The method of any one of claims 1-14, wherein the pharmaceutical carrier comprises

a lotion, solution, suspension, liquid, emulsion, cream, gel, hydrogel, ointment, paste,
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aerosol spray, aerosol foam, non-aerosol spray, non-aerosol foam, film, powder, or

sheet.
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