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ENZYMATIC SYSTEM–CONTAINING COSMETIC COMPOSITIONS 

 

FIELD AND BACKGROUND OF THE INVENTION 

 The present invention, in some embodiments thereof, relates to novel cosmetic 

compositions, kits and methods and, more particularly, but not exclusively, to cosmetic 5 

compositions, kits and methods, which utilize an enzymatic system for producing 

hydrogen peroxide in situ, and to uses thereof in, for example, lightening skin and/or 

hair. 

 The color of human skin is governed by the quantity, quality, and distribution of 

melanin, a pigment which is also present in plants and microorganisms.  10 

 The synthesis of melanin initiates from the precursor L-tyrosine, which is 

transformed into a second precursor dopaquinone via the action of tyrosinase.  Synthesis 

of melanin takes place in melanosomes, which are present in melanocyte cells present in 

the epidermal basal layer; synthesis of melanin in these cells is induced by ultraviolet 

(UV) light.  Following synthesis, melanin migrates to epidermal cells and is dispersed 15 

therein, where melanin is decolored following dermal metabolism and then scaled off in 

the form of dirt at the time of skin renewal.  Melanin has a clinical importance since it 

protects the skin from adverse effects caused by UV light. However, high levels of 

melanin can result in unwanted skin darkening, while the heterogeneous distribution 

thereof can lead to chloasma and freckling which can be aesthetically displeasing. 20 

 Skin lightening products have become increasingly popular in the past few 

years.  The main purpose of skin lightening products is to lighten or whiten the skin or 

to treat pigmentation disorders such as chloasma, freckles, pregnancy marks and age 

spots.  Several types of skin lightening products are presently available. 

 Products based on the degeneration and death of pigment cells typically include 25 

harsh chemicals, such as hydroquinone, 4-isopropylcatechol, and hydroquinone 

monobenzyl ether, that promote skin whitening, lightening or fade out skin 

pigmentation.  Other agents which are commonly-available for skin-whitening include 

kojic acid and derivatives thereof, which inhibits melanin production, and a variety of 

extracts such as licorice (Glycyrrhiza glabra) which include glabridin that decreases 30 

oxidization activity of the melanin creating cells in the skin in similar way as Kojic acid 

does.  



 2

 Other lightening products are based on the inhibition of tyrosinase, the enzyme 

that transforms the precursor L-tyrosine into a second precursor dopaquinone.  This 

group of products includes arbutin, a glucose hydroquinone compound, which is 

capable of inhibiting tyrosinase by chelating copper ions thereby suppressing the 

tautomerization from dopachrome to 5,6-dihydroxyindole (DHI) and 5,6- 5 

dihydroxyindole-2-carboxylic acid (DHICA). Melanostat is another lightening product 

that acts through tyrosinase.  Melanostat is a synthetic peptide that functions in 

deactivating melanogenesis in melanocytes. 

 Several antioxidant compounds that can inhibit the production of melanin are 

also utilized in lightening products.  Since the synthesis of melanin involves an 10 

oxidation reaction, blocking the oxidation at various points from tyrosine/DOPA to 

melanin ultimately inhibits the synthesis of melanin.  For example, L-ascorbic acid 

(vitamin C) acts as a reducing agent on melanin intermediates and blocks oxidative 

reactions; other antioxidants utilized by lightening products include bioflavonoids, 

which are typically extracted from mulberry or licorice. 15 

 However, the currently available skin whitening products are typically inefficient 

and may be harmful to the skin since a continuous external application of these products 

can lead to permanent leucoderma and side effects such as dyschromatosis and rash. 

 Consumers frequently use cosmetic products to care for their skin. Rough and/or 

broken skin and hyperpigmentations (such as age spots, freckles, and brown patches 20 

associated with sunlight exposure, skin aging or environmental damage to the human 

skin) are areas consumers typically seek to treat. Skin whitening is of particular interest 

in certain Asian populations.  

 U.S. Patent Application Publication No. 20050013784 discloses a treatment 

mask comprising a water insoluble substrate and a liquid composition comprising a skin 25 

tone changing agent and a water-soluble thickening agent.  

 Treatment masks, which include hydrogen peroxide, are currently available from 

Reviva Labs (e.g., Oxygen Mask, Green Papaya & Hydrogen Peroxide Oxygen Mask, 

REV-11305).  

 International Patent Application Publication WO 2004/052275 discloses methods 30 

of producing lignin peroxidase, and methods and cosmetic compositions suitable for 
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skin and hair lightening as well as kits and an article-of-manufacturing including active 

ingredients for skin and hair lightening. 

International Patent Application Publication WO 2012/153336 discloses kits and 

methods for lightening a skin of a subject, using a mask comprising an oxidizing 

activator such as hydrogen peroxide, and a cosmetic composition comprising a lignin 5 

peroxidase; or a mask comprising a lignin peroxidase and a cosmetic composition 

comprising the oxidizing activator. 

U.S. Patent No. 8,426,158 describes methods for increasing hydrolysis of a 

cellulosic material by hydrolyzing the cellulosic material with an enzyme composition in 

the presence of a polypeptide having peroxidase activity, the peroxidase activity being 10 

for reducing the inhibition of hydrolysis by peroxides generated during fermentation. 

Hydrogen peroxide is formed in saliva by oxidation of glucose by glucose 

oxidase.  The hydrogen peroxide serves as a substrate for lactoperoxidase in the saliva, 

which forms bactericidal oxidized intermediates such as hypothiocyanate, hypobromite 

and hypoiodite from thiocyanate, bromide and iodide, respectively. 15 

International Patent Application Publication WO 88/002600 describes a 

bactericidal composition comprising a hydrogen peroxide-forming enzyme such as 

glucose oxidase, a peroxidase such as lactoperoxidase, a thiocyanate and lysozyme.  

Hydrogen peroxide generated during use is intended, in combination with the 

peroxidase, to convert the thiocyanate into hypothiocyanate, thereby attenuating bacteria 20 

such that they are lysed by the lysozyme. 

Midda & Cooksey [J Clin Periodontol 1986, 13:950-956] describe mouthrinses 

and dentrifices which contain amyloglucosidase and glucose oxidase for producing 

hydrogen peroxide from dietary fermentable carbohydrates, which in turn converts 

thiocyanate to hypothiocyanate in the presence of salivary lactoperoxidase, thereby 25 

inhibiting bacteria. 

Enzycal™ toothpaste (Curaprox) contains lactoperoxidase, glucose oxidase and 

amyloglucosidase, for strengthening the antibacterial effect of saliva [Br Dent J 2008, 

205:681].   

Biotene™ toothpaste and mouthwash (GlaxoSmithKline) contain glucose 30 

oxidase, lactoferrin, lactoperoxidase, lysozyme. 
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U.S. Patent No. 5,607,681 describes anti-microbial compositions containing 

iodide, thiocyanate, glucose oxidase, D-glucose and optionally also a peroxidase such as 

lactoperoxidase.  The compositions are for use as preservatives or as active agents in 

oral hygiene, deodorant and anti-dandruff products.  The compositions may be provided 

as non-reacting dry powders and non-aqueous solutions which may be diluted in order to 5 

obtain anti-microbial activity. 

U.S. Patent No. 6,214,339 describes treatment of otitis externa in dogs and cats 

by administering to the outer ear of a non-aqueous composition containing an oxidizable 

substrate such as glucose and an oxidoreductase enzyme such as glucose oxidase, for 

producing hydrogen peroxide upon encountering the environment of the outer ear.  The 10 

composition further contains an iodide salt and a peroxidase such as lactoperoxidase for 

producing hypioiodite from the hydrogen peroxide. 

U.S. Patent No. 7,833,290 describes a method of dyeing keratinous fibers by 

treatment with a compound such as hematoxylin, hematein, brazilin and brazilein; a 

metal salt; a bicarbonate; and hydrogen peroxide or a system which generates hydrogen 15 

peroxide, such as urea peroxide, metal peroxides, perborates, percarborates and oxidases 

in the presence of a suitable substrate. 

 Additional background art includes Hugoson et al. [Odontol Rev 1974, 25:69-

80]; U.S. Patent No. 7,981,166; and U.S. Patent Application Publication Nos. 

20040161435 and 20090130040. 20 

 

SUMMARY OF THE INVENTION 

The present inventors have now devised and successfully practiced a 

methodology which circumvents the need to include hydrogen peroxide in cosmetic 

compositions and kits, and in lignin peroxidase-containing compositions and kits in 25 

particular. 

According to an aspect of some embodiments of the invention, there is provided 

a cosmetic composition for lightening a skin and/or hair of a subject, the composition 

comprising a lignin peroxidase, a hydrogen peroxide-producing enzyme, and a substrate 

of the hydrogen peroxide-producing enzyme. 30 

According to an aspect of some embodiments of the invention, there is provided 

a kit for lightening a skin and/or hair of a subject, the kit comprising a hydrogen 
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peroxide-producing enzyme, a substrate of the hydrogen peroxide-producing enzyme 

and a lignin peroxidase, wherein at least one of the hydrogen peroxide-producing 

enzyme, the substrate of the hydrogen peroxide-producing enzyme and the lignin 

peroxidase forms a part of a composition which is packaged individually within the kit. 

According to an aspect of some embodiments of the invention, there is provided 5 

a cosmetic method of lightening a skin and/or hair of a subject, the method comprising 

contacting a skin and/or hair region of the subject with a composition comprising a 

lignin peroxidase, a hydrogen peroxide-producing enzyme and a substrate of the 

hydrogen peroxide-producing enzyme, thereby lightening the skin and/or hair of the 

subject. 10 

According to an aspect of some embodiments of the invention, there is provided 

a cosmetic or pharmaceutical composition for application to skin, hair and/or a nail of a 

subject, the composition comprising a hydrogen peroxide-producing enzyme, and a 

substrate of the hydrogen peroxide-producing enzyme. 

According to an aspect of some embodiments of the invention, there is provided 15 

a kit for applying a cosmetic or pharmaceutical composition to skin, hair and/or a nail of 

a subject, the cosmetic or pharmaceutical composition comprising hydrogen peroxide, 

the kit comprising a first composition comprising a hydrogen peroxide-producing 

enzyme, and a second composition comprising a substrate of the hydrogen peroxide-

producing enzyme. 20 

According to an aspect of some embodiments of the invention, there is provided 

a method of administering hydrogen peroxide to skin, hair and/or a nail of a subject, the 

method comprising contacting a skin, hair and/or a nail region of the subject with a 

composition comprising a hydrogen peroxide-producing enzyme and a substrate of the 

hydrogen peroxide-producing enzyme, thereby generating hydrogen peroxide on the 25 

skin, hair and/or nail. 

According to some of any of the embodiments of the invention, and any 

combination thereof, a concentration of lignin peroxidase in the composition is in a 

range of from 1.25 to 125 units/gram. 

According to some of any of the embodiments of the invention, and any 30 

combination thereof, a concentration of the hydrogen peroxide-producing enzyme in the 

composition is in a range of from 0.125 to 1250 units/gram. 
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According to some of any of the embodiments of the invention, and any 

combination thereof, a concentration of the substrate of the hydrogen peroxide-

producing enzyme in the composition is in a range of from 0.0175 µmole/gram to 175 

µmole/gram. 

According to some of any of the embodiments of the invention, and any 5 

combination thereof, the composition further comprises an oxidizing mediator.   

According to some of any of the embodiments of the invention, and any 

combination thereof, the oxidizing mediator is selected from the group consisting of 

veratryl alcohol, veratrole and 1,4-dimethoxybenzene. 

According to some of any of the embodiments of the invention, and any 10 

combination thereof, a concentration of the oxidizing mediator in the composition is in a 

range of from 0.03 µmole/gram to 300 µmole/gram. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the hydrogen peroxide-producing enzyme is selected from the 

group consisting of a glucose oxidase, a hexose oxidase, a cholesterol oxidase, an aryl 15 

alcohol oxidase, an L-gulonolactone oxidase, a galactose oxidase, a pyranose-2-oxidase, 

a pyridoxine-4-oxidase, an alcohol oxidase, a 2-hydroxy-acid oxidase, a choline oxidase, 

a long-chain-alcohol oxidase, a glycerol-3-phosphate oxidase, a D-arabinono-1,4-lactone 

oxidase, a vanillyl alcohol oxidase, an alditol oxidase, a prosolanapyrone II oxidase, a 

paromamine 6’-oxidase, a glyoxal oxidase, a veratryl alcohol oxidase, an alcohol 20 

dehydrogenase, a cellobiose dehydrogenase, an aldehyde oxidase, an oxalate oxidase, an 

aryl aldehyde oxidase, a dihydroorotate oxidase, a pyrroloquinoline-quinone synthase, 

an L-amino acid oxidase, an L-glutamate oxidase, a polyamine oxidase, an NAD(P)H 

oxidase, a urate oxidase, a hydroxylamine oxidase, a thiol oxidase, a glutathione 

oxidase, a cytochrome c oxidase, a xanthine oxidase and a superoxide dismutase. 25 

According to some of any of the embodiments of the invention, and any 

combination thereof, the hydrogen peroxide-producing enzyme comprises glucose 

oxidase and the substrate comprises D-glucose. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the lignin peroxidase is isoenzyme H1 or a modified form of 30 

isoenzyme H2.  
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According to some of any of the embodiments of the invention, and any 

combination thereof, the lignin peroxidase is a lignin peroxidase of a white rot fungus. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the lignin peroxidase is an extract of a Phanerochaete 

chrysosporium fungus. 5 

According to some of any of the embodiments of the invention, and any 

combination thereof, the lignin peroxidase is recombinantly expressed.  

According to some of any of the embodiments of the invention, and any 

combination thereof, the lignin peroxidase comprises a polypeptide sequence set forth in 

SEQ ID NO:1. 10 

According to some of any of the embodiments of the invention, and any 

combination thereof, the cosmetic composition is in a form selected from the group 

consisting of a mask, a serum, a lotion, a cream, a shampoo, a gel and a toner. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the composition further comprises a cosmetically acceptable carrier 15 

and/or pharmaceutically acceptable carrier. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the composition further comprises a cosmetically acceptable 

carrier. 

According to some of any of the embodiments of the invention, and any 20 

combination thereof, the composition is packaged in an air-tight container. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the air-tight container is configured for dispensing the composition 

without entry of air into the container. 

According to some of any of the embodiments of the invention, and any 25 

combination thereof, the hydrogen peroxide-producing enzyme forms a part of a first 

composition of the kit and the substrate forms a part of a second composition of the kit, 

the first and second compositions being packaged individually within the kit.  

According to some of any of the embodiments of the invention, and any 

combination thereof, the first composition further comprises lignin peroxidase. 30 

According to some of any of the embodiments of the invention, and any 

combination thereof, the second composition further comprises lignin peroxidase. 
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According to some of any of the embodiments of the invention, and any 

combination thereof, the lignin peroxidase forms a part of a third composition within the 

kit, the third composition being packaged individually within the kit. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the hydrogen peroxide-producing enzyme and the substrate of the 5 

hydrogen peroxide-producing enzyme are packaged together in an air-tight package 

within the kit.  

According to some of any of the embodiments of the invention, and any 

combination thereof, the air-tight package is a container configured for dispensing the 

composition without entry of air into the container. 10 

According to some of any of the embodiments of the invention, and any 

combination thereof, a concentration of lignin peroxidase in a composition comprising 

the lignin peroxidase is in a range of from 2.5 to 250 units/gram. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the kit comprises an oxidizing mediator, the hydrogen peroxide- 15 

producing enzyme, the substrate of said hydrogen peroxide-producing enzyme and the 

lignin peroxidase. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the oxidizing mediator forms a part of a composition that 

comprises the lignin peroxidase. 20 

According to some of any of the embodiments of the invention, and any 

combination thereof, a concentration of the oxidizing mediator in the composition is in a 

range of from 0.06 µmole/gram to 600 µmole/gram. 

According to some of any of the embodiments of the invention, and any 

combination thereof, a concentration of the hydrogen peroxide-producing enzyme in a 25 

composition comprising the enzyme is in a range of from 0.25 to 2500 units/gram. 

According to some of any of the embodiments of the invention, and any 

combination thereof, a concentration of the substrate in a composition comprising the 

substrate is in a range of from 0.035 µmole/gram to 350 µmole/gram. 

According to some of any of the embodiments of the invention, and any 30 

combination thereof, the kit comprises:  
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a first composition comprising lignin peroxidase at a concentration in a range of 

from 2.5 to250 units/gram, and glucose oxidase at a concentration in a range of from 2.5 

to 250 units/gram; and  

a second composition comprising D-glucose at a concentration in a range of from 

0.35 µmole/gram to 35 µmole/gram. 5 

According to some of any of the embodiments of the invention, and any 

combination thereof, the composition which is packaged individually within the kit is in 

a form selected from the group consisting of a mask, a serum, a lotion, a cream, a 

shampoo, a gel and a toner. 

According to some of any of the embodiments of the invention, and any 10 

combination thereof, the composition which is packaged individually within the kit 

further comprises a cosmetically acceptable carrier. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the composition is formed by a lignin peroxidase, a hydrogen 

peroxide-producing enzyme and a substrate of the hydrogen peroxide-producing enzyme 15 

as packaged within a kit described hereinabove. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the contacting is effected at least five times. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the contacting is effected once or twice per day. 20 

According to some of any of the embodiments of the invention, and any 

combination thereof, the composition is formed by contacting the skin and/or hair region 

with the hydrogen peroxide-producing enzyme and/or the substrate of the hydrogen 

peroxide-producing enzyme subsequent to contacting the skin and/or hair region with 

the lignin peroxidase. 25 

According to some of any of the embodiments of the invention, and any 

combination thereof, the skin comprises facial skin. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the skin comprises a skin region exposed to the sun. 

According to some of any of the embodiments of the invention, and any 30 

combination thereof, lightening the skin comprises lightening whole skin complexion.  
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According to some of any of the embodiments of the invention, and any 

combination thereof, the skin comprises an uneven skin tone, dark spot(s), freckle(s), 

melasma, hyperpigmentation, skin discoloration, age spot(s), acne mark(s) and/or a scar.   

According to some of any of the embodiments of the invention, and any 

combination thereof, the composition further comprises at least one agent which exhibits 5 

a cosmetic or pharmaceutical activity in a presence of hydrogen peroxide. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the at least one agent is selected from the group consisting of a 

peroxidase and an oxidative dye precursor.  

According to some of any of the embodiments of the invention, and any 10 

combination thereof, the composition is selected from the group consisting of a 

bleaching composition, a hair-dye composition, an anti-microbial composition and an 

odor-removal composition. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the kit further comprises at least one agent which exhibits a 15 

cosmetic or pharmaceutical activity in a presence of hydrogen peroxide. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the first composition comprises glucose oxidase at a concentration 

in a range of from 2.5 to 250 units/gram, and the second composition comprises D-

glucose at a concentration in a range of from 0.35 µmole/gram to 35 µmole/gram. 20 

According to some of any of the embodiments of the invention, and any 

combination thereof, the first composition and second composition are each 

independently in a form selected from the group consisting of a mask, a serum, a lotion, 

a cream, a shampoo, a gel and a toner. 

According to some of any of the embodiments of the invention, and any 25 

combination thereof, the first composition and second composition further comprise a 

cosmetically acceptable carrier and/or pharmaceutically acceptable carrier. 

According to some of any of the embodiments of the invention, and any 

combination thereof, the composition is formed by a hydrogen peroxide-producing 

enzyme and a substrate of the hydrogen peroxide-producing enzyme as packaged within 30 

a kit described hereinabove. 



 11

According to some of any of the embodiments of the invention, and any 

combination thereof, the composition of a method as described hereinabove is any of the 

compositions described herein, including any one of the embodiments thereof, in any 

combination. 

Unless otherwise defined, all technical and/or scientific terms used herein have 5 

the same meaning as commonly understood by one of ordinary skill in the art to which 

the invention pertains. Although methods and materials similar or equivalent to those 

described herein can be used in the practice or testing of embodiments of the invention, 

exemplary methods and/or materials are described below. In case of conflict, the patent 

specification, including definitions, will control. In addition, the materials, methods, and 10 

examples are illustrative only and are not intended to be necessarily limiting. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

Some embodiments of the invention are herein described, by way of example 

only, with reference to the accompanying drawings.  With specific reference now to the 15 

drawings in detail, it is stressed that the particulars shown are by way of example and for 

purposes of illustrative discussion of embodiments of the invention. In this regard, the 

description taken with the drawings makes apparent to those skilled in the art how 

embodiments of the invention may be practiced. 

 In the drawings: 20 

FIG. 1 presents images showing an exemplary enzyme cream comprising 25 

units/gram lignin peroxidase (LIP) isoenzyme H1 fraction, 25 units/gram glucose 

oxidase (GOX) and 6 mmol/kg veratryl alcohol (VA) with 140 µg/ml melanin 

(LIP/VA/GOX) and an exemplary activator cream comprising 3.5 mmol/kg glucose 

(GLU), a control enzyme cream comprising 25 units/gram LIP isoenzyme H1 fraction 25 

and 6 mmol/kg VA with 140 µg/ml melanin (LIP/VA) and control activator cream 

comprising 3.53 mmol/kg H2O2, as well as a mixture of the exemplary enzyme and 

activator cream (LIP/VA/GOX/GLU) and a mixture of the control enzyme and activator 

cream (LIP/VA/H2O2); 

FIGs. 2A and 2B present bar graphs showing values for a melanin index (FIG. 30 

2A) and erythema index (FIG. 2B) in various facial regions of a subject on days 0, 7 

and 21 of a treatment comprising administration twice per day of LIP isoenzyme H1, 
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glucose oxidase and glucose, according to an exemplary embodiment of the invention 

(* p<0.05 vs. day 0); 

FIGs. 3A and 3B present bar graphs showing values for a melanin index (FIG. 

3A) and erythema index (FIG. 3B) in various facial regions of a subject on days 0 and 

21 of a treatment comprising administration twice per day of LIP isoenzyme H1, 5 

glucose oxidase and glucose, according to an exemplary embodiment of the invention 

(* p<0.05 vs. day 0); 

FIGs. 4A and 4B present bar graphs showing values for a melanin index (FIG. 

4A) and erythema index (FIG. 4B) in various facial regions of a subject on days 0, 7 

and 21 of a treatment comprising administration twice per day of LIP isoenzyme H1, 10 

glucose oxidase and glucose, according to an exemplary embodiment of the invention 

(* p<0.05 vs. day 0); 

FIGs. 5A and 5B present bar graphs showing values for a melanin index (FIG. 

5A) and erythema index (FIG. 5B) in various facial regions of a subject on days 0, 7 

and 21 of a treatment comprising administration twice per day of LIP isoenzyme H1, 15 

glucose oxidase and glucose, according to an exemplary embodiment of the invention 

(* p<0.05 vs. day 0, # p<0.05 vs. day 7); 

FIGs. 6A and 6B present bar graphs showing values for a melanin index (FIG. 

6A) and erythema index (FIG. 6B) in various facial regions of a subject on days 0, 7 

and 21 of a treatment comprising administration twice per day of LIP isoenzyme H1, 20 

glucose oxidase and glucose, according to an exemplary embodiment of the invention 

(* p<0.05 vs. day 0, # p<0.05 vs. day 7); 

FIGs. 7A and 7B present bar graphs showing values for a melanin index (FIG. 

7A) and erythema index (FIG. 7B) in various facial regions of a subject on days 0, 7 

and 21 of a treatment comprising administration twice per day of LIP isoenzyme H1, 25 

glucose oxidase and glucose, according to an exemplary embodiment of the invention 

(* p<0.05 vs. day 0, # p<0.05 vs. day 7); 

FIGs. 8A and 8B present bar graphs showing values for a melanin index (FIG. 

8A) and erythema index (FIG. 8B) in various facial regions of a subject on days 0 and 7 

of a treatment comprising administration twice per day of LIP isoenzyme H1, glucose 30 

oxidase and glucose, according to an exemplary embodiment of the invention (* p<0.05 

vs. day 0);  
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FIGs. 9A and 9B present bar graphs showing values for a melanin index (FIG. 

9A) and erythema index (FIG. 9B) in various facial regions of a subject on days 0, 7 

and 21 of a treatment comprising administration twice per day of LIP isoenzyme H1, 

glucose oxidase and glucose, according to an exemplary embodiment of the invention 

(* p<0.05 vs. day 0, # p<0.05 vs. day 7; increase for erythema index in cheeks on day 5 

21 due to irritation unrelated to treatment); 

FIGs. 10A and 10B present graphs showing the melanin index of pigmented 

(FIG. 10A) and non-pigmented (FIG. 10B) skin after 0, 4, 6 and 8 weeks of a treatment 

comprising administration twice per day of LIP isoenzyme H1, glucose oxidase and 

glucose, according to an exemplary embodiment of the invention (** p<0.01 (p=0.001 10 

in FIG. 10A and p=0.007 in FIG. 10B), *** p<0.001); 

FIG. 11 presents a visual analogue scale showing uniformity of pigmentation of 

skin, as judged by a dermatologist, after 0, 4, 6 and 8 weeks of a treatment comprising 

administration twice per day of LIP isoenzyme H1, glucose oxidase and glucose, 

according to an exemplary embodiment of the invention (0 = uniform, even, 10 = 15 

uneven, blotchy, mottled, * p<0.05); 

FIG. 12 presents a visual analogue scale showing clarity of skin, as judged by a 

dermatologist, after 0, 4, 6 and 8 weeks of a treatment comprising administration twice 

per day of LIP isoenzyme H1, glucose oxidase and glucose, according to an exemplary 

embodiment of the invention (0 = clear, even, 10 = dull, opaque, * p<0.05, ** p<0.01); 20 

FIG. 13 presents a visual analogue scale showing lightening/brightening of skin, 

as judged by a dermatologist, after 0, 4, 6 and 8 weeks of a treatment comprising 

administration twice per day of LIP isoenzyme H1, glucose oxidase and glucose, 

according to an exemplary embodiment of the invention (0 = light/bright appearance, 10 

= dull, matte, ** p<0.01, *** p<0.001); 25 

FIG. 14 presents a visual analogue scale showing skin tone, as judged by a 

dermatologist, after 0, 4, 6 and 8 weeks of a treatment comprising administration twice 

per day of LIP isoenzyme H1, glucose oxidase and glucose, according to an exemplary 

embodiment of the invention (0 = even, healthy skin color, 10 = uneven, discolored 

appearance, * p<0.05, *** p<0.001); 30 

FIG. 15 presents a visual analogue scale showing radiance of skin, as judged by 

a dermatologist, after 0, 4, 6 and 8 weeks of a treatment comprising administration 
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twice per day of LIP isoenzyme H1, glucose oxidase and glucose, according to an 

exemplary embodiment of the invention (0 = radiant, luminous appearance, 10 = dull, 

matte, sallow appearance, *** p<0.001); 

FIG. 16 presents a visual analogue scale showing overall appearance of skin, as 

judged by a dermatologist, after 0, 4, 6 and 8 weeks of a treatment comprising 5 

administration twice per day of LIP isoenzyme H1, glucose oxidase and glucose, 

according to an exemplary embodiment of the invention (0 = healthy looking, 10 = 

unhealthy looking, *** p<0.001); and 

FIG. 17 presents photographs of subjects before (baseline) and after 8 weeks of 

a treatment comprising administration twice per day of LIP isoenzyme H1, glucose 10 

oxidase and glucose, according to an exemplary embodiment of the invention. 

 

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION  

 The present invention, in some embodiments thereof, relates to novel cosmetic 

compositions, kits and methods and, more particularly, but not exclusively, to hydrogen 15 

peroxide-producing cosmetic compositions, kits and methods, and to uses thereof in, for 

example, lightening skin and/or hair. 

Before explaining at least one embodiment of the invention in detail, it is to be 

understood that the invention is not necessarily limited in its application to the details set 

forth in the following description or exemplified by the Examples. The invention is 20 

capable of other embodiments or of being practiced or carried out in various ways.  

Methods for lightening a skin of a subject, using hydrogen peroxide and a lignin 

peroxidase, have been previously disclosed (see, for example, International Patent 

Application Publication WO 2012/153336, discussed hereinabove).  Such methods 

require utilization of compositions containing hydrogen peroxide.    25 

Many other cosmetic compositions and methods include or utilize hydrogen 

peroxide. 

However, utilizing hydrogen peroxide in cosmetic applications has recently been 

recognized as undesired.  

In a search for methodologies in which the need to utilize compositions 30 

containing hydrogen peroxide is circumvented, the present inventors have envisioned 

and successfully devised and practiced a novel methodology which utilizes an enzymatic 
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system for generating hydrogen peroxide upon application.  More specifically, the 

present inventors have utilized a hydrogen peroxide-producing enzyme and a substrate 

thereof, for generating hydrogen peroxide in situ, immediately prior to application of a 

composition or system containing same and/or during application of a composition or 

system containing same.  The enzymatic system is readily controllable by keeping the 5 

enzyme and substrate separate, until hydrogen peroxide generation is desired and/or by 

keeping the enzyme and the substrate inactive towards one another, by storage in the 

absence of oxygen.  The herein disclosed methodology is advantageous by being capable 

of generating the hydrogen peroxide gradually in situ, where it is consumed, such that a 

concentration of hydrogen peroxide remains low and stable over time.   10 

While reducing the present invention to practice, the inventors have 

demonstrated the efficacy of an enzymatic system for generating hydrogen peroxide for 

activating lignin peroxidase in order to lighten skin.   

Thus, as shown in the Examples section which follows, the present inventors 

have designed a cosmetic composition which comprises lignin peroxidase, and an 15 

activator composition which comprises glucose, which when applied together (e.g., on a 

skin region of a subject) results in a significant whitening effect as a result of reduction 

in melanin content (Figures 1-9B), due to the interaction of lignin peroxidase with 

hydrogen peroxide generated by the glucose oxidase and glucose.  

These results demonstrate the efficacy of using an enzyme/substrate system for 20 

generating hydrogen peroxide in situ (i.e., in or on a region of the body where it is 

intended to react (e.g., with melanin in a peroxidase-catalyzed reaction). 

According to an aspect of some embodiments of the invention, there is provided 

a cosmetic or pharmaceutical composition for topical application (e.g., for application to 

skin, hair and/or nail of a subject).  According to some embodiments of the present 25 

invention, the composition comprises a hydrogen peroxide-producing enzymatic 

system, namely, a hydrogen peroxide-producing enzyme and a substrate of the 

hydrogen peroxide-producing enzyme. 

As used herein throughout, the term “cosmetic” with regard to any of the 

compositions, kits and methods (and any other aspect) disclosed herein, refers to 30 

compositions, kits and method which enhance the appearance or odor of the human 

body.  
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In some embodiments, the term “cosmetic” follows the definition regulatory 

authorities worldwide.  For example, in some embodiments, the term “cosmetic” 

follows the definition of the U.S Food and Drug Administration (FDA), as being 

“intended to be applied to the human body for cleansing, beautifying, promoting 

attractiveness, or altering the appearance without affecting the body's structure or 5 

functions”. 

The hydrogen peroxide-producing enzymatic system:  

As used herein throughout, the phrase “hydrogen peroxide-producing enzyme” 

refers to an enzyme which catalyzes a reaction in which hydrogen peroxide is a product. 

As used herein throughout, the “substrate” of a hydrogen peroxide-producing 10 

enzyme refers to any compound other than O2 or water which serves as a substrate for 

the abovementioned reaction catalyzed by the hydrogen peroxide-producing enzyme in 

which hydrogen peroxide is a product.  The “substrate” may be a single compound or a 

plurality of compounds.  The plurality of compounds may interact with the enzyme as 

part of different reactions, or the enzyme catalyzes a single reaction which utilizes a 15 

plurality of compounds as substrates. 

In some embodiments, the enzyme catalyzes a reaction in which the substrate is 

oxidized and O2 is reduced to hydrogen peroxide. 

In some embodiments, the enzyme catalyzes a reaction in which the substrate is 

reduced and water is oxidized to hydrogen peroxide. 20 

Examples of hydrogen peroxide-producing enzymes which may be used in 

embodiments of the invention include, without limitation:  

an EC 1.1.3 oxidoreductase such as, for example, a glucose oxidase (EC 1.1.3.4), 

a hexose oxidase (EC 1.1.3.5), a cholesterol oxidase (EC 1.1.3.6), an aryl alcohol 

oxidase (EC 1.1.3.7), an L-gulonolactone oxidase (EC 1.1.3.8), a galactose oxidase (EC 25 

1.1.3.9), a pyranose-2-oxidase (EC 1.1.3.10), a pyridoxine-4-oxidase (EC 1.1.3.12), an 

alcohol oxidase (EC 1.1.3.13), a 2-hydroxy-acid oxidase (EC 1.1.3.15), a choline 

oxidase (EC 1.1.3.17), a long-chain-alcohol oxidase (EC 1.1.3.20), a glycerol-3-

phosphate oxidase (EC 1.1.3.21), a D-arabinono-1,4-lactone oxidase (EC 1.1.3.37), a 

vanillyl alcohol oxidase (EC 1.1.3.38), an alditol oxidase (EC 1.1.3.41), a 30 

prosolanapyrone II oxidase (EC 1.1.3.42), a paromamine 6’-oxidase (EC 1.1.3.43), a 

glyoxal oxidase and a veratryl alcohol oxidase;  
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an alcohol dehydrogenase (EC 1.1.99.8); 

a cellobiose dehydrogenase (EC 1.1.99.18); 

an EC 1.2.3 oxidoreductase such as, for example, an aldehyde oxidase (EC 

1.2.3.1), an oxalate oxidase (EC 1.2.3.4), and an aryl aldehyde oxidase (EC 1.2.3.9); 

an EC 1.3.3 oxidoreductase such as, for example, a dihydroorotate oxidase (EC 5 

1.3.3.1), and a pyrroloquinoline-quinone synthase (EC 1.3.3.11); 

an EC 1.4.3 oxidoreductase such as, for example, an L-amino acid oxidase (EC 

1.4.3.2), and an L-glutamate oxidase (1.4.3.11); 

an EC 1.5.3 oxidoreductase such as, for example, a polyamine oxidase 

(1.5.3.11); 10 

an EC 1.6.3 oxidoreductase such as, for example, an NAD(P)H oxidase (1.6.3.1); 

an EC 1.7.3 oxidoreductase such as, for example, a urate oxidase (EC 1.7.3.3), 

and a hydroxylamine oxidase (EC 1.7.3.4); 

an EC 1.8.3 oxidoreductase such as, for example, a thiol oxidase (EC 1.8.3.2), 

and a glutathione oxidase (EC 1.8.3.3); 15 

an EC 1.9.3 oxidoreductase, such as, for example, a cytochrome c oxidase (EC 

1.9.3.1);  

an EC 1.17.3 oxidoreductase such as, for example, a xanthine oxidase (EC 

1.17.3.2); and  

a superoxide dismutase (EC 1.15.1.1). 20 

The EC nomenclature herein is according to the International Union of 

Biochemistry and Molecular Biology. 

In some embodiments, the hydrogen peroxide-producing enzyme is one or more 

of an EC 1.1.3 oxidoreductase, an EC 1.2.3 oxidoreductase, an EC 1.3.3 oxidoreductase, 

an EC 1.4.3 oxidoreductase, an EC 1.5.3 oxidoreductase, an EC 1.6.3 oxidoreductase, an 25 

EC 1.7.3 oxidoreductase, an EC 1.8.3 oxidoreductase, an EC 1.9.3 oxidoreductase and 

an EC 1.17.3 oxidoreductase (e.g., such as an oxidoreductase described herein). 

In some embodiments a superoxide dismutase is included for producing 

hydrogen peroxide from superoxide, in combination with a source of superoxide.  In 

some embodiments, the source of superoxide is an enzyme which produces superoxide, 30 

for example, an NAD(P)H oxidase and/or a xanthine oxidase. 
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In some embodiments, the hydrogen peroxide-producing enzyme produces 

superoxide.  As superoxide normally reacts to a considerable degree to form hydrogen 

peroxide (e.g., by dismutation), production of superoxide is considered herein to 

encompass production of hydrogen peroxide.  

Suitable substrates of the hydrogen peroxide-producing enzyme will be apparent 5 

to the skilled person. 

In exemplary embodiments, the enzyme is a glucose oxidase (EC 1.1.3.4) and the 

substrate comprises D-glucose. 

In some embodiments, the enzyme is a hexose oxidase (EC 1.1.3.5) and the 

substrate comprises D-glucose, D-galactose, D-mannose, maltose, lactose and/or 10 

cellobiose. 

In some embodiments, the enzyme is a cholesterol oxidase (EC 1.1.3.6) and the 

substrate comprises cholesterol. 

In some embodiments, the enzyme is an aryl alcohol oxidase (EC 1.1.3.7) and 

the substrate comprises an aromatic primary alcohol. 15 

In some embodiments, the enzyme is an L-gulonolactone oxidase (EC 1.1.3.8) 

and the substrate comprises L-gulono-1,4-lactone. 

In some embodiments, the enzyme is a galactose oxidase (EC 1.1.3.9) and the 

substrate comprises a primary alcohol (e.g., methanol, ethanol, n-propanol, n-butanol, 

isobutanol), a monosaccharide, an oligosaccharide and/or a polysaccharide. 20 

In some embodiments, the enzyme is a pyranose-2-oxidase (EC 1.1.3.10) and the 

substrate comprises an aldopyranose (e.g., D-glucose, D-xylose, D-galactose), L-sorbose 

and/or 1,5-anhydroglucitol, and/or disaccharides thereof.  It is to be appreciated that 

pyranose-2-oxidase is a natural source for hydrogen peroxide for activating lignin 

cellulose.  25 

In some embodiments, the enzyme is a pyridoxine-4-oxidase (EC 1.1.3.12) and 

the substrate comprises pyridoxine. 

In some embodiments, the enzyme is an alcohol oxidase (EC 1.1.3.13) and the 

substrate comprises a primary alcohol (e.g., methanol, ethanol, n-propanol, n-butanol, 

isobutanol). 30 
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In some embodiments, the enzyme is a 2-hydroxy-acid oxidase (EC 1.1.3.15) and 

the substrate comprises an (S)-2-hydroxy acid (e.g., glycolate, 2-hydroxyglutarate) 

and/or an (S)-2-amino acid. 

In some embodiments, the enzyme is a choline oxidase (EC 1.1.3.17) and the 

substrate comprises choline and/or glycine betaine aldehyde. 5 

In some embodiments, the enzyme is a long-chain-alcohol oxidase (EC 1.1.3.20) 

and the substrate is a long-chain alcohol (e.g., a fatty alcohol). 

In some embodiments, the enzyme is a glycerol-3-phosphate oxidase (EC 

1.1.3.21) and the substrate comprises glycerol-3-phosphate. 

In some embodiments, the enzyme is a D-arabinono-1,4-lactone oxidase (EC 10 

1.1.3.37) and the substrate comprises L-gulono-1,4-lactone, D-arabinono-1,4-lactone, 

and/or L-galactono-1,4-lactone. 

In some embodiments, the enzyme is a vanillyl alcohol oxidase (EC 1.1.3.38) 

and the substrate comprises a 4-allylphenol, a 4-hydroxybenzyl alcohol (e.g., vanillyl 

alcohol), a 4-hydroxybenzamine and/or a 4-(methoxymethyl)phenol. 15 

In some embodiments, the enzyme is an alditol oxidase (EC 1.1.3.41) and the 

substrate comprises an alditol (e.g., xylitol, D-sorbitol). 

In some embodiments, the enzyme is a prosolanapyrone II oxidase (EC 1.1.3.42) 

and the substrate comprises prosolanapyrone II. 

In some embodiments, the enzyme is a paromamine 6’-oxidase (EC 1.1.3.43) and 20 

the substrate comprises paromamine and/or 6’’’-deamino-6’’’hydroxyneomycin C. 

In some embodiments, the enzyme is a veratryl alcohol oxidase and the substrate 

is a primary (4-methoxy)-aromatic alcohol (e.g., veratryl alcohol). 

In some embodiments, the enzyme is a glyoxal oxidase and the substrate is 

glyoxal, an alkyl glyoxal (e.g., methyl glyoxal) and/or cellobiose. 25 

In some embodiments, the enzyme is an alcohol dehydrogenase (EC 1.1.99.8) 

and the substrate comprises a primary alcohol (e.g., methanol, ethanol, n-propanol, n-

butanol, isobutanol). 

In some embodiments, the enzyme is a cellobiose dehydrogenase (EC 1.1.99.18) 

and the substrate comprises cellobiose, a cello-oligosaccharide, lactose, and/or D- 30 

glucosyl-1,4-β-D-mannose. 
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In some embodiments, the enzyme is an aldehyde oxidase (EC 1.2.3.1) and the 

substrate comprises an aldehyde. 

In some embodiments, the enzyme is an oxalate oxidase (EC 1.2.3.4) and the 

substrate comprises oxalate. 

In some embodiments, the enzyme is an aryl aldehyde oxidase (EC 1.2.3.9) and 5 

the substrate comprises an aromatic aldehyde (e.g., benzaldehyde, vanillin). 

In some embodiments, the enzyme is a dihydroorotate oxidase (EC 1.3.3.1) and 

the substrate comprises dihydroorotate. 

In some embodiments, the enzyme is a pyrroloquinoline-quinone synthase (EC 

1.3.3.11) and the substrate comprises 6-(2-amino-2-carboxyethyl)-7,8-dioxo-1,2,3,4,7,8- 10 

hexahydroquinoline-2,4-dicarboxylate. 

In some embodiments, the enzyme is an L-amino acid oxidase (EC 1.4.3.2) and 

the substrate comprises an L-amino acid. 

In some embodiments, the enzyme is an L-glutamate oxidase (1.4.3.11) and the 

substrate comprises L-glutamate. 15 

In some embodiments, the enzyme is a polyamine oxidase (1.5.3.11) and the 

substrate comprises N1-acetylspermine. 

In some embodiments, the enzyme is an NAD(P)H oxidase (1.6.3.1) and the 

substrate comprises NADH and/or NADPH. 

In some embodiments, the enzyme is a urate oxidase (EC 1.7.3.3) and the 20 

substrate comprises urate. 

In some embodiments, the enzyme is a hydroxylamine oxidase (EC 1.7.3.4) and 

the substrate comprises a hydroxylamine. 

In some embodiments, the enzyme is a thiol oxidase (EC 1.8.3.2) and the 

substrate comprises a thiol group. 25 

In some embodiments, the enzyme is a glutathione oxidase (EC 1.8.3.3) and the 

substrate comprises glutathione and/or cysteine. 

In some embodiments, the enzyme is a cytochrome c oxidase (EC 1.9.3.1) and 

the substrate comprises ferrocytochrome c. 

In some embodiments, the enzyme is a xanthine oxidase (EC 1.17.3.2) and the 30 

substrate comprises xanthine and/or hypoxanthine. 
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The hydrogen peroxide-producing enzyme described herein (e.g., glucose 

oxidase) may be obtained, for example, from a commercial supplier, by extraction from 

a natural source, and/or by recombinant expression.  General procedures for expressing 

a protein are described in detail hereinafter, and may be used for expressing a hydrogen 

peroxide-producing enzyme described herein. 5 

The hydrogen peroxide-producing compositions:  

A hydrogen peroxide-producing composition as described herein produces 

hydrogen peroxide whenever the hydrogen peroxide-producing enzyme and its substrate 

contact one another in the presence of oxygen (or air) and/or water. 

It is to be understood that a hydrogen peroxide-producing composition according 10 

to any one of the embodiments relating to such compositions (e.g., as described in this 

section) may utilize a hydrogen peroxide-producing system according to any one of the 

embodiments described herein relating to such systems.  

In some embodiments of any of the embodiments described herein, any of the 

composition described herein is prepared in situ, that is, on the site of application (e.g., 15 

skin, hair and/or nail) of the subject, by contacting different components of the 

composition with each other.  In some embodiments, hydrogen peroxide generation 

begins only upon contacting the hydrogen peroxide-producing enzyme with the substrate 

thereof in situ. 

In some embodiments of any of the embodiments described herein, the 20 

composition is prepared on the site of application (e.g., skin, hair and/or nail) of the 

subject, by contacting the application site with a part of the composition that comprises 

the enzyme and thereafter contacting the application site with a part of the composition 

that comprises the enzyme’s substrate, or vice versa, contacting the application site with 

a part of the composition that comprises the enzyme’s substrate and thereafter contacting 25 

the application site with a part of the composition that comprises the enzyme.  

In some embodiments of any of the embodiments described herein, the 

composition is prepared shortly before being contacted with the application site (e.g., 

skin, hair and/or nail) of the subject, by contacting a part of the composition that 

comprises the enzyme’s substrate with a part of the composition that comprises the 30 

enzyme’s substrate, and thereafter contacting the resulting composition with the 

application site (e.g., skin, hair and/or nail) of a subject.   
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The composition may be prepared from components packaged in a kit, as 

described in further detail hereinunder. 

In some embodiments of any of the embodiments described herein, the 

composition is packaged in a container, and can be used well after packaging.   

In some of any of these embodiments, a composition comprises the hydrogen 5 

peroxide-producing enzyme in contact with its substrate, but the enzyme in the 

composition is inhibited from producing hydrogen peroxide due to a lack of oxygen in 

the container.   

In some embodiments of any of the embodiments described herein, the container 

is air-tight, in order to limit the amount of oxygen which can be used by the enzyme to 10 

produce hydrogen peroxide.   

Herein, the term “air-tight” refers to a packaging and/or container sealed in such 

a manner such that there are no openings which allow gases such as oxygen to enter or 

escape, and wherein packaging and/or container is formed of a material which is 

substantially impermeable to such gases. 15 

In some embodiments of any of the embodiments described herein, air is 

evacuated from the packaging and/or container before sealing, for example, by 

subjecting the packaging and/or container to a reduced pressure and/or by purging the 

packaging and/or container with a gas which does not contain oxygen (e.g., nitrogen).     

In some embodiments of any of the embodiments described herein, the air-tight 20 

container is configured for dispensing the composition (e.g., dispensing more than once) 

without entry of air into the container, so as to avoid production of hydrogen peroxide in 

the container after dispensing some of the composition.   

In some embodiments of any of the embodiments described herein, the container 

has a volume which decreases upon dispensing, such that the container has little or no 25 

room for air to enter, even when the volume of the composition in the container 

decreases upon dispensing.  Examples of such containers include, for example, a flexible 

tube (e.g., similar to a toothpaste tube) which dispenses a composition when subjected to 

pressure, and a container comprising a piston which moves when dispensing a 

composition. 30 

In some embodiments of any of the embodiments described herein, an opening of 

the container (e.g., a nozzle) comprises a valve configured so as to be open only when a 
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composition is exiting the container through the opening, at which time the composition 

being dispensed obstructs air from entering through the opening. 

In some embodiments of any of the embodiments described herein, a 

composition comprises the hydrogen peroxide-producing enzyme in contact with its 

substrate, but the enzyme in the composition is inhibited from producing hydrogen 5 

peroxide due to a lack of water or humidity in the container.  Means for packaging in 

non-humid environment are well known in the art. 

In embodiments where the composition is packaged in a container, the container 

can be identified for use in any cosmetic application that requires hydrogen peroxide, as 

described in further detail hereinafter.  10 

The concentrations of the hydrogen peroxide-producing enzyme and the 

substrate thereof may be selected so as to result in a suitable rate of hydrogen peroxide 

production.  The skilled person can determine a suitable rate of hydrogen peroxide based 

on a desired concentration (e.g., steady state concentration) of hydrogen peroxide (which 

will depend on an intended use of the composition) and on a rate at which the hydrogen 15 

peroxide is consumed, which will depend, for example, on a concentration and reactivity 

of compounds which react with hydrogen peroxide (e.g., agents such as described 

herein).     

In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide- 20 

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 

to 1250 units/gram.   In some embodiments, the concentration is in a range of from 1.25 

to 125 units/gram.  In some embodiments, the concentration is in a range of from 4 to 40 

units/gram.  In some embodiments, the concentration is in a range of from 6 to 20 

units/gram.  In some embodiments, the concentration is about 12.5 units/gram.  25 

In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide-

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 1.25 

to 1250 units/gram.  In some embodiments, the concentration is in a range of from 4 to 

1250 units/gram.  In some embodiments, the concentration is in a range of from 12.5 to 30 

1250 units/gram.   
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In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide-

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 

to 125 units/gram.  In some embodiments, the concentration is in a range of from 0.125 

to 40 units/gram.  In some embodiments, the concentration is in a range of from 0.125 to 5 

12.5 units/gram.       

As used herein and in the art, a “unit” of an enzyme refers to an amount of the 

enzyme which catalyzes a conversion of 1 micromole of a substrate (e.g., a substrate as 

described herein) per minute, at a temperature of 25 °C and at substrate concentrations 

which yield a maximal conversion rate. 10 

In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the substrate of the 

hydrogen peroxide-producing enzyme (e.g., glucose) in the composition is in a range of 

from 0.0175 µmole/gram to 175 µmole/gram.  In some embodiment, the concentration is 

in a range of from 0.175 to 17.5 µmole/gram.  In some embodiment, the concentration is 15 

in a range of from 0.5 to 6 µmole/gram.  In some embodiment, the concentration is in a 

range of from 1 to 3.5 µmole/gram.  In some embodiment, the concentration is about 

1.75 µmole/gram.   

 In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the substrate of the 20 

hydrogen peroxide-producing enzyme (e.g., glucose) in the composition is in a range of 

from 0.175 µmole/gram to 175 µmole/gram.  In some embodiment, the concentration is 

in a range of from 0.5 to 175 µmole/gram.  In some embodiment, the concentration is in 

a range of from 1.75 to 175 µmole/gram.   

In some embodiments of any of the embodiments described in the context of a 25 

hydrogen peroxide-producing composition, a concentration of the substrate of the 

hydrogen peroxide-producing enzyme (e.g., glucose) in the composition is in a range of 

from 0.0175 µmole/gram to 17.5 µmole/gram.  In some embodiment, the concentration 

is in a range of from 0.0175 to 6 µmole/gram.  In some embodiment, the concentration is 

in a range of from 0.0175 to 1.75 µmole/gram.  30 

In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide-
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producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 

to 1250 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme (e.g., glucose) in the composition is in a range of from 0.0175 

µmole/gram to 175 µmole/gram.   In some embodiments, the enzyme concentration is in 

a range of from 1.25 to 125 units/gram.  In some embodiments, the enzyme 5 

concentration is in a range of from 4 to 40 units/gram.  In some embodiments, the 

enzyme concentration is in a range of from 6 to 20 units/gram.  In some embodiments, 

the enzyme concentration is about 12.5 units/gram.  In some embodiments, the enzyme 

is glucose oxidase and the substrate is glucose. 

In some embodiments of any of the embodiments described in the context of a 10 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide-

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 

to 1250 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme (e.g., glucose) in the composition is in a range of from 0.175 

µmole/gram to 175 µmole/gram.   In some embodiments, the enzyme concentration is in 15 

a range of from 1.25 to 125 units/gram.  In some embodiments, the enzyme 

concentration is in a range of from 4 to 40 units/gram.  In some embodiments, the 

enzyme concentration is in a range of from 6 to 20 units/gram.  In some embodiments, 

the enzyme concentration is about 12.5 units/gram.  In some embodiments, the enzyme 

is glucose oxidase and the substrate is glucose. 20 

In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide-

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 

to 1250 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme (e.g., glucose) in the composition is in a range of from 0.0175 25 

µmole/gram to 17.5 µmole/gram.   In some embodiments, the enzyme concentration is in 

a range of from 1.25 to 125 units/gram.  In some embodiments, the enzyme 

concentration is in a range of from 4 to 40 units/gram.  In some embodiments, the 

enzyme concentration is in a range of from 6 to 20 units/gram.  In some embodiments, 

the enzyme concentration is about 12.5 units/gram.  In some embodiments, the enzyme 30 

is glucose oxidase and the substrate is glucose. 
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In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide-

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 

to 1250 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme (e.g., glucose) in the composition is in a range of from 0.175 to 17.5 5 

µmole/gram.   In some embodiments, the enzyme concentration is in a range of from 

1.25 to 125 units/gram.  In some embodiments, the enzyme concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the enzyme concentration is in a range 

of from 6 to 20 units/gram.  In some embodiments, the enzyme concentration is about 

12.5 units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate 10 

is glucose. 

In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide-

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 

to 1250 units/gram, and a concentration of the substrate of the hydrogen peroxide- 15 

producing enzyme (e.g., glucose) in the composition is in a range of from 0.5 to 175 

µmole/gram.   In some embodiments, the enzyme concentration is in a range of from 

1.25 to 125 units/gram.  In some embodiments, the enzyme concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the enzyme concentration is in a range 

of from 6 to 20 units/gram.  In some embodiments, the enzyme concentration is about 20 

12.5 units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate 

is glucose. 

In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide-

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 25 

to 1250 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme (e.g., glucose) in the composition is in a range of from 0.0175 to 6 

µmole/gram.   In some embodiments, the enzyme concentration is in a range of from 

1.25 to 125 units/gram.  In some embodiments, the enzyme concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the enzyme concentration is in a range 30 

of from 6 to 20 units/gram.  In some embodiments, the enzyme concentration is about 
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12.5 units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate 

is glucose. 

In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide-

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 5 

to 1250 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme (e.g., glucose) in the composition is in a range of from 0.5 to 6 

µmole/gram.   In some embodiments, the enzyme concentration is in a range of from 

1.25 to 125 units/gram.  In some embodiments, the enzyme concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the enzyme concentration is in a range 10 

of from 6 to 20 units/gram.  In some embodiments, the enzyme concentration is about 

12.5 units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate 

is glucose. 

In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide- 15 

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 

to 1250 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme (e.g., glucose) in the composition is in a range of from 1.75 to 175 

µmole/gram.   In some embodiments, the enzyme concentration is in a range of from 

1.25 to 125 units/gram.  In some embodiments, the enzyme concentration is in a range of 20 

from 4 to 40 units/gram.  In some embodiments, the enzyme concentration is in a range 

of from 6 to 20 units/gram.  In some embodiments, the enzyme concentration is about 

12.5 units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate 

is glucose. 

In some embodiments of any of the embodiments described in the context of a 25 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide-

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 

to 1250 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme (e.g., glucose) in the composition is in a range of from 0.0175 to 1.75 

µmole/gram.   In some embodiments, the enzyme concentration is in a range of from 30 

1.25 to 125 units/gram.  In some embodiments, the enzyme concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the enzyme concentration is in a range 
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of from 6 to 20 units/gram.  In some embodiments, the enzyme concentration is about 

12.5 units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate 

is glucose. 

In some embodiments of any of the embodiments described in the context of a 

hydrogen peroxide-producing composition, a concentration of the hydrogen peroxide- 5 

producing enzyme (e.g., glucose oxidase) in the composition is in a range of from 0.125 

to 1250 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme (e.g., glucose) in the composition is in a range of from 1 to 3.5 

µmole/gram.   In some embodiments, the enzyme concentration is in a range of from 

1.25 to 125 units/gram.  In some embodiments, the enzyme concentration is in a range of 10 

from 4 to 40 units/gram.  In some embodiments, the enzyme concentration is in a range 

of from 6 to 20 units/gram.  In some embodiments, the enzyme concentration is about 

12.5 units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate 

is glucose. 

It is to be noted that for any one of the embodiments pertaining to a composition 15 

as described herein, any one of the hydrogen peroxide producing enzymes, including 

any of the embodiments described herein with respect thereto, in any combination, can 

be utilized (unless other indicated). 

In some embodiments of any of the embodiments and any of the aspects 

described herein, the composition is for obtaining hydrogen peroxide per se as an active 20 

agent.  The hydrogen peroxide may be intended, for example, for lightening a topical 

bodily site of a subject (e.g., a region of the skin, hair and/or nail of a subject) by direct 

reaction (e.g., bleaching) with the topical bodily site, for exhibiting an anti-microbial 

activity, or for exhibiting an odor removal activity (e.g., removal of skunk odor). 

In some embodiments of any of the embodiments and any of the aspects 25 

described herein, the composition further comprises at least one agent which exhibits a 

cosmetic or pharmaceutical activity in a presence of hydrogen peroxide.  In some 

embodiment, the composition is for obtaining the activity of such an agent, by 

generating hydrogen peroxide in a presence of the agent.  

Herein, “an agent that exhibits a cosmetic or pharmaceutical activity in the 30 

presence of hydrogen peroxide” encompasses agents that are activated in the presence of 

hydrogen peroxide.  By “activated” it is meant that the agent is chemically modified 
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(e.g., oxidized) in the presence of hydrogen peroxide and its oxidized form exhibits a 

desired cosmetic or pharmaceutical activity; or the agent is an enzyme which requires 

hydrogen peroxide for exhibiting its activity (e.g., requires hydrogen peroxide as a 

substrate or as a co-activator). 

Non-limiting examples of agents which exhibit a cosmetic or pharmaceutical 5 

activity in a presence of hydrogen peroxide include, for example, peroxidases and 

oxidative dye precursors. 

Oxidative dye precursors are compounds which react to form a colorant (e.g., a 

permanent dye) upon oxidation, for example, for use in coloring hair.  Hydrogen 

peroxide is commonly used for oxidizing such dye precursors, and many suitable 10 

oxidative dye precursors and their precise uses will be known to the skilled person.  In 

some embodiments of any of the embodiments described herein, the composition 

comprises at least one oxidative dye precursor for coloring hair.   

Peroxidases are enzymes which catalyze a formation of a reactive compound, 

such as a reactive oxygen species (ROS), in a presence of hydrogen peroxide.  A 15 

peroxidase thereby enhances a reactivity of the hydrogen peroxide, by converting it to a 

more reactive compound.  Such a composition may be useful, for example, for 

lightening a topical bodily site by reaction of the reactive compound with the bodily site, 

for exhibiting an anti-microbial activity, or for exhibiting an enhanced odor removal 

activity (e.g., removal of skunk odor).  20 

 In some embodiments of any of the embodiments described herein, a peroxidase 

oxidizes thiocyanate to hypothiocyanate and/or at least one halide (e.g., chloride, 

bromide and/or iodide) to a hypohalite (e.g., hypochlorite, hypobromite and/or 

hypoiodite).  Examples of such peroxidases include, without limitation, 

myeloperoxidase and eosinophil peroxidase (which can each oxidize, for example, 25 

thiocyanate, chloride, bromide and iodide), lactoperoxidase (which can oxidize, for 

example, thiocyanate, bromide and iodide), ovoperoxidase and vanadium 

bromoperoxidase (which can each oxidize, for example, bromide and iodide), Murex 

bromoperoxidase (which can oxidize, for example, bromide), horseradish peroxidase 

(which can oxidize, for example, thiocyanate and iodide) and thyroid peroxidase (which 30 

can oxidize, for example, iodide). 
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In some embodiments of any of the embodiments described herein, the 

composition further comprises a substrate (e.g., thiocyanate, chloride, bromide, iodide, 

and/or an oxidizing mediator as described herein) which is oxidized in the presence of 

hydrogen peroxide and the peroxidase. 

Herein, the phrase “oxidizing mediator” refers to a molecule which facilitates a 5 

redox reaction catalyzed by the peroxidase, for example, by increasing the oxidative 

potential and/or the stability of a peroxidase, and/or by acting as a co-factor for the 

peroxidase, and/or by acting as a substrate of the peroxidase which forms a reactive 

intermediate product (e.g., a free radical).  Oxidizing mediators include compounds 

(e.g., aromatic compounds) capable of stabilizing electrons (e.g., by delocalization) 10 

transferred during a reaction catalyzed by the peroxidase.  

In some embodiments of any of the embodiments described herein, the 

peroxidase oxidizes a substrate (e.g., thiocyanate, chloride, bromide, iodide) present in 

or on the topical bodily site in the presence of hydrogen peroxide. 

Other cosmetic or pharmaceutical activities of peroxidases may also be utilized 15 

in the context of any of the embodiments of this aspect of the invention.   

In some embodiments of any of the embodiments described herein, the 

peroxidase is capable, in a presence of hydrogen peroxide, of degrading melanin in a 

subject (e.g., in skin and/or hair).  In some embodiments, a presence of an oxidizing 

mediator is necessary for the peroxidase to degrade melanin in the presence of hydrogen 20 

peroxide.  Degradation of melanin is useful for lightening skin and/or hair.  Lignin 

peroxidase is an exemplary peroxidase capable of degrading melanin.  

Without being bound by any particular theory, it is believed that some 

peroxidases (e.g., lignin peroxidase) degrade melanin by oxidizing an oxidizing 

mediator (which serves as a substrate) so as to form a free radical, and the free radical 25 

then reacts so as to degrade melanin.  

In some embodiments of any of the embodiments and any of the aspects 

described herein, the composition is a hair-dye composition.  Herein, the phrase “hair-

dye composition” refers to any composition used in the coloring (e.g., permanent 

dyeing) of hair, including compositions which comprise a hair dye and/or precursor 30 

thereof and compositions which do not comprise a hair dye or precursor thereof, but 
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which are intended to be contacted with a hair dye and/or precursor thereof (e.g., on the 

hair). 

In some embodiments of any of the embodiments and any of the aspects 

described herein, the composition is an odor-removal composition, for example, for 

removal of skunk odor (e.g., from skin, hair and/or nail).  In some embodiments, the 5 

odor-removal composition further comprises a detergent (e.g., sodium lauryl sulfate) 

and/or an alkaline agent (e.g., sodium bicarbonate). 

In some embodiment of any of the embodiments and any of the aspects described 

herein, the composition is an anti-microbial composition.  Herein, the phrase “anti-

microbial composition” refers to any composition for killing or otherwise inhibiting 10 

microscopic animals, plants, fungi, bacteria, archaebacteria and/or viruses.  

In some embodiments of any of the embodiments and any of the aspects 

described herein, the composition is a bleaching composition.  Herein, the phrase 

“bleaching composition” refers to any composition for removing at least a portion of a 

color, and includes, for example, compositions for lightening skin and/or portions of 15 

skin, hair bleaching compositions, and compositions for removing stains from nails. 

As exemplified herein, lignin peroxidase is capable of degrading melanin, 

thereby lightening skin and/or hair. 

Lignin peroxidase is an exemplary agent which exhibits a cosmetic activity in a 

presence of hydrogen peroxide. 20 

In some embodiments, lignin peroxidase is utilized in combination with any one 

of the embodiments described herein for a composition and/or hydrogen peroxide 

producing enzyme, and any combination thereof. 

In some embodiments of any of the embodiments described herein, the skin to be 

lightened comprises facial skin (e.g., forehead and/or cheeks). 25 

In some embodiments of any of the embodiments described herein, the skin to be 

lightened comprises a skin region exposed to the sun (e.g., a tanned region). 

In some embodiments of any of the embodiments described herein, lightening 

skin comprises lightening a whole skin complexion. 

In some embodiments of any of the embodiments described herein, the skin to be 30 

lightened comprises a relatively dark portion of skin, for example, skin comprising an 
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uneven tone, one or more dark spots, one or more freckles, melasma, hyperpigmentation 

of skin, skin discoloration, one or more age spots, one or more acne marks and/or a scar. 

As described herein, a desired concentration of hydrogen peroxide may be 

determined by selecting suitable concentrations of hydrogen peroxide-producing enzyme 

and the substrate thereof and compounds which react with hydrogen peroxide (if any 5 

described herein). 

In some embodiments of any of the embodiments described herein, a 

composition for obtaining hydrogen peroxide per se (e.g., a bleaching composition) has 

concentrations of ingredients selected so as to result in a relatively high hydrogen 

peroxide concentration, for example, from 0.5 to 12 weight percents.  In some 10 

embodiments, the hydrogen peroxide concentration is no more than 6 weight percents.  

In some embodiments, the hydrogen peroxide concentration is no more than 3 weight 

percents.  A relatively high hydrogen peroxide concentration may be obtained, for 

example, by minimizing a presence of compounds which react with hydrogen peroxide 

and/or by selecting higher concentration of the component of the enzymatic system, as 15 

described herein. 

In some embodiments of any of the embodiments described herein, a 

composition comprising an agent exhibiting an activity in a presence of hydrogen 

peroxide (e.g., as described herein) has concentrations of ingredients selected so as to 

result in a hydrogen peroxide concentration suitable for obtaining the activity of the 20 

agent.  In some embodiments, the hydrogen peroxide concentration is relatively low, for 

example, no more than 0.5 weight percents.  In some embodiments, the hydrogen 

peroxide concentration is no more than 0.1 weight percents.  In some embodiments, the 

hydrogen peroxide concentration is no more than 0.02 weight percents.  It is to be 

appreciated that the agent may help to maintaining a relatively low hydrogen peroxide 25 

concentration by reacting with the hydrogen peroxide.  The agent may continuously 

react with the generated hydrogen peroxide such that a low concentration of hydrogen 

peroxide is continuously maintained.  

Low concentration of hydrogen peroxide may be especially advantageous, for 

example, in a composition comprises an agent (e.g., a protein such as a peroxidase) 30 

which may be sensitive to (e.g., adversely affected by) high peroxide concentrations 

and/or which may be highly efficient at reacting with hydrogen peroxide.  Such agents 
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which may be adversely affected by high hydrogen peroxide concentrations include, for 

example, certain peroxidases (e.g., lignin peroxidase), which are known for, for 

example, undergoing “self-suicidality” in the presence of high concentrations of 

hydrogen peroxide. 

Kits for obtaining the hydrogen peroxide-producing composition: 5 

It is to be understood that a hydrogen peroxide-producing composition according 

to any one of the embodiments relating to such compositions may be obtained using a kit 

according to any one of the embodiments described herein relating to such kits (e.g., as 

described in this section).  The skilled person will be capable of selecting a suitable kit 

as described herein so as to obtain any desired composition described herein, based on 10 

the guidance provided herein.   

For any one of the embodiments describing a kit, any one of the hydrogen 

peroxide-producing enzymes and/or compositions, including any one of the respective 

embodiments thereof, and any combination thereof, can be utilized. 

In some embodiments of any of the embodiments described herein, any of the 15 

compositions as described herein can be considered as a two (or more)-part 

composition, in which one part of the composition comprises a hydrogen peroxide-

producing enzyme as described herein and one part of the composition comprises a 

substrate of the enzyme. 

In some embodiments of any of the embodiments described herein, the two-part 20 

composition is packaged in a kit and is identified for use in any cosmetic or 

pharmaceutical application that utilizes hydrogen peroxide, either per se, or in 

combination with another agent, as described herein.  

 According to an aspect of some embodiments of the invention, there is provided 

a kit for forming and/or applying (topically) to a topical bodily site of a subject a 25 

cosmetic or pharmaceutical composition, as described herein, wherein the cosmetic or 

pharmaceutical composition comprises hydrogen peroxide (e.g., in accordance with a 

method described herein).   

 In some embodiments of any of the embodiments described herein, the 

composition is packaged in the kit such that all of its components are packaged together 30 

in a container, under conditions that inhibit hydrogen peroxide formation, as described 

herein.  In some of these embodiments, once the composition is dispensed from the 



 34

container and applied on the bodily site, its exposure to air and/or humidity promotes a 

reaction between the hydrogen peroxide-producing enzyme and its substrate and 

hydrogen peroxide is produced. 

In some embodiments of any of the embodiments described herein, a part of the 

composition which comprises a hydrogen peroxide-producing enzyme and a part of the 5 

composition which comprise the substrate are packaged individually within the kit, such 

that the composition is formed once these two parts of the composition are mixed.  

By “packaged individually” it is meant that the there is no direct contact between 

the parts of the composition (or the first and second compositions as described herein) 

when in the kit. 10 

For example, each part of the composition (e.g., a first composition and a second 

composition, as described herein) is individually packaged within a sealed container in 

the kit.  The container can be made of e.g., plastic, wood, nylon, glass, fabric, metal, 

leather and/or metal foil.   

One or more of the containers may include means for dispensing its content, 15 

either directly to the topical bodily site or to a receptacle for mixing with other parts of 

the composition which are packaged individually within the kit.  Alternatively, the kit 

further comprises means for dispensing the contents of one or more of the containers, 

and/or means for mixing the contents of the container and means for dispensing the 

obtained mixture on the topical bodily site.  20 

In some embodiments of any of the embodiments described herein, the kit 

comprises a first composition comprising a hydrogen peroxide-producing enzyme (e.g., 

as described herein) and a second composition comprising a substrate of the hydrogen 

peroxide-producing enzyme (e.g., as described herein).  In some embodiments, the first 

and second compositions of the kit are packaged individually in the kit.  The first 25 

composition and second composition of the kit may be combined so as to prepare the 

cosmetic or pharmaceutical composition (e.g., a composition described herein) in which 

the enzyme contacts the substrate, thereby producing hydrogen peroxide in the 

composition.  

In some embodiments of any of the embodiments described herein, the kit 30 

further comprises at least one agent which exhibits a cosmetic or pharmaceutical 

activity in a presence of hydrogen peroxide (e.g., as described herein).  The agent(s) 
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may be included within the first composition, the second composition and/or in a third 

composition within the kit, which is individually packaged in the kit.  The first 

composition and second composition and optional third composition of the kit may be 

combined so as to prepare the cosmetic or pharmaceutical composition comprising the 

agent(s) (e.g., as described herein).   5 

Combining the first and second compositions of the kit can be effected 

immediately before application to the topical bodily site (e.g., between 1 minute and 10 

minutes before application), or during application to the topical bodily site.   

Minimizing a time interval between combination of the compositions may be 

advantageous in avoiding a situation in which hydrogen peroxide is being produced in 10 

the presence of an agent, such as a peroxidase or an oxidative dye precursor, which 

reacts with the hydrogen peroxide (e.g., as described herein) when the composition is 

not in contact with the topical body site, as such a situation could result in non-

productive consumption (e.g., a waste) of the hydrogen peroxide.  

Combining the first and second compositions of the kit during application can be 15 

effected, for example, by co-administering the first and second compositions of the kit to 

the topical bodily site. 

By “co-administering” it is meant that the first and second compositions are 

topically administered to the bodily site at the same time (concomitantly) or, that the 

first and second compositions of the kit are administered sequentially, in any order, 20 

whereby the time interval between administration of the first composition and 

administration of the second composition may range from 0.1 minute to 5 minute.  In 

some embodiments, the time interval is no more than 2 minutes. 

If a third composition is included in the kit, it can be combined with the first and 

second composition before application to the bodily site, or be co-administered to the 25 

bodily site with the first and second compositions. 

The third composition can be co-administered concomitantly with the first 

and/or second composition, before administration of the first and/or second 

composition, or thereafter, with the time interval between administrations is as 

described hereinabove. 30 

In some embodiments of any of the embodiments described herein, the kit further 

comprises written instructions for how to use a composition(s) therein, for example, an 
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amount of a composition to be applied, a sequence in which different compositions are 

to be applied, a timing and/or frequency of applications, and/or a duration of treatment 

(e.g., as described herein). 

In some embodiments of any of the embodiments described herein, the kit 

further comprises a wash composition, such as a facial wash, for cleaning a topical body 5 

site prior to contact with a composition described herein. 

According to exemplary embodiments, the facial wash comprises ingredients as 

presented in Table 1: 

 

Table 1: Facial wash according to exemplary embodiments  10 

Ingredient Weight percentage range 

Water 25 – 50 % 

Propanediol 10 – 25 % 

Glycerin 10 – 25 % 

Stearic acid 10 – 25 % 

Myristic acid 5 – 10 % 

Potassium hydroxide 5 – 10 % 

Lauric acid 1 – 5 % 

Decyl glucoside 1 – 5 % 

Glycol distearate 1 – 5 % 

Glyceryl stearate 1 – 5 % 

PEG-100 stearate 1 – 5 % 

Synthetic beeswax 1 – 5 % 

Potassium cocoyl glycinate 0 - 0.1 % 

Butylated hydroxytoluene (BHT) 0 - 0.1 % 

Lignin peroxidase 0 - 0.1 % 

 

In some embodiments of any of the embodiments described herein, the kit 

includes appropriate instructions for use and labels indicating approval by a regulatory 

agency for the indicated use, as described herein. 
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Cosmetic applications of a hydrogen peroxide-producing composition: 

As exemplified herein, by providing a hydrogen peroxide-producing enzyme in 

contact with its substrate, the compositions described herein are effective at 

administering hydrogen peroxide to a surface. 

According to an aspect of embodiments of the invention, there is provided a 5 

method of topically administering hydrogen peroxide to a topical bodily site of a subject 

(e.g., to skin, hair and/or nail of a subject).  The method, according to some of these 

embodiments, is effected by contacting a topical bodily site, or a region thereof, of the 

subject with a composition (e.g., a composition described herein) comprising a hydrogen 

peroxide-producing enzyme and a substrate of the hydrogen peroxide-producing 10 

enzyme.  In some embodiments, the composition is formed by a hydrogen peroxide-

producing enzyme and a substrate thereof as packaged within a kit as described herein. 

It is to be understood that a method of topically administering hydrogen peroxide 

according to any one of the embodiments relating to such a method (e.g., as described in 

this section) may utilize a hydrogen peroxide-producing system and/or a kit according to 15 

any one of the embodiments described herein relating to such systems and/or kits.  

As used herein the terms “topical” and “topically” refer to a topical body site, as 

defined herein, including, for example, to administration of a composition by 

application onto a topical body site, and to compositions for administration in such a 

manner. 20 

Herein, the phrase “topical body site” or “topical bodily site” refers to a skin 

surface (including any particular region of the skin surface), and/or hair (including all 

hair and/or any particular region of hair) from any part of the body, and/or a nail surface 

(including all fingernails and/or toenails, and/or any individual nail and/or a region 

thereof).  The skin may be of any part of a body, for example, facial skin, neck skin, 25 

arm skin, hand skin, torso skin and/or leg skin.  The hair may be, for example, head 

hair, facial hair and/or pubic hair.  This phrase encompasses also a certain region or part 

of a skin surface (e.g., a part of a facial skin, a part of an arm or leg skin), or of a hair 

(e.g., a part of facial, head or pubic hair), as described in further detail elsewhere herein.  

In some embodiments of any of the embodiments described herein, the skin of a 30 

topical body site does not include mucous membranes such as those of the mouth, lips, 

eyelids, ears, genital area and anus.  
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In some embodiments of any of the embodiments described herein, the 

composition is formed by contacting the topical bodily site or a region thereof with the 

hydrogen peroxide-producing enzyme and/or the substrate thereof subsequent to 

contacting the topical bodily site or a region thereof with the agent which exhibits a 

cosmetic or pharmaceutical activity in a presence of hydrogen peroxide. In such a 5 

sequence, hydrogen peroxide will only be generated in a presence of the agent which 

exhibits a cosmetic or pharmaceutical activity in a presence of hydrogen peroxide, which 

may allow for a more efficient utilization of the hydrogen peroxide. 

In some embodiments of any of the embodiments described herein, the 

composition is formed by contacting the topical body site with the hydrogen peroxide- 10 

producing enzyme before contacting the topical body site with the substrate. 

In some embodiments of any of the embodiments described herein, the 

composition is formed by contacting the topical body site with the hydrogen peroxide-

producing enzyme after contacting the topical body site with the substrate. 

In some embodiments of any of the embodiments described herein, the 15 

composition is formed by contacting the topical body site with the hydrogen peroxide-

producing enzyme concomitantly with contacting the topical body site with the 

substrate.   

The agent which exhibits a cosmetic or pharmaceutical activity in a presence of 

hydrogen peroxide may be contacted with the topical body site (or region thereof) 20 

before, after or concomitantly with contacting the topical region with any of the other 

components, for example, by co-administering (as defined herein) the agent with the 

hydrogen peroxide-producing enzyme and/or the substrate thereof.  

In some embodiments of any of the embodiments described herein, the method is 

for coloring hair, and the method further comprising contacting the hair with at least one 25 

oxidative dye precursor for coloring hair, as described herein.   

In some embodiments of any of the embodiments described herein, the method 

further comprises contacting the topical body site with a peroxidase (e.g., as described 

herein).  Such a method, may be useful, for example, for lightening a topical bodily site, 

for exhibiting an anti-microbial activity, or for exhibiting an enhanced odor removal 30 

activity (e.g., as described herein). 



 39

In some embodiments of any of the embodiments described herein, the method 

further comprises contacting the topical body site with a substrate and/or oxidizing 

mediator of the peroxidase (e.g., as described herein). 

In some embodiments of any of the embodiments described herein, the method is 

for removal of skunk odor (e.g., from a topical body site).  In some embodiments, the 5 

method further comprises contacting the topical body site with a detergent (e.g., sodium 

lauryl sulfate) and/or an alkaline agent (e.g., sodium bicarbonate). 

In some embodiments of any of the embodiments described herein, the method is 

for obtaining an anti-microbial activity, for example, by forming an anti-microbial 

composition (e.g., as described herein).  10 

In some embodiments of any of the embodiments described herein, the method is 

for bleaching a topical body site or a region thereof, for example, by forming a bleaching 

composition (e.g., as described herein).  The method may comprise, for example, 

lightening skin and/or portions of skin, bleaching hair, and/or removing stains from 

nails. 15 

In some embodiments of any of the embodiments described herein, the method is 

for lightening facial skin (e.g., forehead and/or cheeks). 

In some embodiments of any of the embodiments described herein, the method is 

for lightening a skin region exposed to the sun (e.g., a tanned region). 

In some embodiments of any of the embodiments described herein, the method is 20 

for lightening a whole skin complexion. 

In some embodiments of any of the embodiments described herein, the method is 

for lightening a relatively dark portion of skin, for example, skin comprising an uneven 

tone, one or more dark spots, one or more freckles, melasma, hyperpigmentation of skin, 

skin discoloration, one or more age spots, one or more acne marks and/or a scar. 25 

In some embodiments of any of the embodiments described herein, the method is 

effected repeatedly, optionally even indefinitely, in order to respond to repeated color 

formation, such as newly formed melanin in skin, new growth of dark hair, chronic stain 

formation in nails, and so forth. 

In some embodiments of any of the embodiments described herein, the method is 30 

effected by contacting the topical region with the composition at least 5 times.  In some 

embodiments, the method is effected by contacting the topical region with the 
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composition at least 10 times.  In some embodiments, the method is effected by 

contacting the topical region with the composition at least 20 times.  In some 

embodiments, the method is effected by contacting the topical region with the 

composition at least 50 times.  In some embodiments, the method is effected by 

contacting the topical region with the composition at least 100 times.  In some 5 

embodiments, the method is effected by contacting the topical region with the 

composition at least 200 times. 

In some embodiments of any of the embodiments described herein, the method is 

effected by contacting the topical region once or twice per day.  In exemplary 

embodiments, contacting is effected twice per day.   10 

In some embodiments of any of the embodiments described herein, the method is 

effected for at least one week.  In some embodiments, the method is effected for at least 

two weeks.  In some embodiments, the method is effected for at least three weeks.  In 

some embodiments, the method is effected for at least four weeks.  In some 

embodiments, the method is effected for at least six weeks.  In some embodiments, the 15 

method is effected for at least eight weeks.  In some embodiments, the method is 

effected for at least three months.  In some embodiments, the method is effected for at 

least four months.  In some embodiments, the method is effected for at least six months.  

In some embodiments, the method is effected for at least one year. 

 The dosing and course of treatment will depend on the type of treatment and the 20 

severity of an affliction being treated, with course of treatment lasting from one day to 

several weeks or longer, or until cure is effected or diminution of the condition being 

treated is achieved.    

 The amount of a composition to be administered will, of course, be dependent 

on the subject being treated, the degree of a condition being treated, the manner of 25 

administration, the judgment of a prescribing physician or a cosmetician or the 

consumer, the desired effect of the composition, etc. 

In some embodiments of any of the embodiments described herein, the topical 

body site is cleaned (e.g., with a wash, as described herein) prior to contact with a 

composition described herein. 30 
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In embodiments where the method is, for example, for bleaching or coloring 

hair, the method can be effected once, for achieving a desired effect and can be repeated 

once the desired effect is reduced or diminished. 

In embodiments where the method is, for example, for treating an infection, the 

treatment is effected once, until the infection is eliminated, and the number of 5 

administrations and treatment duration is effected until cure is effected. 

Hydrogen peroxide-producing compositions, methods and kits for lightening 

skin and/or hair: 

An exemplary embodiment of the compositions, methods and kits described 

herein is a composition for lightening a topical body site such as skin and/or hair in 10 

which a hydrogen peroxide-producing composition as described herein is used in 

combination with lignin peroxidase. 

It is to be understood that a composition, method and/or kit according to any one 

of the embodiments relating to such compositions, methods and/or kits may be utilized 

for lightening kin and/or hair, as described herein (e.g., in this section).   15 

 In some embodiments of any of the embodiments described herein, there is 

provided a cosmetic composition for lightening a topical body site such as skin and/or 

hair of a subject (e.g., as described herein), the composition comprising a lignin 

peroxidase, a hydrogen peroxide-producing enzyme (e.g., as described herein) and a 

substrate of the hydrogen peroxide-producing enzyme (e.g., as described herein). 20 

According to another aspect of embodiments described herein, there is provided 

a cosmetic method of lightening a topical body site such as skin and/or hair of a subject 

(e.g., as described herein), the method comprising contacting a topical region of a 

subject with a composition comprising a lignin peroxidase, a hydrogen peroxide-

producing enzyme and a substrate of the hydrogen peroxide-producing enzyme (e.g., a 25 

lignin peroxidase-containing composition described herein).  In some embodiments, the 

composition is formed by a lignin peroxidase, a hydrogen peroxide-producing enzyme 

and a substrate thereof as packaged within a kit described herein. 

In some embodiments of any of the embodiments described herein, the 

composition is formed by contacting the topical region with the hydrogen peroxide- 30 

producing enzyme and/or the substrate thereof subsequent to contacting the topical 

region with the lignin peroxidase. In such a sequence, hydrogen peroxide will only be 
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generated in a presence of the lignin peroxidase, which may allow for a more efficient 

utilization of the hydrogen peroxide. 

Compositions comprising lignin peroxidase, as described herein, can be provided 

at higher concentrations and be prescribed by a physician as a pharmaceutical or a 

cosmetic composition to treat skin pigmentation disorders such as melasma, chloasma, 5 

ochronosis, and lentigo, and/or to lighten whole skin complexion.   

In some embodiments of any of the embodiments described herein, the method is 

effected by contacting the topical region with the composition at least 5 times.  In some 

embodiments, the method is effected by contacting the topical region with the 

composition at least 10 times.  In some embodiments, the method is effected by 10 

contacting the topical region with the composition at least 20 times.  In some 

embodiments, the method is effected by contacting the topical region with the 

composition at least 50 times.  In some embodiments, the method is effected by 

contacting the topical region with the composition at least 100 times.  In some 

embodiments, the method is effected by contacting the topical region with the 15 

composition at least 100 times. 

In some embodiments of any of the embodiments described herein, the method is 

effected by contacting the topical region once or twice per day.  In exemplary 

embodiments, contacting is effected twice per day.   

In some embodiments of any of the embodiments described herein, the method is 20 

effected for at least one week.  In some embodiments, the method is effected for at least 

two weeks.  In some embodiments, the method is effected for at least three weeks.  In 

some embodiments, the method is effected for at least four weeks.  In some 

embodiments, the method is effected for at least six weeks.  In some embodiments, the 

method is effected for at least eight weeks.  In some embodiments, the method is 25 

effected for at least three months.  In some embodiments, the method is effected for at 

least four months.  In some embodiments, the method is effected for at least six months.  

In some embodiments, the method is effected for at least one year. 

 The dosing and course of treatment will depend on the degree of color (e.g., 

pigmentation) in the region to be treated, for example, a degree of skin pigmentation in 30 

a skin pigmentation disorder (e.g., chloasma, melasma, ochronosis and lentigo), the tone 

of skin color, skin complexion and/or the responsiveness of the skin, with course of 
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treatment lasting from several days to several weeks or longer, or until cure is effected 

or diminution of the skin disorder is achieved.    

 The amount of a composition to be administered will, of course, be dependent 

on the subject being treated, the degree of a condition being treated, the manner of 

administration, the judgment of a prescribing physician or a cosmetician or the 5 

consumer, etc. 

Lignin peroxidase: 

It is to be understood that lignin peroxidase according to any one of the 

embodiments described herein relating to lignin peroxidase (e.g., as described in this 

section) may be used in combination with a hydrogen peroxide-producing enzymatic 10 

system according to any one of the embodiments described herein relating to such a 

system. 

As used herein the phrase “lignin peroxidase” refers to an enzyme which plays a 

major role in lignin degradation.  Lignin peroxidase is able to catalyze the oxidation of 

substrates with high redox potential.  This unique ability is consistent with a heme 15 

active site of low electron density, which is indicated by high redox potential [Cai and 

Tien, J Biotechnol 1993, 30: 79-90].   

 Examples of lignin peroxidases are classified as EC 1.11.1.14. 

 Manganese peroxidase (EC 1.11.1.13) is involved in degradation of lignin in 

Basidomycetes (e.g., Phanerochaete chrysosporium), and is also defined herein as a 20 

lignin degrading peroxidase. 

Lignin peroxidase is produced in various organisms and the coding sequences of 

the lignin peroxidase enzymes are available from GenBank via the Hypertext Transfer 

Protocol ://World Wide Web (dot) ncbi (dot) nlm (dot) nih (dot) gov/.  For example, 

lignin peroxidase from Phanerochaete chrysosporium (SEQ ID NO:1); Mycobacterium 25 

tuberculosis H37Rv  [GenBank Accession No. NP_216416.1 (SEQ ID NO:2 

(polypeptide) and SEQ ID NO:3 (polynucleotide)]; Mycobacterium bovis AF2122/97 

[GenBank Accession No. NP_855586.1 (SEQ ID NO:4 (polypeptide) and SEQ ID 

NO:5 (polynucleotide)]; Mycobacterium bovis BCG str. Pasteur 1173P2 [GenBank 

Accession No. YP_978029.1 (SEQ ID NO:6 (polypeptide) and SEQ ID NO:7 30 

(polynucleotide)]; Mycobacterium bovis BCG str. Tokyo 172  [GenBank Accession No. 

YP_002644977.1 (SEQ ID NO:8 (polypeptide) and SEQ ID NO:9 (polynucleotide)];  
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Mycobacterium tuberculosis H37Ra  [GenBank Accession No. YP_001283231.1 (SEQ 

ID NO:10 (polypeptide) and SEQ ID NO:11 (polynucleotide)]; Mycobacterium 

ulcerans Agy99  [GenBank Accession No. YP_908214.1 (SEQ ID NO:12 (polypeptide) 

and SEQ ID NO:13 (polynucleotide)];  Mycobacterium marinum M [GenBank 

Accession No.  YP_001848608.1 (SEQ ID NO:14 (polypeptide) and SEQ ID NO:15 5 

(polynucleotide)]; Mycobacterium tuberculosis KZN 1435 [GenBank Accession No.  

YP_003032055.1 (SEQ ID NO:16 (polypeptide) and SEQ ID NO:17 (polynucleotide)]; 

Mycobacterium tuberculosis F11 [GenBank Accession No.  YP_001287866.1  (SEQ ID 

NO:18 (polypeptide) and SEQ ID NO:19 (polynucleotide)]; P. chrysosporium ligninase 

(CKG4) [GenBank Accession No. M18743.1  (SEQ ID NO:20 (polypeptide) and SEQ 10 

ID NO:21 (polynucleotide)]; Phanerochaete chrysosporium (anamorph: Sporotrichum 

pruinosum)  [GenBank Accession No. M80213.1 (SEQ ID NO:22 (polypeptide) and 

SEQ ID NO:23 (polynucleotide)];   Phanerochaete sordida ylpB [GenBank Accession 

No.  AB455007.1 (SEQ ID NO:24 (polypeptide) and SEQ ID NO:25 (polynucleotide)]; 

Phanerochaete chrysosporium (anamorph: Sporotrichum pruinosum)  [GenBank 15 

Accession No. M77508.1 (SEQ ID NO:26 (polypeptide) and SEQ ID NO:27 

(polynucleotide)]. 

In some embodiments of any of the embodiments described herein, the lignin 

peroxidase is a lignin peroxidase of a white rot fungus, for example, a lignin peroxidase 

extracted from a white rot fungus or a recombinant protein derived from a white rot 20 

fungus lignin peroxidase.    

Herein and in the art, the phrase “white rot fungus” refers to fungi capable of 

breaking down lignin in wood.  As such a process often leaves the light-colored 

cellulose of the wood, such fungi typically cause the attacked wood to assume a lighter 

color. 25 

Examples of white rot fungi producing a suitable lignin peroxidase include, 

without limitation, Phanerochaete (e.g., Phanerochaete chrysosporium, Phanerochaete 

sordida), Trametes (e.g., Trametes versicolor) and Ganoderma.   

 According to some embodiments of any of the embodiments of the invention, 

the lignin peroxidase enzyme used according to some embodiments of the invention is 30 

the lignin peroxidase H1 isoform, which exhibits melanin oxidation activities both in 

vitro and in vivo [WO 2004/052275].   
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 In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in the composition is in a range of from 1.25 to 125 

units/gram.  In some embodiments, the concentration is in a range of from 4 to 40 

units/gram.  In some embodiments, the concentration is in a range of from 6 to 20 

units/gram.  In some embodiments, the concentration is about 12.5 units/gram.  5 

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in the composition is in a range of from 4 to 125 

units/gram.  In some embodiments, the concentration is in a range of from 6 to 125 

units/gram.  In some embodiments, the concentration is in a range of from 12.5 to 125 

units/gram.   10 

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in the composition is in a range of from 1.25 to 40 

units/gram.  In some embodiments, the concentration is in a range of from 1.25 to 20 

units/gram.  In some embodiments, the concentration is in a range of from 1.25 to 12.5 

units/gram. 15 

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in the composition is in a range of from 1.25 to 125 

units/gram, and a concentration of the hydrogen peroxide-producing enzyme in the 

composition is in a range of from 0.125 to 1250 units/gram.  In some embodiments, the 

lignin peroxidase concentration is in a range of from 1.25 to 40 units/gram.  In some 20 

embodiments, the lignin peroxidase concentration is in a range of from 4 to 125 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 6 to 20 units/gram.  In some embodiments, the lignin peroxidase 

concentration is about 12.5 units/gram.  In some embodiments, the hydrogen peroxide- 25 

producing enzyme is glucose oxidase.    

 In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in the composition is in a range of from 1.25 to 125 

units/gram, and a concentration of the hydrogen peroxide-producing enzyme in the 

composition is in a range of from 1.25 to 1250 units/gram.  In some embodiments, the 30 

lignin peroxidase concentration is in a range of from 1.25 to 40 units/gram.  In some 

embodiments, the lignin peroxidase concentration is in a range of from 4 to 125 
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units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 6 to 20 units/gram.  In some embodiments, the lignin peroxidase 

concentration is about 12.5 units/gram.  In some embodiments, the hydrogen peroxide-

producing enzyme is glucose oxidase.    5 

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in the composition is in a range of from 1.25 to 125 

units/gram, and a concentration of the hydrogen peroxide-producing enzyme in the 

composition is in a range of from 0.125 to 125 units/gram.  In some embodiments, the 

lignin peroxidase concentration is in a range of from 1.25 to 40 units/gram.  In some 10 

embodiments, the lignin peroxidase concentration is in a range of from 4 to 125 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 6 to 20 units/gram.  In some embodiments, the lignin peroxidase 

concentration is about 12.5 units/gram.  In some embodiments, the hydrogen peroxide- 15 

producing enzyme is glucose oxidase.    

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in the composition is in a range of from 1.25 to 125 

units/gram, and a concentration of the hydrogen peroxide-producing enzyme in the 

composition is in a range of from 1.25 to 125 units/gram.  In some embodiments, the 20 

lignin peroxidase concentration is in a range of from 1.25 to 40 units/gram.  In some 

embodiments, the lignin peroxidase concentration is in a range of from 4 to 125 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 6 to 20 units/gram.  In some embodiments, the lignin peroxidase 25 

concentration is about 12.5 units/gram.  In some embodiments, the hydrogen peroxide-

producing enzyme is glucose oxidase.    

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in the composition is in a range of from 1.25 to 125 

units/gram, and a concentration of the hydrogen peroxide-producing enzyme in the 30 

composition is in a range of from 4 to 1250 units/gram.  In some embodiments, the 

lignin peroxidase concentration is in a range of from 1.25 to 40 units/gram.  In some 
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embodiments, the lignin peroxidase concentration is in a range of from 4 to 125 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 6 to 20 units/gram.  In some embodiments, the lignin peroxidase 

concentration is about 12.5 units/gram.  In some embodiments, the hydrogen peroxide- 5 

producing enzyme is glucose oxidase.    

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in the composition is in a range of from 1.25 to 125 

units/gram, and a concentration of the hydrogen peroxide-producing enzyme in the 

composition is in a range of from 0.125 to 40 units/gram.  In some embodiments, the 10 

lignin peroxidase concentration is in a range of from 1.25 to 40 units/gram.  In some 

embodiments, the lignin peroxidase concentration is in a range of from 4 to 125 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 6 to 20 units/gram.  In some embodiments, the lignin peroxidase 15 

concentration is about 12.5 units/gram.  In some embodiments, the hydrogen peroxide-

producing enzyme is glucose oxidase.    

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in the composition is in a range of from 1.25 to 125 

units/gram, and a concentration of the hydrogen peroxide-producing enzyme in the 20 

composition is in a range of from 4 to 40 units/gram.  In some embodiments, the lignin 

peroxidase concentration is in a range of from 1.25 to 40 units/gram.  In some 

embodiments, the lignin peroxidase concentration is in a range of from 4 to 125 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 4 to 40 units/gram.  In some embodiments, the lignin peroxidase concentration is 25 

in a range of from 6 to 20 units/gram.  In some embodiments, the lignin peroxidase 

concentration is about 12.5 units/gram.  In some embodiments, the hydrogen peroxide-

producing enzyme is glucose oxidase.     

According to some embodiments of any of the embodiments described herein, 

lignin peroxidase is used in combination with an oxidizing mediator.  In some 30 

embodiments of any of the embodiments described herein, a composition comprising 

lignin peroxidase further comprises an oxidizing mediator (as defined herein). 
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Oxidizing mediators for lignin peroxidase include aromatic molecules, such as 

methoxylated aromatic compounds.   

Examples of suitable oxidizing mediators include, without limitation, phenolic 

compounds such as veratryl alcohol (3,4-dimethoxybenzyl alcohol), veratrole (1,2-

dimethoxybenzene) and 1,4-dimethoxybenzene.  Veratryl alcohol is an exemplary 5 

oxidizing mediator. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition is in a range of from 0.03 

µmole/gram to 300 µmole/gram.  In some embodiments, the concentration is in a range 

of from 0.3 to 30 µmole/gram.  In some embodiments, the concentration is in a range of 10 

from 1 to 10 µmole/gram.  In some embodiments, the concentration is in a range of from 

2 to 5 µmole/gram.  In some embodiments, the concentration is about 3 µmole/gram. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator is in a range of from 0.3 µmole/gram to 300 

µmole/gram.  In some embodiments, the concentration is in a range of from 1 to 300 15 

µmole/gram.  In some embodiments, the concentration is in a range of from 3 to 300 

µmole/gram.   

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator is in a range of from 0.03 µmole/gram to 30 

µmole/gram.  In some embodiments, the concentration is in a range of from 0.03 to 10 20 

µmole/gram.  In some embodiments, the concentration is in a range of from 0.03 to 3 

µmole/gram.   

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition is in a range of from 0.03 

µmole/gram to 300 µmole/gram, and a concentration of lignin peroxidase in the 25 

composition is in a range of from 1.25 to 125 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.03 to 30 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.3 to 300 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.3 to 30 µmole/gram.  In some embodiments, the oxidizing mediator 30 

concentration is in a range of from 1 to 10 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 2 to 5 µmole/gram.  In some 
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embodiments, the oxidizing mediator concentration is about 3 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.   

In some embodiments of any of the embodiments described herein, a 5 

concentration of the oxidizing mediator in the composition is in a range of from 0.03 

µmole/gram to 300 µmole/gram, and a concentration of lignin peroxidase in the 

composition is in a range of from 4 to 125 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.03 to 30 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.3 to 300 10 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.3 to 30 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 1 to 10 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 2 to 5 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 3 µmole/gram.  In some 15 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.   

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition is in a range of from 0.03 20 

µmole/gram to 300 µmole/gram, and a concentration of lignin peroxidase in the 

composition is in a range of from 1.25 to 40 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.03 to 30 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.3 to 300 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 25 

of from 0.3 to 30 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 1 to 10 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 2 to 5 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 3 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 30 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.   
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In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition is in a range of from 0.03 

µmole/gram to 300 µmole/gram, and a concentration of lignin peroxidase in the 

composition is in a range of from 4 to 40 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.03 to 30 µmole/gram.  In some 5 

embodiments, the oxidizing mediator concentration is in a range of from 0.3 to 300 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.3 to 30 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 1 to 10 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 2 to 5 µmole/gram.  In some 10 

embodiments, the oxidizing mediator concentration is about 3 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.   

In some embodiments of any of the embodiments described herein, a 15 

concentration of the oxidizing mediator in the composition is in a range of from 0.03 

µmole/gram to 300 µmole/gram, and a concentration of lignin peroxidase in the 

composition is in a range of from 6 to 125 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.03 to 30 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.3 to 300 20 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.3 to 30 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 1 to 10 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 2 to 5 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 3 µmole/gram.  In some 25 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.   

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition is in a range of from 0.03 30 

µmole/gram to 300 µmole/gram, and a concentration of lignin peroxidase in the 

composition is in a range of from 1.25 to 20 units/gram.  In some embodiments, the 
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oxidizing mediator concentration is in a range of from 0.03 to 30 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.3 to 300 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.3 to 30 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 1 to 10 µmole/gram.  In some embodiments, the 5 

oxidizing mediator concentration is in a range of from 2 to 5 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 3 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.   10 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition is in a range of from 0.03 

µmole/gram to 300 µmole/gram, and a concentration of lignin peroxidase in the 

composition is in a range of from 6 to 20 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.03 to 30 µmole/gram.  In some 15 

embodiments, the oxidizing mediator concentration is in a range of from 0.3 to 300 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.3 to 30 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 1 to 10 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 2 to 5 µmole/gram.  In some 20 

embodiments, the oxidizing mediator concentration is about 3 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.   

In some embodiments of any of the embodiments described herein, a 25 

concentration of the oxidizing mediator in the composition is in a range of from 0.03 

µmole/gram to 300 µmole/gram, and a concentration of lignin peroxidase in the 

composition is in a range of from 12.5 to 125 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.03 to 30 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.3 to 300 30 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.3 to 30 µmole/gram.  In some embodiments, the oxidizing mediator 
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concentration is in a range of from 1 to 10 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 2 to 5 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 3 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 5 

mediator is veratryl alcohol.   

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition is in a range of from 0.03 

µmole/gram to 300 µmole/gram, and a concentration of lignin peroxidase in the 

composition is in a range of from 1.25 to 12.5 units/gram.  In some embodiments, the 10 

oxidizing mediator concentration is in a range of from 0.03 to 30 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.3 to 300 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.3 to 30 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 1 to 10 µmole/gram.  In some embodiments, the 15 

oxidizing mediator concentration is in a range of from 2 to 5 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 3 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.  20 

 Several approaches can be used to produce the lignin peroxidase enzyme 

utilized according to some embodiments of the present invention.  

 For example, lignin peroxidase isoenzyme H1 can be prepared from the fungus 

Phanerochaete chrysosporium.  High levels of enzymatic activity of lignin peroxidase 

can be produced from the above fungus when grown in a stirred tank reactor (STR) 25 

fermentor while being immobilized on polyurethane foam or in suspension [Dosoretz et 

al., Appl Environ Microbiol 1993, 59: 1919-26].   

 According to some embodiments of the invention the fermentor is connected to 

a cooling system to maintain a culturing temperature of 37 °C and is stirred at speed of 

50-300 rpm (rounds per minute), more preferably, 100-200 rpm, most preferably at 160 30 

rpm.  In order to increase the yield of lignin peroxidase activity the fermentor is aerated 

at an aeration rate of 0.1-1 liter of air per liter of culture medium per minutes.  
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According to presently preferred configurations the fermentor is aerated at an aeration 

rate of 0.2 liter of air per liter of culture medium per minute.   

 The Phanerochaete chrysosporium is cultured under culturing conditions devoid 

of manganese ions and containing glycerol as a source of carbon.  According to some 

embodiments of the invention, the glycerol is provided at a concentration range of 3-20 5 

grams per liter.   According to some embodiments of the invention the glycerol is 

provided at a concentration of 6 grams per liter.  

 During the purification process of lignin peroxidase isoenzyme H1 from the 

above fungus the enzymatic activity of the purified protein is been further tested by a 

change in absorbance at 310 nm that occurs due to the oxidation of veratryl alcohol to 10 

veratryl aldehyde.  

 As lignin peroxidase isoenzyme H1 can result from a post-translational de-

phosphorylation of isoenzme H2 [Kuan and Tien, J Biol Chem 1989, 264:20350-

20355], the lignin peroxidase used according to some embodiments of the invention can 

be prepared by dephosphorylating the lignin peroxidase isoenzyme H2.  15 

 According to some embodiments of any of the embodiments of the invention, 

the lignin peroxidase can be recombinantly expressed using a nucleic acid construct 

designed to express the coding sequence of lignin peroxidase in a host cell.  Non-

limiting examples of such nucleic acid sequences are provided in SEQ ID NOs: 3, 5, 7, 

9, 11, 13, 15, 17, 19, 21, 23, 25 and 27. 20 

General procedures for expressing a protein such as lignin peroxidase are 

described in detail herein. 

According to some embodiments of any of the embodiments of the invention, 

the lignin peroxidase is expressed in bacterial cells modified to express the lignin 

peroxidase as disclosed in US Patent No. 5,200,338.  For example, a bacterial cell, such 25 

as, E. coli, can be transformed with an expression vector including the lignin peroxidase 

coding sequence positioned under the regulatory control of a strong constitutive 

promoter (e.g., SP6) (e.g., coding for a polypeptide having SEQ ID NO: 1).  Following 

expression, the bacterial cells can be lysed and the lignin peroxidase can be collected 

using chromatographic techniques (see, Billman-Jacobe [Curr Opin Biotechnol 1996, 7: 30 

500-4]; Harris and Emtage [Microbiol. Sci. 1986, 3: 28-31], for further details). 
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 The lignin peroxidase according to some embodiments of any of the 

embodiments of the invention can be extracted from mammalian cell lines such as HeLa 

cells.  In this case the lignin peroxidase coding sequence is positioned under a strong 

mammalian promoter (e.g., CMV) in a suitable expression vector (e.g., pCDNA3.1, 

Invitrogen Life Technologies, Frederick, MD, USA).  Following transfection of HeLa 5 

cells with the expression vector, the lignin peroxidase expression product can be 

extracted from the cells or medium (e.g., by modifying the lignin peroxidase sequence 

to include a secretion signal) by conventional purification and chromatography 

techniques (see Cunha and Aires-Barros [Mol. Biotechnol. 2002, 20: 29-40] for further 

details). 10 

 Protein expression: 

 A nucleic acid construct (also referred to herein as an "expression vector") used 

in some embodiments of the invention (e.g., for expressing a lignin peroxidase or 

hydrogen peroxide-producing enzyme described herein) includes additional sequences 

which render this vector suitable for replication and integration in prokaryotes, 15 

eukaryotes, or preferably both (e.g., shuttle vectors).  In addition, typical cloning 

vectors may also contain a transcription and translation initiation sequence, 

transcription and translation terminator and a polyadenylation signal. By way of 

example, such constructs will typically include a 5' LTR, a tRNA binding site, a 

packaging signal, an origin of second-strand DNA synthesis, and a 3' LTR or a portion 20 

thereof. 

 The nucleic acid construct of some embodiments of the invention typically 

includes a signal sequence for secretion of the peptide from a host cell in which it is 

placed.  Preferably the signal sequence for this purpose is a mammalian signal sequence 

or the signal sequence of the polypeptide variants of some embodiments of the 25 

invention. 

 Eukaryotic promoters typically contain two types of recognition sequences, the 

TATA box and upstream promoter elements.  The TATA box, located 25-30 base pairs 

upstream of the transcription initiation site, is thought to be involved in directing RNA 

polymerase to begin RNA synthesis.  The other upstream promoter elements determine 30 

the rate at which transcription is initiated.  
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 Enhancer elements can stimulate transcription up to 1,000 fold from linked 

homologous or heterologous promoters.  Enhancers are active when placed downstream 

or upstream from the transcription initiation site.  Many enhancer elements derived 

from viruses have a broad host range and are active in a variety of tissues.  For example, 

the SV40 early gene enhancer is suitable for many cell types.  Other enhancer/promoter 5 

combinations that are suitable for some embodiments of the invention include those 

derived from polyoma virus, human or murine cytomegalovirus (CMV), the long term 

repeat from various retroviruses such as murine leukemia virus, murine or Rous 

sarcoma virus and HIV.  See, Enhancers and Eukaryotic Expression, Cold Spring 

Harbor Press, Cold Spring Harbor, N.Y. 1983, which is incorporated herein by 10 

reference.  

 In the construction of the expression vector, the promoter is preferably 

positioned approximately the same distance from the heterologous transcription start 

site as it is from the transcription start site in its natural setting.  As is known in the art, 

however, some variation in this distance can be accommodated without loss of promoter 15 

function.  

 Polyadenylation sequences can also be added to the expression vector in order to 

increase the efficiency of mRNA translation (e.g., lignin peroxidase mRNA translation).  

Two distinct sequence elements are required for accurate and efficient polyadenylation: 

GU or U rich sequences located downstream from the polyadenylation site and a highly 20 

conserved sequence of six nucleotides, AAUAAA, located 11-30 nucleotides upstream.  

Termination and polyadenylation signals that are suitable for some embodiments of the 

invention include those derived from SV40.  

 In addition to the elements already described, the expression vector of some 

embodiments of the invention may typically contain other specialized elements intended 25 

to increase the level of expression of cloned nucleic acids or to facilitate the 

identification of cells that carry the recombinant DNA.  For example, a number of 

animal viruses contain DNA sequences that promote the extra chromosomal replication 

of the viral genome in permissive cell types.  Plasmids bearing these viral replicons are 

replicated episomally as long as the appropriate factors are provided by genes either 30 

carried on the plasmid or with the genome of the host cell.  
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 The vector may or may not include a eukaryotic replicon.  If a eukaryotic 

replicon is present, then the vector is amplifiable in eukaryotic cells using the 

appropriate selectable marker.  If the vector does not comprise a eukaryotic replicon, no 

episomal amplification is possible.  Instead, the recombinant DNA integrates into the 

genome of the engineered cell, where the promoter directs expression of the desired 5 

nucleic acid.  

 The expression vector of some embodiments of the invention can further include 

additional polynucleotide sequences that allow, for example, the translation of several 

proteins from a single mRNA such as an internal ribosome entry site (IRES) and 

sequences for genomic integration of the promoter-chimeric polypeptide.   10 

 As mentioned hereinabove, a variety of prokaryotic or eukaryotic cells can be 

used as host-expression systems to express the polypeptides of some embodiments of 

the invention.  These include, but are not limited to, microorganisms, such as bacteria 

transformed with a recombinant bacteriophage DNA, plasmid DNA or cosmid DNA 

expression vector containing the coding sequence; yeast transformed with recombinant 15 

yeast expression vectors containing the coding sequence; plant cell systems infected 

with recombinant virus expression vectors (e.g., cauliflower mosaic virus, CaMV; 

tobacco mosaic virus, TMV) or transformed with recombinant plasmid expression 

vectors, such as Ti plasmid, containing the coding sequence.  Mammalian expression 

systems can also be used to express the polypeptides of some embodiments of the 20 

invention.   

 Examples for mammalian expression vectors include, but are not limited to, 

pcDNA3, pcDNA3.1(+/-), pGL3, pZeoSV2(+/-), pSecTag2, pDisplay, pEF/myc/cyto, 

pCMV/myc/cyto, pCR3.1, pSinRep5, DH26S, DHBB, pNMT1, pNMT41, pNMT81, 

which are available from Invitrogen, pCI which is available from Promega, pMbac, 25 

pPbac, pBK-RSV and pBK-CMV which are available from Strategene, pTRES which is 

available from Clontech, and their derivatives. 

 Expression vectors containing regulatory elements from eukaryotic viruses such 

as retroviruses can be also used.  SV40 vectors include pSVT7 and pMT2.  Vectors 

derived from bovine papilloma virus include pBV-1MTHA, and vectors derived from 30 

Epstein Bar virus include pHEBO, and p2O5.  Other exemplary vectors include pMSG, 

pAV009/A
+
, pMTO10/A

+
, pMAMneo-5, baculovirus pDSVE, and any other vector 
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allowing expression of proteins under the direction of the SV-40 early promoter, SV-40 

later promoter, metallothionein promoter, murine mammary tumor virus promoter, Rous 

sarcoma virus promoter, polyhedrin promoter, or other promoters shown effective for 

expression in eukaryotic cells. 

 Various methods can be used to introduce the expression vector of some 5 

embodiments of the invention into stem cells.  Such methods are generally described in 

Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Springs Harbor 

Laboratory, New York (1989, 1992), in Ausubel et al., Current Protocols in Molecular 

Biology, John Wiley and Sons, Baltimore, Md. (1989), Chang et al., Somatic Gene 

Therapy, CRC Press, Ann Arbor, Mich. (1995), Vega et al., Gene Targeting, CRC 10 

Press, Ann Arbor Mich. (1995), Vectors: A Survey of Molecular Cloning Vectors and 

Their Uses, Butterworths, Boston Mass. (1988) and Gilboa et at. [Biotechniques 4 (6): 

504-512, 1986] and include, for example, stable or transient transfection, 

electroporation and infection with recombinant viral vectors.  In addition, see U.S. Pat. 

Nos. 5,464,764 and 5,487,992 for positive-negative selection methods.  15 

 Introduction of nucleic acids by viral infection offers several advantages over 

other methods such as electroporation, since higher transfection efficiency can be 

obtained due to the infectious nature of viruses.  

 Other than containing the necessary elements for the transcription and 

translation of the inserted coding sequence, the expression construct of some 20 

embodiments of the invention can also include sequences engineered to enhance 

stability, production, purification, yield or toxicity of the expressed peptide.  For 

example, the expression of a fusion protein or a cleavable fusion protein comprising the 

lignin peroxidase H1 or H2 protein of some embodiments of the invention and a 

heterologous protein can be engineered.  Such a fusion protein can be designed so that 25 

the fusion protein can be readily isolated by affinity chromatography; e.g., by 

immobilization on a column specific for the heterologous protein.  Where a cleavage 

site is engineered between the lignin peroxidase H1 or H2 protein and the heterologous 

protein, the lignin peroxidase protein can be released from the chromatographic column 

by treatment with an appropriate enzyme or agent that disrupts the cleavage site [e.g., 30 

see Booth et al. (1988) Immunol. Lett. 19:65-70; and Gardella et al., (1990) J. Biol. 

Chem. 265:15854-15859]. 
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 As mentioned hereinabove, a variety of prokaryotic or eukaryotic cells can be 

used as host-expression systems to express the polypeptides of some embodiments of 

the invention.  These include, but are not limited to, microorganisms, such as bacteria 

transformed with a recombinant bacteriophage DNA, plasmid DNA or cosmid DNA 

expression vector containing the coding sequence; yeast transformed with recombinant 5 

yeast expression vectors containing the coding sequence; plant cell systems infected 

with recombinant virus expression vectors (e.g., cauliflower mosaic virus, CaMV; 

tobacco mosaic virus, TMV) or transformed with recombinant plasmid expression 

vectors, such as Ti plasmid, containing the coding sequence.  Mammalian expression 

systems can also be used to express the polypeptides of some embodiments of the 10 

invention.   

 Examples of bacterial constructs include the pET series of E. coli expression 

vectors [Studier et al. (1990) Methods in Enzymol. 185:60-89). 

 In yeast, a number of vectors containing constitutive or inducible promoters can 

be used, as disclosed in U.S. Pat. Application No: 5,932,447.  Alternatively, vectors can 15 

be used which promote integration of foreign DNA sequences into the yeast 

chromosome.  

 In cases where plant expression vectors are used, the expression of the coding 

sequence can be driven by a number of promoters.  For example, viral promoters such 

as the 35S RNA and 19S RNA promoters of CaMV [Brisson et al. (1984) Nature 20 

310:511-514], or the coat protein promoter to TMV [Takamatsu et al. (1987) EMBO J. 

6:307-311] can be used.  Alternatively, plant promoters such as the small subunit of 

RUBISCO [Coruzzi et al. (1984) EMBO J. 3:1671-1680 and Brogli et al., (1984) 

Science 224:838-843] or heat shock promoters, e.g., soybean hsp17.5-E or hsp17.3-B 

[Gurley et al. (1986) Mol. Cell. Biol. 6:559-565] can be used.  These constructs can be 25 

introduced into plant cells using Ti plasmid, Ri plasmid, plant viral vectors, direct DNA 

transformation, microinjection, electroporation and other techniques well known to the 

skilled artisan.  See, for example, Weissbach & Weissbach, 1988, Methods for Plant 

Molecular Biology, Academic Press, NY, Section VIII, pp 421-463. 

 Other expression systems such as insects and mammalian host cell systems 30 

which are well known in the art and are further described hereinbelow can also be used 

by some embodiments of the invention. 
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 Recovery of the recombinant polypeptide is effected following an appropriate 

time in culture.  The phrase "recovering the recombinant polypeptide” refers to 

collecting the whole fermentation medium containing the polypeptide and need not 

imply additional steps of separation or purification.  Notwithstanding the above, 

polypeptides of some embodiments of the invention can be purified using a variety of 5 

standard protein purification techniques, such as, but not limited to, affinity 

chromatography, ion exchange chromatography, filtration, electrophoresis, hydrophobic 

interaction chromatography, gel filtration chromatography, reverse phase 

chromatography, concanavalin A chromatography, chromatofocusing and differential 

solubilization. 10 

A lignin peroxidase-containing kit: 

According to another aspect of some embodiments of the invention, there is 

provided a kit for lightening a topical body site such as skin and/or hair of a subject 

(e.g., in accordance with a method described herein).  The kit comprises a lignin 

peroxidase (e.g., as described herein), a hydrogen peroxide-producing enzyme (e.g., as 15 

described herein) and a substrate of the hydrogen peroxide-producing enzyme (e.g., as 

described herein).  At least one of the lignin peroxidase, hydrogen peroxide-producing 

enzyme and substrate thereof forms a part of a composition which is packaged 

individually within the kit. 

It is to be understood that a lignin peroxidase-containing kit described herein 20 

(e.g., in this section) may contain a lignin peroxidase according to any one of the 

embodiments described herein relating to lignin peroxidase, and may contain a hydrogen 

peroxide-producing system (e.g., enzyme and/or substrate) according to any one of the 

embodiments described herein relating to such a system and/or to a kit containing such a 

system. 25 

In some embodiments of any of the embodiments described herein, the hydrogen 

peroxide-producing enzyme forms a part of a first composition and the substrate forms 

a part of a second composition, wherein the first composition and second composition 

are packaged individually within the kit.  That is, the enzyme and substrate thereof are 

in separate compositions within the kit, and there is no contact between the enzyme and 30 

substrate while they are in the kit.   



 60

In some embodiments of any of the embodiments described herein, the second 

composition further comprises the lignin peroxidase (e.g., the lignin peroxidase is 

packaged within the same composition as the substrate of the hydrogen peroxide-

producing enzyme).  In such embodiments, the first composition is also referred to as an 

“activator”, as it results in activation of lignin peroxidase when contacted with the 5 

lignin peroxidase-containing second composition. 

In exemplary embodiments, the first composition further comprises the lignin 

peroxidase (e.g., the lignin peroxidase is packaged within the same composition as the 

hydrogen peroxide-producing enzyme).  In such embodiments, the first composition is 

also referred to as the “enzyme” formulation (e.g., “enzyme cream”), as it comprises the 10 

two active enzymes.  The second composition is also referred to as an “activator”, as it 

results in activation of lignin peroxidase when contacted with the lignin peroxidase-

containing first composition. 

In some embodiments of any of the embodiments described herein, the lignin 

peroxidase forms a part of a third composition within the kit, wherein the third 15 

composition is packaged individually within the kit. 

In any of the embodiments described herein, each of the first composition 

described herein, the second composition described herein, and any other part of the 

hydrogen peroxide-producing composition described herein may be referred to herein 

also as a formulation, which is packaged within the kit, whereby mixing these 20 

formulations results in formation of any of the hydrogen peroxide-producing 

composition, as described herein.  

The first composition and second composition and optional third composition of 

the kit may be combined so as to prepare a cosmetic composition comprising a lignin 

peroxidase, a hydrogen peroxide-producing enzyme and a substrate thereof (e.g., as 25 

described herein). 

In some embodiments of any of the embodiments described herein, the hydrogen 

peroxide-producing enzyme and the substrate thereof are packaged together (e.g., as 

part of a single composition) in an air-tight package within the kit (e.g., an air-tight 

container described herein).  The lignin peroxidase may be packaged together with the 30 

hydrogen peroxide-producing enzyme and substrate thereof or packaged separately. 
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In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in a composition in the kit which comprises the 

lignin peroxidase is in a range of from 2.5 to 250 units/gram.  In some embodiments, 

the concentration is in a range of from 8 to 80 units/gram.  In some embodiments, the 

concentration is in a range of from 12 to 40 units/gram.  In some embodiments, the 5 

concentration is about 25 units/gram.  

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in a composition in the kit which comprises the 

lignin peroxidase is in a range of from 8 to 250 units/gram.  In some embodiments, the 

concentration is in a range of from 12 to 250 units/gram.  In some embodiments, the 10 

concentration is in a range of from 25 to 250 units/gram.   

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in a composition in the kit which comprises the 

lignin peroxidase is in a range of from 2.5 to 80 units/gram.  In some embodiments, the 

concentration is in a range of from 2.5 to 40 units/gram.  In some embodiments, the 15 

concentration is in a range of from 2.5 to 25 units/gram.    

According to some embodiments of any of the embodiments described herein, 

the kit further comprises an oxidizing mediator (e.g., as described herein).   

In some embodiments of any of the embodiments described herein, the oxidizing 

mediator is part of a composition in the kit which comprises the lignin peroxidase.  In 20 

some embodiments, the lignin peroxidase and oxidizing mediator are both part of the 

first composition.  In some embodiments, the lignin peroxidase and oxidizing mediator 

are both part of the second composition.  In some embodiments, the lignin peroxidase 

and oxidizing mediator are both part of the third composition. 

In some embodiments of any of the embodiments described herein, the oxidizing 25 

mediator is packaged separately from the composition in the kit which comprises lignin 

peroxidase.  In some embodiments, the lignin peroxidase is a part of the first 

composition or third composition described herein, and the oxidizing mediator is a part 

of the second composition.  In some embodiments, the lignin peroxidase a part of the 

second composition or third composition described herein and the oxidizing mediator is 30 

a part of the first composition.   



 62

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 

the oxidizing mediator is in a range of from 0.06 µmole/gram to 600 µmole/gram.  In 

some embodiments, the concentration is in a range of from 0.6 to 60 µmole/gram.  In 

some embodiments, the concentration is in a range of from 2 to 20 µmole/gram.  In 5 

some embodiments, the concentration is in a range of from 4 to 10 µmole/gram.  In 

some embodiments, the concentration is about 6 µmole/gram. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 

the oxidizing mediator is in a range of from 0.6 µmole/gram to 600 µmole/gram.  In 10 

some embodiments, the concentration is in a range of from 2 to 600 µmole/gram.  In 

some embodiments, the concentration is in a range of from 6 to 600 µmole/gram.   

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 

the oxidizing mediator is in a range of from 0.06 µmole/gram to 60 µmole/gram.  In 15 

some embodiments, the concentration is in a range of from 0.06 to 60 µmole/gram.  In 

some embodiments, the concentration is in a range of from 0.06 to 6 µmole/gram. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 

the oxidizing mediator is in a range of from 0.06 µmole/gram to 600 µmole/gram, and a 20 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 2.5 to 250 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.06 to 60 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.6 to 600 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 25 

of from 0.6 to 60 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 2 to 20 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 4 to 10 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 6 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 30 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 
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mediator is veratryl alcohol.  In some embodiments, the oxidizing mediator and the 

lignin peroxidase are comprised by the same composition. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 

the oxidizing mediator is in a range of from 0.06 µmole/gram to 600 µmole/gram, and a 5 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 8 to 250 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.06 to 60 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.6 to 600 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 10 

of from 0.6 to 60 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 2 to 20 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 4 to 10 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 6 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 15 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.  In some embodiments, the oxidizing mediator and the 

lignin peroxidase are comprised by the same composition. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 20 

the oxidizing mediator is in a range of from 0.06 µmole/gram to 600 µmole/gram, and a 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 2.5 to 80 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.06 to 60 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.6 to 600 25 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.6 to 60 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 2 to 20 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 4 to 10 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 6 µmole/gram.  In some 30 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 
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mediator is veratryl alcohol.  In some embodiments, the oxidizing mediator and the 

lignin peroxidase are comprised by the same composition. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 

the oxidizing mediator is in a range of from 0.06 µmole/gram to 600 µmole/gram, and a 5 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 8 to 80 units/gram.  In some embodiments, the oxidizing 

mediator concentration is in a range of from 0.06 to 60 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.6 to 600 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 10 

of from 0.6 to 60 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 2 to 20 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 4 to 10 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 6 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 15 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.  In some embodiments, the oxidizing mediator and the 

lignin peroxidase are comprised by the same composition. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 20 

the oxidizing mediator is in a range of from 0.06 µmole/gram to 600 µmole/gram, and a 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 12 to 250 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.06 to 60 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.6 to 600 25 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.6 to 60 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 2 to 20 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 4 to 10 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 6 µmole/gram.  In some 30 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 
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mediator is veratryl alcohol.  In some embodiments, the oxidizing mediator and the 

lignin peroxidase are comprised by the same composition. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 

the oxidizing mediator is in a range of from 0.06 µmole/gram to 600 µmole/gram, and a 5 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 2.5 to 40 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.06 to 60 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.6 to 600 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 10 

of from 0.6 to 60 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 2 to 20 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 4 to 10 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 6 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 15 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.  In some embodiments, the oxidizing mediator and the 

lignin peroxidase are comprised by the same composition. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 20 

the oxidizing mediator is in a range of from 0.06 µmole/gram to 600 µmole/gram, and a 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 12 to 40 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.06 to 60 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.6 to 600 25 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.6 to 60 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 2 to 20 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 4 to 10 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 6 µmole/gram.  In some 30 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 
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mediator is veratryl alcohol.  In some embodiments, the oxidizing mediator and the 

lignin peroxidase are comprised by the same composition. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 

the oxidizing mediator is in a range of from 0.06 µmole/gram to 600 µmole/gram, and a 5 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 25 to 250 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.06 to 60 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.6 to 600 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 10 

of from 0.6 to 60 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 2 to 20 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 4 to 10 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 6 µmole/gram.  In some 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 15 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 

mediator is veratryl alcohol.  In some embodiments, the oxidizing mediator and the 

lignin peroxidase are comprised by the same composition. 

In some embodiments of any of the embodiments described herein, a 

concentration of the oxidizing mediator in the composition in the kit which comprises 20 

the oxidizing mediator is in a range of from 0.06 µmole/gram to 600 µmole/gram, and a 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 2.5 to 25 units/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 0.06 to 60 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is in a range of from 0.6 to 600 25 

µmole/gram.  In some embodiments, the oxidizing mediator concentration is in a range 

of from 0.6 to 60 µmole/gram.  In some embodiments, the oxidizing mediator 

concentration is in a range of from 2 to 20 µmole/gram.  In some embodiments, the 

oxidizing mediator concentration is in a range of from 4 to 10 µmole/gram.  In some 

embodiments, the oxidizing mediator concentration is about 6 µmole/gram.  In some 30 

embodiments, the oxidizing mediator is selected from the group consisting of veratryl 

alcohol, veratrole and 1,4-dimethoxybenzene.  In some embodiments, the oxidizing 
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mediator is veratryl alcohol.  In some embodiments, the oxidizing mediator and the 

lignin peroxidase are comprised by the same composition.   

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme (e.g., glucose oxidase) in a 

composition in any of the kits described herein (e.g., a first composition described 5 

herein) is in a range of from 0.25 to 2500 units/gram.  In some embodiments, the 

concentration is in a range of from 2.5 to 250 units/gram.  In some embodiments, the 

concentration is in a range of from 8 to 80 units/gram.  In some embodiments, the 

concentration is in a range of from 12 to 40 units/gram.  In some embodiments, the 

concentration is about 25 units/gram. 10 

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme (e.g., glucose oxidase) in a 

composition in the kit (e.g., a first composition described herein) is in a range of from 

2.5 to 2500 units/gram.  In some embodiments, the concentration is in a range of from 8 

to 2500 units/gram.  In some embodiments, the concentration is in a range of from 25 to 15 

2500 units/gram.   

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme (e.g., glucose oxidase) in a 

composition in the kit (e.g., a first composition described herein) is in a range of from 

0.25 to 250 units/gram.  In some embodiments, the concentration is in a range of from 20 

0.25 to 80 units/gram.  In some embodiments, the concentration is in a range of from 

0.25 to 25 units/gram.       

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 2.5 to 250 units/gram, and a concentration of the 25 

hydrogen peroxide-producing enzyme in a composition in the kit (e.g., a first 

composition described herein) is in a range of from 0.25 to 2500 units/gram.  In some 

embodiments, the lignin peroxidase concentration is in a range of from 2.5 to 80 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 8 to 250 units/gram.  In some embodiments, the lignin peroxidase concentration is 30 

in a range of from 8 to 80 units/gram.  In some embodiments, the lignin peroxidase 

concentration is in a range of from 12 to 40 units/gram.  In some embodiments, the 
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lignin peroxidase concentration is about 25 units/gram.  In some embodiments, the 

hydrogen peroxide-producing enzyme and the lignin peroxidase are comprised by the 

same composition.  In some embodiments, the hydrogen peroxide-producing enzyme is 

glucose oxidase. 

In some embodiments of any of the embodiments described herein, a 5 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 2.5 to 250 units/gram, and a concentration of the 

hydrogen peroxide-producing enzyme in a composition in the kit (e.g., a first 

composition described herein) is in a range of from 2.5 to 2500 units/gram.  In some 

embodiments, the lignin peroxidase concentration is in a range of from 2.5 to 80 10 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 8 to 250 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 8 to 80 units/gram.  In some embodiments, the lignin peroxidase 

concentration is in a range of from 12 to 40 units/gram.  In some embodiments, the 

lignin peroxidase concentration is about 25 units/gram.  In some embodiments, the 15 

hydrogen peroxide-producing enzyme and the lignin peroxidase are comprised by the 

same composition.  In some embodiments, the hydrogen peroxide-producing enzyme is 

glucose oxidase. 

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 20 

peroxidase is in a range of from 2.5 to 250 units/gram, and a concentration of the 

hydrogen peroxide-producing enzyme in a composition in the kit (e.g., a first 

composition described herein) is in a range of from 0.25 to 250 units/gram.  In some 

embodiments, the lignin peroxidase concentration is in a range of from 2.5 to 80 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 25 

from 8 to 250 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 8 to 80 units/gram.  In some embodiments, the lignin peroxidase 

concentration is in a range of from 12 to 40 units/gram.  In some embodiments, the 

lignin peroxidase concentration is about 25 units/gram.  In some embodiments, the 

hydrogen peroxide-producing enzyme and the lignin peroxidase are comprised by the 30 

same composition.  In some embodiments, the hydrogen peroxide-producing enzyme is 

glucose oxidase. 
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In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 2.5 to 250 units/gram, and a concentration of the 

hydrogen peroxide-producing enzyme in a composition in the kit (e.g., a first 

composition described herein) is in a range of from 2.5 to 250 units/gram.  In some 5 

embodiments, the lignin peroxidase concentration is in a range of from 2.5 to 80 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 8 to 250 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 8 to 80 units/gram.  In some embodiments, the lignin peroxidase 

concentration is in a range of from 12 to 40 units/gram.  In some embodiments, the 10 

lignin peroxidase concentration is about 25 units/gram.  In some embodiments, the 

hydrogen peroxide-producing enzyme and the lignin peroxidase are comprised by the 

same composition.  In some embodiments, the hydrogen peroxide-producing enzyme is 

glucose oxidase. 

In some embodiments of any of the embodiments described herein, a 15 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 2.5 to 250 units/gram, and a concentration of the 

hydrogen peroxide-producing enzyme in a composition in the kit (e.g., a first 

composition described herein) is in a range of from 8 to 2500 units/gram.  In some 

embodiments, the lignin peroxidase concentration is in a range of from 2.5 to 80 20 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 8 to 250 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 8 to 80 units/gram.  In some embodiments, the lignin peroxidase 

concentration is in a range of from 12 to 40 units/gram.  In some embodiments, the 

lignin peroxidase concentration is about 25 units/gram.  In some embodiments, the 25 

hydrogen peroxide-producing enzyme and the lignin peroxidase are comprised by the 

same composition.  In some embodiments, the hydrogen peroxide-producing enzyme is 

glucose oxidase. 

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 30 

peroxidase is in a range of from 2.5 to 250 units/gram, and a concentration of the 

hydrogen peroxide-producing enzyme in a composition in the kit (e.g., a first 
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composition described herein) is in a range of from 0.25 to 80 units/gram.  In some 

embodiments, the lignin peroxidase concentration is in a range of from 2.5 to 80 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 8 to 250 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 8 to 80 units/gram.  In some embodiments, the lignin peroxidase 5 

concentration is in a range of from 12 to 40 units/gram.  In some embodiments, the 

lignin peroxidase concentration is about 25 units/gram.  In some embodiments, the 

hydrogen peroxide-producing enzyme and the lignin peroxidase are comprised by the 

same composition.  In some embodiments, the hydrogen peroxide-producing enzyme is 

glucose oxidase. 10 

In some embodiments of any of the embodiments described herein, a 

concentration of lignin peroxidase in a composition in the kit which comprises the lignin 

peroxidase is in a range of from 2.5 to 250 units/gram, and a concentration of the 

hydrogen peroxide-producing enzyme in a composition in the kit (e.g., a first 

composition described herein) is in a range of from 8 to 80 units/gram.  In some 15 

embodiments, the lignin peroxidase concentration is in a range of from 2.5 to 80 

units/gram.  In some embodiments, the lignin peroxidase concentration is in a range of 

from 8 to 250 units/gram.  In some embodiments, the lignin peroxidase concentration is 

in a range of from 8 to 80 units/gram.  In some embodiments, the lignin peroxidase 

concentration is in a range of from 12 to 40 units/gram.  In some embodiments, the 20 

lignin peroxidase concentration is about 25 units/gram.  In some embodiments, the 

hydrogen peroxide-producing enzyme and the lignin peroxidase are comprised by the 

same composition.  In some embodiments, the hydrogen peroxide-producing enzyme is 

glucose oxidase. 

In some embodiments of any of the embodiments described herein, a 25 

concentration of the substrate of the hydrogen peroxide-producing enzyme (e.g., 

glucose) in a composition in any of the kits described herein (e.g., a second composition 

described herein) is in a range of from 0.035 µmole/gram to 350 µmole/gram.  In some 

embodiment, the concentration is in a range of from 0.35 to 35 µmole/gram.  In some 

embodiment, the concentration is in a range of from 1 to 12 µmole/gram.  In some 30 

embodiment, the concentration is in a range of from 2 to 7 µmole/gram.  In some 

embodiment, the concentration is about 3.5 µmole/gram.   
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 In some embodiments of any of the embodiments described herein, a 

concentration of the substrate of the hydrogen peroxide-producing enzyme (e.g., 

glucose) in a composition in the kit (e.g., a second composition described herein) is in a 

range of from 0.35 µmole/gram to 350 µmole/gram.  In some embodiment, the 

concentration is in a range of from 1 to 350 µmole/gram.  In some embodiment, the 5 

concentration is in a range of from 3.5 to 350 µmole/gram.   

In some embodiments of any of the embodiments described herein, a 

concentration of the substrate of the hydrogen peroxide-producing enzyme (e.g., 

glucose) in a composition in the kit (e.g., a second composition described herein) is in a 

range of from 0.035 µmole/gram to 35 µmole/gram.  In some embodiment, the 10 

concentration is in a range of from 0.035 to 12 µmole/gram.  In some embodiment, the 

concentration is in a range of from 0.035 to 3.5 µmole/gram. 

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme in a composition in any of 

the kits described herein (e.g., a first composition described herein) is in a range of from 15 

0.25 to 2500 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme in a composition in the kit (e.g., a second composition described 

herein) is in a range of from 0.035 µmole/gram to 350 µmole/gram.  In some 

embodiments, the enzyme concentration is in a range of from 0.25 to 250 units/gram.  In 

some embodiments, the enzyme concentration is in a range of from 2.5 to 2500 20 

units/gram.  In some embodiments, the enzyme concentration is in a range of from 2.5 to 

250 units/gram.  In some embodiments, the enzyme concentration is in a range of from 8 

to 80 units/gram.  In some embodiments, the enzyme concentration is in a range of from 

12 to 40 units/gram.  In some embodiments, the enzyme concentration is about 25 

units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate is 25 

glucose.  In some embodiments, the hydrogen peroxide-producing enzyme (e.g., glucose 

oxidase) and the substrate (e.g., glucose) are comprised by separate compositions in the 

kit.   

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme in a composition in any of 30 

the kits described herein (e.g., a first composition described herein) is in a range of from 

0.25 to 2500 units/gram, and a concentration of the substrate of the hydrogen peroxide-
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producing enzyme in a composition in the kit (e.g., a second composition described 

herein) is in a range of from 0.35 µmole/gram to 350 µmole/gram.  In some 

embodiments, the enzyme concentration is in a range of from 0.25 to 250 units/gram.  In 

some embodiments, the enzyme concentration is in a range of from 2.5 to 2500 

units/gram.  In some embodiments, the enzyme concentration is in a range of from 2.5 to 5 

250 units/gram.  In some embodiments, the enzyme concentration is in a range of from 8 

to 80 units/gram.  In some embodiments, the enzyme concentration is in a range of from 

12 to 40 units/gram.  In some embodiments, the enzyme concentration is about 25 

units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate is 

glucose.  In some embodiments, the hydrogen peroxide-producing enzyme (e.g., glucose 10 

oxidase) and the substrate (e.g., glucose) are comprised by separate compositions in the 

kit.   

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme in a composition in any of 

the kits described herein (e.g., a first composition described herein) is in a range of from 15 

0.25 to 2500 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme in a composition in the kit (e.g., a second composition described 

herein) is in a range of from 0.035 µmole/gram to 35 µmole/gram.  In some 

embodiments, the enzyme concentration is in a range of from 0.25 to 250 units/gram.  In 

some embodiments, the enzyme concentration is in a range of from 2.5 to 2500 20 

units/gram.  In some embodiments, the enzyme concentration is in a range of from 2.5 to 

250 units/gram.  In some embodiments, the enzyme concentration is in a range of from 8 

to 80 units/gram.  In some embodiments, the enzyme concentration is in a range of from 

12 to 40 units/gram.  In some embodiments, the enzyme concentration is about 25 

units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate is 25 

glucose.  In some embodiments, the hydrogen peroxide-producing enzyme (e.g., glucose 

oxidase) and the substrate (e.g., glucose) are comprised by separate compositions in the 

kit.   

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme in a composition in any of 30 

the kits described herein (e.g., a first composition described herein) is in a range of from 

0.25 to 2500 units/gram, and a concentration of the substrate of the hydrogen peroxide-
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producing enzyme in a composition in the kit (e.g., a second composition described 

herein) is in a range of from 0.35 µmole/gram to 35 µmole/gram.  In some embodiments, 

the enzyme concentration is in a range of from 0.25 to 250 units/gram.  In some 

embodiments, the enzyme concentration is in a range of from 2.5 to 2500 units/gram.  In 

some embodiments, the enzyme concentration is in a range of from 2.5 to 250 5 

units/gram.  In some embodiments, the enzyme concentration is in a range of from 8 to 

80 units/gram.  In some embodiments, the enzyme concentration is in a range of from 12 

to 40 units/gram.  In some embodiments, the enzyme concentration is about 25 

units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate is 

glucose.  In some embodiments, the hydrogen peroxide-producing enzyme (e.g., glucose 10 

oxidase) and the substrate (e.g., glucose) are comprised by separate compositions in the 

kit.   

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme in a composition in any of 

the kits described herein (e.g., a first composition described herein) is in a range of from 15 

0.25 to 2500 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme in a composition in the kit (e.g., a second composition described 

herein) is in a range of from 1 µmole/gram to 350 µmole/gram.  In some embodiments, 

the enzyme concentration is in a range of from 0.25 to 250 units/gram.  In some 

embodiments, the enzyme concentration is in a range of from 2.5 to 2500 units/gram.  In 20 

some embodiments, the enzyme concentration is in a range of from 2.5 to 250 

units/gram.  In some embodiments, the enzyme concentration is in a range of from 8 to 

80 units/gram.  In some embodiments, the enzyme concentration is in a range of from 12 

to 40 units/gram.  In some embodiments, the enzyme concentration is about 25 

units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate is 25 

glucose.  In some embodiments, the hydrogen peroxide-producing enzyme (e.g., glucose 

oxidase) and the substrate (e.g., glucose) are comprised by separate compositions in the 

kit.   

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme in a composition in any of 30 

the kits described herein (e.g., a first composition described herein) is in a range of from 

0.25 to 2500 units/gram, and a concentration of the substrate of the hydrogen peroxide-
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producing enzyme in a composition in the kit (e.g., a second composition described 

herein) is in a range of from 0.035 µmole/gram to 12 µmole/gram.  In some 

embodiments, the enzyme concentration is in a range of from 0.25 to 250 units/gram.  In 

some embodiments, the enzyme concentration is in a range of from 2.5 to 2500 

units/gram.  In some embodiments, the enzyme concentration is in a range of from 2.5 to 5 

250 units/gram.  In some embodiments, the enzyme concentration is in a range of from 8 

to 80 units/gram.  In some embodiments, the enzyme concentration is in a range of from 

12 to 40 units/gram.  In some embodiments, the enzyme concentration is about 25 

units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate is 

glucose.  In some embodiments, the hydrogen peroxide-producing enzyme (e.g., glucose 10 

oxidase) and the substrate (e.g., glucose) are comprised by separate compositions in the 

kit.   

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme in a composition in any of 

the kits described herein (e.g., a first composition described herein) is in a range of from 15 

0.25 to 2500 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme in a composition in the kit (e.g., a second composition described 

herein) is in a range of from 1 µmole/gram to 12 µmole/gram.  In some embodiments, 

the enzyme concentration is in a range of from 0.25 to 250 units/gram.  In some 

embodiments, the enzyme concentration is in a range of from 2.5 to 2500 units/gram.  In 20 

some embodiments, the enzyme concentration is in a range of from 2.5 to 250 

units/gram.  In some embodiments, the enzyme concentration is in a range of from 8 to 

80 units/gram.  In some embodiments, the enzyme concentration is in a range of from 12 

to 40 units/gram.  In some embodiments, the enzyme concentration is about 25 

units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate is 25 

glucose.  In some embodiments, the hydrogen peroxide-producing enzyme (e.g., glucose 

oxidase) and the substrate (e.g., glucose) are comprised by separate compositions in the 

kit.   

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme in a composition in any of 30 

the kits described herein (e.g., a first composition described herein) is in a range of from 

0.25 to 2500 units/gram, and a concentration of the substrate of the hydrogen peroxide-
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producing enzyme in a composition in the kit (e.g., a second composition described 

herein) is in a range of from 3.5 µmole/gram to 350 µmole/gram.  In some embodiments, 

the enzyme concentration is in a range of from 0.25 to 250 units/gram.  In some 

embodiments, the enzyme concentration is in a range of from 2.5 to 2500 units/gram.  In 

some embodiments, the enzyme concentration is in a range of from 2.5 to 250 5 

units/gram.  In some embodiments, the enzyme concentration is in a range of from 8 to 

80 units/gram.  In some embodiments, the enzyme concentration is in a range of from 12 

to 40 units/gram.  In some embodiments, the enzyme concentration is about 25 

units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate is 

glucose.  In some embodiments, the hydrogen peroxide-producing enzyme (e.g., glucose 10 

oxidase) and the substrate (e.g., glucose) are comprised by separate compositions in the 

kit.   

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme in a composition in any of 

the kits described herein (e.g., a first composition described herein) is in a range of from 15 

0.25 to 2500 units/gram, and a concentration of the substrate of the hydrogen peroxide-

producing enzyme in a composition in the kit (e.g., a second composition described 

herein) is in a range of from 0.035 µmole/gram to 3.5 µmole/gram.  In some 

embodiments, the enzyme concentration is in a range of from 0.25 to 250 units/gram.  In 

some embodiments, the enzyme concentration is in a range of from 2.5 to 2500 20 

units/gram.  In some embodiments, the enzyme concentration is in a range of from 2.5 to 

250 units/gram.  In some embodiments, the enzyme concentration is in a range of from 8 

to 80 units/gram.  In some embodiments, the enzyme concentration is in a range of from 

12 to 40 units/gram.  In some embodiments, the enzyme concentration is about 25 

units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate is 25 

glucose.  In some embodiments, the hydrogen peroxide-producing enzyme (e.g., glucose 

oxidase) and the substrate (e.g., glucose) are comprised by separate compositions in the 

kit.   

In some embodiments of any of the embodiments described herein, a 

concentration of the hydrogen peroxide-producing enzyme in a composition in any of 30 

the kits described herein (e.g., a first composition described herein) is in a range of from 

0.25 to 2500 units/gram, and a concentration of the substrate of the hydrogen peroxide-
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producing enzyme in a composition in the kit (e.g., a second composition described 

herein) is in a range of from 2 µmole/gram to 7 µmole/gram.  In some embodiments, the 

enzyme concentration is in a range of from 0.25 to 250 units/gram.  In some 

embodiments, the enzyme concentration is in a range of from 2.5 to 2500 units/gram.  In 

some embodiments, the enzyme concentration is in a range of from 2.5 to 250 5 

units/gram.  In some embodiments, the enzyme concentration is in a range of from 8 to 

80 units/gram.  In some embodiments, the enzyme concentration is in a range of from 12 

to 40 units/gram.  In some embodiments, the enzyme concentration is about 25 

units/gram.  In some embodiments, the enzyme is glucose oxidase and the substrate is 

glucose.  In some embodiments, the hydrogen peroxide-producing enzyme (e.g., glucose 10 

oxidase) and the substrate (e.g., glucose) are comprised by separate compositions in the 

kit.    

In some embodiments of any of the embodiments described herein, the first 

composition of the kit comprises glucose oxidase at a concentration in a range of from 

2.5 to 250 units/gram (e.g., a glucose oxidase concentration described herein), and the 15 

second composition of the kit comprises D-glucose at a concentration in a range of from 

0.35 µmole/gram to 35 µmole/gram (e.g., a glucose concentration described herein). 

In some embodiments of any of the embodiments described herein, the first 

composition of the kit comprises glucose oxidase at a concentration in a range of from 

2.5 to 250 units/gram (e.g., a glucose oxidase concentration described herein), and 20 

lignin peroxidase at a concentration of 2.5 to 250 units/gram (e.g., a lignin peroxidase 

concentration described herein); and the second composition of the kit comprises D-

glucose at a concentration in a range of from 0.35 µmole/gram to 35 µmole/gram (e.g., 

a glucose concentration described herein). 

The kits described herein may include additional compositions (e.g., cosmetic 25 

compositions), besides the compositions comprising one or more active ingredients as 

described herein (e.g., an agent which exhibits an activity in a presence of hydrogen 

peroxide, a lignin peroxidase, a hydrogen peroxide-producing enzyme, a substrate of 

hydrogen peroxide-producing enzyme and/or an oxidizing mediator). 

In some embodiments of any of the embodiments described herein, the kit further 30 

comprises a wash composition (e.g., as described herein), such as a facial wash, for 

cleaning a topical body site prior to contact with a composition described herein. 



 77

In some embodiments of any of the embodiments described herein, the kit 

includes appropriate instructions for use and labels indicating approval by a regulatory 

agency for the indicated use, as described herein. 

Formulation of compositions: 

According to some embodiments of any of the embodiments and any of the 5 

aspects of embodiments of the invention described herein, the active ingredient(s) 

described herein (e.g., an agent which exhibits an activity in a presence of hydrogen 

peroxide, a lignin peroxidase, a hydrogen peroxide-producing enzyme, a substrate of 

hydrogen peroxide-producing enzyme and/or an oxidizing mediator) may be used in a 

composition comprising the active ingredient(s) per se or in combination with 10 

additional chemical components such as physiologically suitable carriers and excipients.  

Compositions include a cosmetic or pharmaceutical composition described herein 

(which exhibit a cosmetic or pharmaceutical activity as described herein) and 

compositions within a kit (e.g., a first composition, a second composition, and/or a third 

composition, as described herein) which may be used to prepare a cosmetic or 15 

pharmaceutical composition described herein (although they may be inactive by 

themselves). 

The purpose of a cosmetic or pharmaceutical composition comprising carriers 

and excipients is to facilitate administration of the active ingredient to an organism.  In 

embodiments wherein an activity exhibited by the composition is cosmetic, as defined 20 

herein, the composition is also referred to herein as a “cosmetic composition”.  In 

embodiments wherein an activity exhibited by the composition is pharmaceutical, the 

composition is also referred to herein as a “pharmaceutical composition”. 

Hereinthroughout, the term “pharmaceutical” means that the composition or kit 

are for exhibiting a therapeutic effect when applied on a subject’s bodily site as 25 

described herein. 

Hereinafter, the phrase “suitable carrier” refers to a carrier or a diluent that does 

not cause significant irritation to an organism and does not abrogate the biological 

activity and properties of the active ingredient(s).  In embodiments wherein an activity 

exhibited by the active ingredient(s) is cosmetic, such a carrier is also referred to herein 30 

as a “cosmetically or cosmeceutically acceptable carrier”.  In embodiments wherein an 
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activity exhibited by the active ingredient(s) is pharmaceutical, such a carrier is also 

referred to herein as a “pharmaceutically acceptable carrier”. 

     Herein the term “excipient” refers to an inert substance added to a composition 

to further facilitate administration of an active ingredient(s).  Examples, without 

limitation, of excipients include calcium carbonate, calcium phosphate, various sugars 5 

and types of starch, cellulose derivatives, gelatin, vegetable oils and polyethylene 

glycols. 

 Compositions of the present invention may be manufactured by processes well 

known in the art, e.g., by means of conventional mixing, dissolving, granulating, 

dragee-making, levigating, emulsifying, encapsulating, entrapping or lyophilizing 10 

processes. 

 Compositions for use in accordance with some embodiments of the invention 

thus may be formulated in conventional manner using one or more suitable carriers 

comprising excipients and auxiliaries, which facilitate processing of the active 

ingredient(s) into preparations.  Proper formulation is dependent upon the 15 

administration approach chosen.  

 Alternatively, the active ingredient(s) may be in a powder form for constitution 

with a suitable vehicle, e.g., sterile, pyrogen-free water based solution, before use. 

 Compositions according to some embodiments of any of the embodiments and 

any of the aspects described herein may be formulated in any of a variety of forms 20 

utilized by the cosmetic industry (e.g., for topical use), such as, for example, a mask, a 

serum, a lotion, a cream, a shampoo, a gel, and/or a toner.  As will be apparent to the 

skilled person, suitability of a formulations will depend on the type of surface to be 

contacted with the active ingredient(s) – thus, for example, a shampoo formulation is 

suitable for contacting hair, a facial mask is suitable for contacting facial skin, and so 25 

forth. 

Methods for preparing compositions having properties such as described herein 

are well known to those skilled in the art, and are described in detail in Remington's 

Pharmaceutical Sciences, 1990 (supra); and Pharmaceutical Dosage Forms and Drug 

Delivery Systems, 6th ed., Williams & Wilkins (1995).  30 
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 According to some embodiments of any of the embodiments of the invention, 

the cosmetic composition is formulated viscous enough to remain on the treated area, 

does not readily evaporate, and/or is not easily removed by rinsing with water. 

 As used herein the term “serum” refers to an aqueous solution which is 

formulated for topical application.  5 

 According to some embodiments of any of the embodiments of the invention, 

the serum is a thickened aqueous cosmetic solution.  According to some embodiments 

of the invention, the serum is a clear to slight hazy aqueous solution.  

 According to some embodiments of any of the embodiments of the invention, 

the serum is formulated to remain on a topical body site and does not need to be 10 

removed by water, soap and/or cleansers.  

 According to some embodiments of any of the embodiments of the invention, 

upon topical application of the serum (e.g., to skin), the serum is absorbed rapidly, 

leaving a cosmetically elegant silky smooth feel.  

  According to some embodiments of any of the embodiments of the invention, 15 

the serum is incorporated within a mask (a cosmetic mask). 

 In some embodiments of any of the embodiments described herein, the serum 

comprises ingredients as presented in Table 2:  

 

Table 2: Serum composition according to some embodiments 20 

Ingredient Weight percentage range 

Water 75 – 100 % 

Active ingredient(s) As described herein 

Glycerin 5 – 10 % 

Polyacrylate-13 0.1 – 1 % 

Dimethicone 0.1 – 1 % 

Dicaprylyl carbonate 0.1 – 1 % 

Cetyl alcohol 0.1 – 1 % 

Stearyl alcohol 0.1 – 1 % 

Phenoxyethanol 0.1 – 1 % 

Portulaca oleracea 0 – 1 % 

Polyisobutene 0.1 – 1 % 
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Ingredient Weight percentage range 

Butylene glycol 0 – 1 % 

Pullulan 0 – 0.1 % 

Polysorbate 20 0 – 0.1 % 

PEG-4 Laurate 0 – 0.1 % 

PEG-4 Dilaurate 0 – 0.1 % 

PEG-4 0 – 0.1 % 

Iodopropynyl butylcarbamate 0 – 0.1 % 

 

  

In some embodiments of any of the embodiments described herein, a 

composition as described herein (e.g., serum, lotion, cream) comprises a 

dermatologically acceptable emollient.  Such compositions preferably contain from 5 

about 2% to about 50% of the emollient.  As used herein, “emollient” refers to a 

material useful for the prevention or relief of dryness, as well as for the protection of 

skin.  A wide variety of suitable emollients are known and may be used herein. See, 

e.g., Sagarin, Cosmetics, Science and Technology, 2nd Edition, Vol. 1, pp. 3243 (1972), 

which contains numerous examples of materials suitable as an emollient.  A preferred 10 

emollient is glycerin.  Glycerin is preferably used in an amount of from or about 0.001 

to or about 20 %, more preferably from or about 0.01 to or about 10 %, most preferably 

from or about 0.1 to or about 5 %, e.g., 3 %.  

 Lotions and creams according to the present invention generally comprise a 

solution carrier system and one or more emollients.  Lotions typically comprise from 15 

about 1 % to about 20 %, preferably from about 5 % to about 10 % of emollient; from 

about 50 % to about 90 %, preferably from about 60 % to about 80 % water; and a 

pharmaceutically effective amount of an agent described herein.  A cream typically 

comprises from about 5 % to about 50 %, preferably from about 10 % to about 20 % of 

emollient; from about 45 % to about 85 %, preferably from about 50 % to about 75 % 20 

water; and an effective amount of active ingredient(s) described herein.  

In some embodiments of any of the embodiments described herein, the cream or 

lotion comprises ingredients as presented in Table 3: 
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Table 3: Cream or lotion composition according to some embodiments 

Ingredient Weight percentage range 

Water 50 – 75 % 

Active ingredient(s) As described herein 

Glycerin 5 – 10 % 

Butyrospermum Parkii butter 0 – 5 % 

Dimethicone 1 – 5 % 

Dicaprylyl carbonate 1 – 5 % 

Trehalose 0 – 5 % 

Caprylic capric triglyceride 0 – 1 % 

Cetyl alcohol 0.1 – 1 % 

Jojoba ester 0 – 1 % 

Stearyl alcohol 0.1 – 1 % 

Polyacrylate-13 0.1 – 1 % 

Cetyl palmitate 0 – 1 % 

Myristyl myristate 0 – 1 % 

Phenoxyethanol 0.1 – 1 % 

Polyisobutene 0.1 – 1 % 

Pullulan 0 – 1 % 

Polysorbate 20 0 – 0.1 % 

PEG- 4 laurate 0 – 0.1 % 
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Ingredient Weight percentage range 

PEG-4 dilaurate 0 – 0.1 % 

PEG-4 0 – 0.1 % 

Iodopropynyl butylcarbamate 0 – 0.1 % 

  Table 3 (Cont.) 

 

In exemplary embodiments, the cream or lotion comprises ingredients as 

presented in Table 4: 

 5 

Table 4: Cream or lotion composition according to exemplary embodiments 

 

Ingredient Weight percentage range 

Water 75 – 100 % 

Active ingredient(s) As described herein 

Glycerin 5 – 10 % 

Propylene glycol 1 – 5 % 

Dicaprylyl carbonate 0.1 – 1 % 

Dimethicone 0.1 – 1 % 

Polyacrylate-13 0.1 – 1 % 

Cetyl alcohol 0.1 – 1 % 

Paraffinum liquidum 0.1 – 1 % 

Stearyl alcohol 0.1 – 1 % 

Phenoxyethanol 0.1 – 1 % 
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Ingredient Weight percentage range 

Polyisobutene 0.1 – 1 % 

Polysorbate 20 0 – 0.1 % 

PEG- 4 laurate 0 – 0.1 % 

PEG-4 dilaurate 0 – 0.1 % 

PEG-4 0 – 0.1 % 

Iodopropynyl butylcarbamate 0 – 0.1 % 

Chlorphenesin 0 – 1 % 

Caesalpinia spinosa gum 0 – 1 % 

Citric acid 0 – 0.1 % 

  Table 4 (Cont.) 

 

 As used herein the term “mask” refers to a cosmetic mask which comprises the 

active ingredient(s) as described herein and which is topically applied in order to 

maintain contact of the active ingredient(s) with a topical region, for example, in order 5 

to lighten the topical region.   

Various types of cosmetic masks are known in the cosmetic industry.  These 

include, but are not limited to a mask having a solid support, a rinse-off mask, a peeled-

off mask, or a mask which hardens or polymerizes after a set period of time. 

 As used herein the phrase “rinse-off mask” refers to a cosmetic composition 10 

formulated in order to be topically applied in a relatively thick layer and left for a 

certain period of time, generally from a few minutes to several tens of minutes, and in 

order to be, at the end of this period of time, rinsed off with water or also simply wiped 

off.  

Suitable masks and techniques for preparing masks with an active ingredient(s) 15 

such as described herein are described in International Patent Application Publication 

WO 2012/153336. 
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In some embodiments of any of the embodiments described herein, the form of 

the composition is determined, at least in part, by selecting a suitable carrier. 

In some embodiments of any of the embodiments described herein, the carrier 

comprises an emulsion.  Such carriers include, without limitation, oil-in-water, water-

in-oil, water-in-oil-in-water, and oil-in-water-in-silicone emulsions, a cream, an 5 

ointment, an aqueous solution, a lotion or an aerosol.  As will be understood by the 

skilled artisan, a given component will distribute primarily into either the water or 

oil/silicone phase, depending on the water solubility/dispersibility of the component in 

the composition.  

 Emulsions according to some embodiments of any of the embodiments of the 10 

invention generally contain an effective amount of active ingredient(s) disclosed herein 

and oil.  The active ingredient(s) (e.g., an agent which exhibits an activity in a presence 

of hydrogen peroxide, a lignin peroxidase, a hydrogen peroxide-producing enzyme, a 

substrate of hydrogen peroxide-producing enzyme and/or an oxidizing mediator) and 

oils may be derived from animals, plants, or petroleum and may be natural or synthetic 15 

(i.e., man-made).  Preferred emulsions also contain a humectant, such as glycerin.  

Emulsions will preferably further contain from about 1 % to about 10 %, more 

preferably from about 2 % to about 5 %, of an emulsifier, based on the weight of the 

carrier.  Emulsifiers may be nonionic, anionic or cationic.  Suitable emulsifiers are 

described in, for example, U.S. Pat. No. 3,755,560, issued to Dickert, et al. Aug. 28, 20 

1973; U.S. Pat. No. 4,421,769, issued to Dixon, et al., Dec. 20, 1983; and McCutcheon's 

Detergents and Emulsifiers, North American Edition, pages 317-324 (1986).  

 The emulsion may also contain an anti-foaming agent to minimize foaming 

upon application to the keratinous tissue.  Anti-foaming agents include high molecular 

weight silicones and other materials well known in the art for such use.  25 

 Suitable emulsions may have a wide range of viscosities, depending on the 

desired product form.  Exemplary low viscosity emulsions, which are preferred, have a 

viscosity of about 50 centistokes or less, more preferably about 10 centistokes or less, 

most preferably about 5 centistokes or less.  The emulsion may also contain an anti-

foaming agent to minimize foaming upon topical application.  Anti-foaming agents 30 

include high molecular weight silicones and other materials well known in the art for 

such use.  
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 In some embodiments of any of the embodiments described herein, the emulsion 

is an oil-in-water emulsion, having a continuous aqueous phase and a hydrophobic, 

water-insoluble phase (“oil phase”) dispersed therein.  Examples of suitable carriers 

comprising oil-in-water emulsions are described in U.S. Pat. Nos. 5,073,371 and 

5,073,372.    5 

In some embodiments of any of the embodiments described herein, the oil-in-

water emulsion comprises a structuring agent to assist in the formation of a liquid 

crystalline gel network structure.  Without being limited by theory, it is believed that the 

structuring agent assists in providing rheological characteristics to the composition 

which contribute to the stability of the composition.  The structuring agent may also 10 

function as an emulsifier or surfactant.  Preferred compositions of this invention 

comprise from about 0.5 % to about 20 %, more preferably from about 1 % to about 10 

%, most preferably from about 1 % to about 5 %, by weight of the composition, of a 

structuring agent.  The preferred structuring agents of the present invention are selected 

from the group consisting of stearic acid, palmitic acid, stearyl alcohol, cetyl alcohol, 15 

behenyl alcohol, the polyethylene glycol ether of stearyl alcohol having an average of 

about 1 to about 21 ethylene oxide units, the polyethylene glycol ether of cetyl alcohol 

having an average of about 1 to about 5 ethylene oxide units, and mixtures thereof.  

 A wide variety of anionic surfactants are also useful herein, as described, for 

example, in U.S. Pat. No. 3,929,678.  In addition, amphoteric and zwitterionic 20 

surfactants are also useful herein.  

 In some embodiments of any of the embodiments described herein, the oil-in-

water emulsion comprises from about 25 % to about 98 %, preferably from about 65 % 

to about 95 %, more preferably from about 70 % to about 90 % water by weight of the 

topical carrier.  25 

 In some embodiments of any of the embodiments described herein, the emulsion 

is a water-in-silicone emulsion.  Water-in-silicone emulsions contain a continuous 

silicone phase and a dispersed aqueous phase.  Preferred water-in-silicone emulsions of 

the present invention comprise from about 1 % to about 60 %, preferably from about 

5% to about 40%, more preferably from about 10 % to about 20 %, by weight of a 30 

continuous silicone phase.  The continuous silicone phase exists as an external phase 
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that contains or surrounds the discontinuous aqueous phase described hereinafter.  

 The continuous silicone phase may contain a polyorganosiloxane oil.     

 The continuous silicone phase may contain one or more non-silicone oils.  

Concentrations of non-silicone oils in the continuous silicone phase are preferably 

minimized or avoided altogether so as to further enhance oxidative stability of the 5 

active ingredient(s) in the compositions.  Suitable non-silicone oils have a melting point 

of about 25 °C or less under about one atmosphere of pressure.  Examples of non-

silicone oils suitable for use in the continuous silicone phase are those well known in 

the chemical arts in topical personal care products in the form of water-in-oil emulsions, 

e.g., mineral oil, vegetable oils, synthetic oils, semisynthetic oils, etc.  10 

 Useful topical compositions according to some embodiments of any of the 

embodiments of the present invention comprise from about 30 % to about 90 %, more 

preferably from about 50 % to about 85 %, and most preferably from about 70 % to 

about 80 % of a dispersed aqueous phase.  The term “dispersed phase” is well-known to 

one skilled in the art it implies that the phase exists as small particles or droplets that are 15 

suspended in and surrounded by a continuous phase.  The dispersed phase is also known 

as the internal or discontinuous phase.  The dispersed aqueous phase is a dispersion of 

small aqueous particles or droplets suspended in and surrounded by the continuous oil 

and/or silicone phase (e.g., as described herein).  The aqueous phase can be water, or a 

combination of water and one or more water soluble or dispersible ingredients.  Non- 20 

limiting examples of such optional ingredients include thickeners, acids, bases, salts, 

chelants, gums, water-soluble or dispersible alcohols and polyols, buffers, preservatives, 

sunscreening agents, colorings, and the like.  

 The topical compositions of some embodiments of the invention typically 

comprise from about 25 % to about 90 %, preferably from about 40 % to about 80 %, 25 

more preferably from about 60 % to about 80 %, water in the dispersed aqueous phase 

by weight of the composition.  

 The emulsions of some embodiments of the invention comprise an emulsifier.  

In a preferred embodiment, the composition contains from about 0.1 % to about 10 % 

emulsifier, more preferably from about 0.5 % to about 7.5 %, most preferably from 30 

about 1 % to about 5 %, emulsifier by weight of the composition.  The emulsifier helps 

disperse and suspend the aqueous phase within the oil and/or silicone phase.  Known or 
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conventional emulsifying agents can be used in the composition, provided that the 

selected emulsifying agent is chemically and physically compatible with essential 

components of the composition, and provides the desired dispersion characteristics.  

Suitable emulsifiers include emulsifiers known by those skilled in the art for use in 

topical personal care products.  5 

Suitable emulsifiers include any of a wide variety of known cationic, anionic, 

zwitterionic, and amphoteric surfactants. See, McCutcheon's. Detergents and 

Emulsifiers, North American Edition (1986), published by Allured Publishing 

Corporation; U.S. Pat. No. 5,011,681 to Ciotti et al., issued Apr. 30, 1991; U.S. Pat. No. 

4,421,769 to Dixon et al. issued to Dec. 20, 1983; and U.S. Pat. No. 3,755,560.  The 10 

exact surfactant chosen depends upon the pH of the composition and the other 

components present.  Preferred are cationic surfactants, especially dialkyl quaternary 

ammonium compounds, examples of which are described in U.S. Pat. No. 5,151,209 to 

McCall et al. issued to Sep. 29, 1992; U.S. Pat. No. 5,151,210 to Steuri et al., issued to 

Sep. 29, 1992; U.S. Pat. Nos. 5,120,532; U.S. Pat. No. 4,387,090; U.S. Pat. No. 15 

3,155,591; U.S. Pat. No. 3,929,678; U.S. Pat. No. 3,959,461; McCutcheon's, Detergents 

& Emulsifiers (North American edition 1979) M.C. Publishing Co.; and Schwartz, et 

al., Surface Active Agents, Their chemistry and Technology, New York: Interscience 

Publishers, 1949.  

 Alternatively, other useful cationic emulsifiers include amino-amides.  20 

Nonlimiting examples of these cationic emulsifiers include stearamidopropyl PG-

dimonium chloride phosphate, behenamidopropyl PG dimonium chloride, 

stearamidopropyl ethyldimonium ethosulfate, stearamidopropyl dimethyl (myristyl 

acetate) ammonium chloride, stearamidopropyl dimethyl cetearyl ammonium tosylate, 

stearamidopropyl dirnethyl ammonium chloride, stearamidopropyl dimethyl ammonium 25 

lactate, and mixtures thereof.  

Determination of an effective amount of active ingredient(s) is well within the 

capability of those skilled in the art, especially in light of the detailed disclosure 

provided herein. 

 For any preparation used in the methods of the invention, the therapeutically 30 

effective amount or dose can be estimated initially from in vitro assays.  In addition, a 

dose can be formulated in ex vivo systems (e.g., ex vivo skin, hair and/or nail) or in 
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animal models to achieve a desired concentration or titer.  Such information can be used 

to more accurately determine useful doses in humans.  

In order to enhance the percutaneous absorption of the active ingredients (e.g., 

lignin peroxidase, and/or oxidizing mediator), one or more of a number of agents can be 

added to the composition including, but not limited to, dimethylsulfoxide, 5 

dimethylacetamide, dimethylformamide, surfactants, azone, alcohol, acetone, propylene 

glycol, polyethylene glycol, and butylene glycol.   

 The compositions described herein may also include additional components 

which are added, for example, in order to enrich the compositions with fragrance and 

nutrition factors (e.g., skin or hair nutrition factors).   10 

 Such components are selected suitable for topical use on a human without 

inducing toxicity, incompatibility, instability, allergic response, and the like within the 

scope of sound medical judgment.  In addition, such optional components are useful 

provided that they do not unacceptably alter the benefits of the active compounds of the 

invention.  15 

The CTFA Cosmetic Ingredient Handbook, Second Edition (1992) describes a 

wide variety of non-limiting cosmetic ingredients commonly used in the skin care 

industry, which are suitable for use in the compositions of the present invention.  

Examples of these ingredient classes include: abrasives, absorbents, aesthetic 

components such as fragrances, pigments, colorings/colorants, essential oils, skin 20 

sensates, astringents, etc. (e.g., clove oil, menthol, camphor, eucalyptus oil, eugenol, 

menthyl lactate, witch hazel distillate), anti-acne agents, anti-caking agents, antifoaming 

agents, antimicrobial agents (e.g., iodopropyl butylcarbamate), antioxidants, binders, 

biological additives, buffering agents, bulking agents, chelating agents, chemical 

additives, colorants, cosmetic astringents, cosmetic biocides, denaturants, drug 25 

astringents, external analgesics, film formers or materials, e.g., polymers, for aiding the 

film-forming properties and substantivity of the composition (e.g., copolymer of 

eicosene and vinyl pyrrolidone), opacifying agents, pH adjusters, propellants, reducing 

agents, sequestrants, skin-conditioning agents (e.g., humectants, including 

miscellaneous and occlusive), skin soothing and/or healing agents (e.g., panthenol and 30 

derivatives (e.g., ethyl panthenol), aloe vera, pantothenic acid and its derivatives, 
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allantoin, bisabolol, and dipotassium glycyffhizinate), skin treating agents, thickeners, 

and vitamins and derivatives thereof.  

As compositions according to some embodiments described herein are for 

utilization in vivo, the composition is preferably of high purity and substantially free of 

potentially harmful contaminants, e.g., at least National Food (NF) grade, generally at 5 

least analytical grade, and preferably at least pharmaceutical grade.  To the extent that a 

given compound must be synthesized prior to use, such synthesis or subsequent 

purification shall preferably result in a product that is substantially free of any 

potentially contaminating toxic agents that may have been used during the synthesis or 

purification procedures.  10 

As used herein the term “about” refers to ± 10 %. 

The terms "comprises", "comprising", "includes", "including", “having” and 

their conjugates mean "including but not limited to".  

The term “consisting of” means “including and limited to”. 

The term "consisting essentially of" means that the composition, method or 15 

structure may include additional ingredients, steps and/or parts, but only if the 

additional ingredients, steps and/or parts do not materially alter the basic and novel 

characteristics of the claimed composition, method or structure. 

As used herein, the singular form "a", "an" and "the" include plural references 

unless the context clearly dictates otherwise. For example, the term "a compound" or 20 

"at least one compound" may include a plurality of compounds, including mixtures 

thereof.  

Throughout this application, various embodiments of this invention may be 

presented in a range format. It should be understood that the description in range format 

is merely for convenience and brevity and should not be construed as an inflexible 25 

limitation on the scope of the invention. Accordingly, the description of a range should 

be considered to have specifically disclosed all the possible subranges as well as 

individual numerical values within that range. For example, description of a range such 

as from 1 to 6 should be considered to have specifically disclosed subranges such as 

from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well 30 

as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies 

regardless of the breadth of the range.  
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 Whenever a numerical range is indicated herein, it is meant to include any cited 

numeral (fractional or integral) within the indicated range. The phrases “ranging/ranges 

between” a first indicate number and a second indicate number and “ranging/ranges 

from” a first indicate number “to” a second indicate number are used herein 

interchangeably and are meant to include the first and second indicated numbers and all 5 

the fractional and integral numerals therebetween.  

As used herein the term "method" refers to manners, means, techniques and 

procedures for accomplishing a given task including, but not limited to, those manners, 

means, techniques and procedures either known to, or readily developed from known 

manners, means, techniques and procedures by practitioners of the chemical, 10 

pharmacological, biological, biochemical and medical arts. 

As used herein, the term “treating” includes abrogating, substantially inhibiting, 

slowing or reversing the progression of a condition, substantially ameliorating clinical 

or aesthetical symptoms of a condition or substantially preventing the appearance of 

clinical or aesthetical symptoms of a condition.  15 

It is appreciated that certain features of the invention, which are, for clarity, 

described in the context of separate embodiments, may also be provided in combination 

in a single embodiment. Conversely, various features of the invention, which are, for 

brevity, described in the context of a single embodiment, may also be provided 

separately or in any suitable subcombination or as suitable in any other described 20 

embodiment of the invention. Certain features described in the context of various 

embodiments are not to be considered essential features of those embodiments, unless 

the embodiment is inoperative without those elements. 

Various embodiments and aspects of the present invention as delineated 

hereinabove and as claimed in the claims section below find experimental support in the 25 

following examples. 

 

EXAMPLES 

Reference is now made to the following examples, which together with the above 

descriptions illustrate some embodiments of the invention in a non-limiting fashion. 30 

 Generally, the nomenclature used herein and the laboratory procedures utilized 

in the present invention include molecular, biochemical, microbiological and 
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recombinant DNA techniques.  Such techniques are thoroughly explained in the 

literature.  See, for example, "Molecular Cloning: A laboratory Manual" Sambrook et 

al., (1989); "Current Protocols in Molecular Biology" Volumes I-III Ausubel, R. M., ed. 

(1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and Sons, 

Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning", John 5 

Wiley & Sons, New York (1988); Watson et al., "Recombinant DNA", Scientific 

American Books, New York; Birren et al. (eds) "Genome Analysis: A Laboratory 

Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998); 

methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659 

and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-III Cellis, J. E., ed. 10 

(1994); "Current Protocols in Immunology" Volumes I-III Coligan J. E., ed. (1994); 

Stites et al. (eds), "Basic and Clinical Immunology" (8th Edition), Appleton & Lange, 

Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods in Cellular 

Immunology", W. H. Freeman and Co., New York (1980); available immunoassays are 

extensively described in the patent and scientific literature, see, for example, U.S. Pat. 15 

Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262; 

3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,876; 4,879,219; 

5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M. J., ed. (1984); “Nucleic 

Acid Hybridization" Hames, B. D., and Higgins S. J., eds. (1985); "Transcription and 

Translation" Hames, B. D., and Higgins S. J., Eds. (1984); "Animal Cell Culture" 20 

Freshney, R. I., ed. (1986); "Immobilized Cells and Enzymes" IRL Press, (1986); "A 

Practical Guide to Molecular Cloning" Perbal, B., (1984) and "Methods in 

Enzymology" Vol. 1-317, Academic Press; "PCR Protocols: A Guide To Methods And 

Applications", Academic Press, San Diego, CA (1990); Marshak et al., "Strategies for 

Protein Purification and Characterization - A Laboratory Course Manual" CSHL Press 25 

(1996); all of which are incorporated by reference as if fully set forth herein.  Other 

general references are provided throughout this document.  The procedures therein are 

believed to be well known in the art and are provided for the convenience of the reader.  

All the information contained therein is incorporated herein by reference. 
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MATERIALS AND METHODS 

Materials: 

 Glucose oxidase (stabilizer-free) was obtained from Sigma-Aldrich; 

 Lignin peroxidase isoenzyme H1 (from P. chrysosporium) was prepared as 

described in International Patent Application Publication WO2004/052275, with the 5 

following minor modifications: a spore solution with 7.5*10
4
 spores/ml was directly 

spiked to the growth medium; the growth medium further comprised yeast extract and 

nutrient broth; and aeration of the fermentor was 4 liters/minute with agitation of 150 

rotations per minute (lignin peroxidases from of other white rot fungi are also 

contemplated for use in embodiments of the invention); 10 

Veratryl alcohol was obtained from Fluka. 

Cream formulation: 

Exemplary formulations were prepared in the form of two complementary 

creams: an enzyme cream comprising 25 units/gram LIP isoenzyme H1 fraction, 25 

units/gram GOX and 0.10 weight percent veratryl alcohol (6 mmol/kg of cream), and 15 

the complementary activator cream comprised glucose (3.5 mmol/kg of cream).   

For comparison, a complementary enzyme cream and activator cream were 

formulated for activation of LIP by non-enzymatically produced H2O2.  This enzyme 

cream comprised the LIP isoenzyme H1 fraction (25 units/gram) and veratryl alcohol (6 

mmol/kg of cream) without GOX, and the complementary activator cream comprised 20 

H2O2 (3.53 mmol/kg of cream).   

Other ingredients (e.g., the carrier) in the creams were as described in Table 5 

below. 

Table 5: Non-active ingredients of exemplary creams 

Ingredient Weight percentage Trade names and other details 

Glycerin 8.0 % Superol® V 

Propylene glycol 2.0 %  

Dimethicone 1.0 % xiameter® pmx-200 

Dicaprylyl carbonate 1.0 % Cetiol® CC 
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Paraffinum liquidum 0.50 % Draekol® 19 

Cetyl alcohol 0.50 % Lanette® C16 98-100MY 

Stearyl alcohol 0.50 % Lanette® C18 98-100MY 

Polyisobutene 0.200 – 0.213 % 0.80 - 0.85 % Sepiplus™ 400  

(25 % polyisobutene, 5 % 

polysorbate 20 and 70 % 

polyacrylate 13) 

Polysorbate 20 0.040 - 0.043 % 

Polyacrylate 13 0.560 - 0.595 % 

Phenoxyethanol 0.50 %  

Chlorphenesin 0.30 % Elestab® CPN 

Caesalpinia spinosa gum 0.30 % Solagum™ Tara 

Citric acid 0.011- 0.040 %  Added as aqueous solution 

Deionized water To 100 %  

 

Visual analogue scale (VAS): 

A visual analogue scale (VAS) is a method that is used to measure a 

characteristic or attitude that is believed to range across a continuum of values which 

cannot easily be directly measured.  The VAS was presented as a horizontal line, 5 

anchored by word descriptors at each end, as described below.  The ends of the scale 

were labeled by the values 0 (for most desirable outcomes) and 10 (for least desirable 

outcome).  Statistical significance was determined by calculating p values according to 

repeated measures ANOVA.  A VAS was used to evaluate each of the following 

variables: 10 

Uniformity of pigmentation (anchored by the descriptors "uniform, even" and 

""uneven, blotchy, mottled"; 

Clarity (anchored by the descriptors "clear, even" and "dull, opaque"); 

Lightening/Brightening (anchored by the descriptors "light/bright appearance" 

and "dull, matte"); 15 
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Skin tone (anchored by the descriptors "even, healthy skin color" and "uneven, 

discolored appearance"); 

Radiance (anchored by the descriptors "radiant, luminous appearance" and "dull, 

matte, sallow appearance"); and  

Overall appearance (anchored by the descriptors "healthy looking" and 5 

unhealthy looking").  

Digital photography: 

Digital photography of the faces of treated subjects was performed using a 

VISIA®-CR facial imaging system, placed in an environment with stable and consistent 

ambient lighting.  The system remained in the same location/orientation for different 10 

visits by each subject.  

EXAMPLE 1 

Oxidation of melanin by lignin peroxidase, glucose oxidase and glucose in cream 

formulation 

 In order to evaluate the ability of lignin peroxidase (LIP) to lighten skin upon 15 

activation by an enzymatic source of hydrogen peroxide, an enzyme cream comprising 

LIP, veratryl alcohol and GOX (glucose oxidase) and an activator cream comprising 

glucose were prepared as described hereinabove, and tested on solubilized melanin.  

The results were compared with those obtained with an enzyme cream comprising LIP 

and veratryl alcohol and an activator cream comprising hydrogen peroxide, prepared as 20 

described hereinabove. 

0.3 gram of each enzyme cream was first mixed with melanin (140 µg/ml), 

resulting in a grayish black color.  0.3 gram of the complementary activator cream was 

then added. 

As shown in Figure 1, the color of each enzyme cream formulation changed 25 

from grayish black to beige immediately after addition of the activator cream.  

These results indicate that LIP is efficiently activated by the H2O2 produced 

enzymatically by the GOX-glucose system, to a comparable degree as is obtained with 

the conventional non-enzymatic H2O2 activation system.  
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EXAMPLE 2 

Skin lightening by lignin peroxidase, glucose oxidase and glucose in cream 

formulation upon treatment for 21 days 

The exemplary enzyme and activator creams described herein were tested for 

their ability to lighten skin in vivo. 5 

Lignin peroxidase, glucose oxidase and glucose were administered to 10 female 

subjects (aged 23-65), of which 8 completed the study.  Compositions were applied to 

facial skin according to the following regimen: 

Morning 

Step 1 - ELURETM facial wash 10 

Step 2 – cream comprising lignin peroxidase and glucose oxidase (as described 

in Materials and Methods section) 

Step 3 – activator cream comprising glucose (as described in Materials and 

Methods section) 

Step 4 - SPF 30 sunscreen (for reducing formation of new melanin) 15 

Evening 

Step 1 - facial wash 

Step 2 – cream comprising lignin peroxidase and glucose oxidase  

Step 3 – activator cream comprising glucose 

After the cream comprising lignin peroxidase and glucose oxidase was applied 20 

and absorbed by the skin, the activator cream was applied.  

Skin color was measured using a Mexameter® skin colorimeter, which was used 

to evaluate melanin and erythema (hemoglobin) contributions to the skin color.  The 

skin color was measured in various regions (forehead, right cheek, left cheek, and spots 

of interest).  In each region skin color was measured at different points and the results 25 

were averaged.  Skin color was assessed on day 0 (i.e., prior to treatment) and on days 7 

and 21 of the treatment.   

As shown in Figures 2A-9B, the treatment resulted in at least some reduction in 

melanin content, in all 8 subjects tested, and the reductions in melanin content were 

usually treatment duration-dependent (Figures 2A, 6A, 7A, 9A). 30 

As further shown therein, the treatment did not have any consistent effect on 

erythema levels. 
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As shown in Figures 3A, 5A and 6A, the treatment resulted in reduction in 

melanin content of most spots on the skin. 

In one subject (Figure 9B), an increase of erythema of the cheeks on day 21 was 

observed, but judged to be caused by irritation unrelated to the treatment (irritation by 

toner used to remove smudged eye shadow).    5 

These results indicate that treatment with lignin peroxidase, glucose oxidase and 

glucose is effective at lightening skin by decreasing melanin content, without causing 

significant irritation of the skin. 

 

EXAMPLE 3 10 

Skin lightening by lignin peroxidase, glucose oxidase and glucose in cream 

formulation upon treatment for 8 weeks 

The formulation and daily regimen described in Example 2 were tested on 28 

female volunteer subjects (aged 33-50) with apparent but mild, diffuse 

hyperpigmentation including melasma, for a period of 8 weeks.  Subjects fulfilling any 15 

of the following criteria were excluded: sensitive, hypersensitive, or with atopic skin; 

history of allergy to cosmetic products or skin cleansers; history of a disease/condition 

or concurrent illness that could interfere with the outcome of the study; pregnant, 

planning to be pregnant, or breast feeding; skin problems in the area for testing, 

including skin diseases, moles, acne, red spots, telangiectasis, etc; dermatologist 20 

treatments, or procedures with potential interference within the last 3 months; currently 

involved in, or participated in any clinical skin care study within the last 3 months; 

judged by a physician to be unsuitable for enrollment in this clinical trial. 

The effect of the formulation was assessed by evaluating skin pigmentation at 0, 

4, 6 and 8 weeks from the beginning of treatment, using the following techniques: 25 

1) instrumental measurement using a Mexameter® skin colorimeter; 

2) visual analogue scale (VAS) assessment by a dermatologist; 

3) digital photography with VISIA®-CR facial imaging system; and 

4) self-assessment by subjects. 

As shown in Figures 10A and 10B, the formulation progressively lowered the 30 

melanin index in pigmented skin (Figure 10A) and non-pigmented skin (Figure 10B) 
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throughout the 8 weeks of treatment (as determined using a Mexameter® skin 

colorimeter). 

Furthermore, after 4 weeks, the melanin index in pigmented skin was lowered in 

22 of the 28 subjects (78.6 %), and the melanin index in non-pigmented skin was 

lowered in 20 of the 28 subjects (71.4 %).  After 6 and 8 weeks, the melanin index in 5 

each of pigmented and non-pigmented skin was lowered in 27 of the 28 subjects (96.4 

%). 

A visual analogue scale (VAS) was used, as described in the Materials and 

Methods section, to evaluate uniformity of pigmentation, clarity, lightness/brightness, 

tone, radiance and overall appearance of treated skin, at various time points over the 10 

course of the treatment.  

As shown in Figures 11-16, as well as in Tables 6 and 7, the formulation 

progressively enhanced the uniformity of pigmentation (Figure 11), clarity (Figure 12), 

lightness/brightness (Figure 13), tone (Figure 14), radiance (Figure 15) and overall 

appearance (Figure 16) of treated skin, over the course of 8 weeks of treatment. 15 

The average degree of improvements at each time point shown in Figures 11-16 

are presented in Table 6: 

Table 6: Average improvement and statistical significance of skin appearance relative to beginning 

of treatment (n=28) 

 

Improvement (%) 

(p value) 

after 4 weeks after 6 weeks after 8 weeks 

Uniformity of pigmentation 
1.26 % 

(0.223) 

2.96 % 

(0.106) 

5.47 % 

(0.046) 

Clarity 
4.00 % 

(0.004) 

4.65 % 

(0.033) 

8.59 % 

(0.002) 

Lightening/Brightening 
9.28 % 

(0.000) 

8.09 % 

(0.001) 

11.52 % 

(0.000) 

Tone 
8.03 % 

(0.000) 

6.13 % 

(0.015) 
12.53 % 
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(0.000) 

Radiance 
11.64 % 

(0.000) 

12.15 % 

(0.000) 

18.38 % 

(0.000) 

Overall Appearance 
14.25 % 

(0.000) 

13.21 % 

(0.000) 

21.57 % 

(0.000) 

 

Figure 17 shows the changes in facial complexion in individual subjects treated 

for 8 weeks with the formulation.  

The percentages of the 28 subjects which showed significant improvement  in 

clarity, lightening/brightening, skin tone, radiance and/or overall appearance of whole 5 

face complexion after 4, 6 and 8 weeks of treatment are presented in Table 7: 

Table 7: Percentage of subjects showing improvement of skin appearance relative to beginning of 

treatment (n=28) 

 after 4 weeks after 6 weeks after 8 weeks 

Uniformity of 

pigmentation 

46.4 % 

(13/28) 

60.7 % 

(17/28) 

67.9 % 

(19/28) 

Clarity 
67.9 % 

(19/28) 

64.3 % 

(18/28) 

67.9 % 

(19/28) 

Lightening/Brightening 
89.3 % 

(25/28) 

78.6 % 

(22/28) 

75.0 % 

(21/28) 

Tone 
78.6 % 

(22/28) 

67.9 % 

(19/28) 

82.1 % 

(23/28) 

Radiance 
92.9 % 

(26/28) 

92.9 % 

26/28) 

96.4 % 

(27/28) 

Overall Appearance 
92.9 % 

(26/28) 

82.1 % 

(23/28) 

89.3 % 

(25/28) 
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As shown in Table 8, satisfaction of the subjects with the formulation 

progressively increased over the course of 8 weeks of treatment (as determined 

according to self-assessment by questionnaire). 

Table 8: Responses of subjects to question "Overall, are you satisfied with the 

product you used?" 5 

 

Response 

0 weeks 4 weeks 6 weeks 8 weeks 

n % n % n % n % 

Strongly disagree (1) 0 0.0 0 0.0 0 0.0 0 0.0 

Disagree (2) 0 0.0 1 3.6 0 0.0 1 3.6 

Fair (3) 27 96.4 9 32.1 8 28.6 6 21.4 

Agree (4) 1 3.6 18 64.3 16 57.1 18 64.3 

Strongly agree (5) 0 0.0 0 0.0 4 14.3 3 10.7 

Furthermore, as shown in Table 9, satisfaction of the subjects with the 

formulation was expressed over the course of 8 weeks of treatment with respect to every 

topic asked about in the questionnaire.  

 Table 9: Responses of subjects to specific questionnaire items (n=28) 

Questionnaire 

Item 

 

Response 
0 weeks 4 weeks 6 weeks 8 weeks 

n % n % n % n % 

Overall, have you 

felt improvement 

effect of skin 

brightness after 

application? 

Strongly disagree (1)  0  0.0  0  0.0  0  0.0  0  0.0  

Disagree (2) 0  0.0  0  0.0  0  0.0  1  3.6  

Fair (3) 26  92.9  11  39.3  4  14.3  3  10.7  

Agree (4) 2  7.1  15  53.6  23  82.1  22  78.6  

Strongly agree (5) 0  0.0  2  7.1  1  3.6  2  7.1  

Does the skin 

color on the 

pigmented area 

lighten? 

 

Strongly disagree (1) 0  0.0  0  0.0  0  0.0  0  0.0  

Disagree (2) 0  0.0  0  0.0  0  0.0  2  7.1  

Fair (3) 27  96.4  17  60.7  11  39.3  8  28.6  

Agree (4) 1  3.6  10  35.7  16  57.1  17  60.7  

Strongly agree (5) 0  0.0  1  3.6  1  3.6  1  3.6  

Do you feel the 

change of 

pigmented area? 

 

Strongly disagree (1) 0  0.0  0  0.0  0  0.0  0  0.0  

Disagree (2) 1  3.6  0  0.0  0  0.0  1  3.6  

Fair (3) 27  96.4  19  67.9  15  53.6  15  53.6  

Agree (4) 0  0.0  9  32.1  12  42.9  10  35.7  

Strongly agree (5) 0  0.0  0  0.0  1  3.6  2  7.1  

Does your skin 

felt smoother 

after application? 

 

Strongly disagree (1) 0  0.0  0  0.0  0  0.0  0  0.0  

Disagree (2) 0  0.0  0  0.0  0  0.0  1  3.6  

Fair (3) 23  82.1  10  35.7  8  28.6  6  21.4  

Agree (4) 5  17.9  18  64.3  18  64.3  19  67.9  

Strongly agree (5) 0  0.0  0  0.0  2  7.1  2  7.1  

Is this product Strongly disagree (1) 0  0.0  0  0.0  0  0.0  0  0.0  
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more effective 

than the products 

you previously 

used? 

Disagree (2) 0  0.0  0  0.0  0  0.0  1  3.6  

Fair (3) 27  96.4  11  39.3  9  32.1  9  32.1  

Agree (4) 0  0.0  17  60.7  17  60.7  16  57.1  

Strongly agree (5) 1  3.6  0  0.0  2  7.1  2  7.1  

Would you 

recommend this 

product to 

others? 

 

Strongly disagree (1) 0  0.0  1  3.6  0  0.0  0  0.0  

Disagree (2) 0  0.0  1  3.6  0  0.0  1  3.6  

Fair (3) 27  96.4  9  32.1  10  35.7  8  28.6  

Agree (4) 0  0.0  16  57.1  16  57.1  14  50.0  

Strongly agree (5) 1  3.6  1  3.6  2  7.1  5  17.9  

Would you 

purchase this 

product if it is 

released? 

Strongly disagree (1) 0  0.0  2  7.1  0  0.0  0  0.0  

Disagree (2) 0  0.0  0  0.0  0  0.0  1  3.6  

Fair (3) 25  89.3  8  28.6  8  28.6  7  25.0  

Agree (4) 3  10.7  17  60.7  17  60.7  16  57.1  

Strongly agree (5) 0  0.0  1  3.6  3  10.7  4  14.3  

 

As further determined by self-assessment, none of the 28 subjects reported any 

discomfort or allergic reaction while using the formulation. 

These results confirm that treatment with lignin peroxidase, glucose oxidase and 

glucose is effective at lightening skin by decreasing melanin content, without causing 5 

significant irritation of the skin, and further indicate that the complexion of the treated 

skin continues to improve during the course of treatment. 

Although the invention has been described in conjunction with specific 

embodiments thereof, it is evident that many alternatives, modifications and variations 

will be apparent to those skilled in the art. Accordingly, it is intended to embrace all 10 

such alternatives, modifications and variations that fall within the spirit and broad scope 

of the appended claims.  

All publications, patents and patent applications mentioned in this specification 

are herein incorporated in their entirety by reference into the specification, to the same 

extent as if each individual publication, patent or patent application was specifically and 15 

individually indicated to be incorporated herein by reference. In addition, citation or 

identification of any reference in this application shall not be construed as an admission 

that such reference is available as prior art to the present invention. To the extent that 

section headings are used, they should not be construed as necessarily limiting. 
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WHAT IS CLAIMED IS: 

 

1. A cosmetic composition for lightening a skin and/or hair of a subject, the 

composition comprising a lignin peroxidase, an oxidizing mediator, a hydrogen 

peroxide-producing enzyme, and a substrate of said hydrogen peroxide-producing 

enzyme, wherein said oxidizing mediator is selected from the group consisting of 

veratryl alcohol, veratrole and 1,4-dimethoxybenzene. 

 

2. The composition of claim 1, wherein a concentration of said lignin 

peroxidase is in a range of from 1.25 units/gram to 125 units/gram. 

 

3. The composition of any one of claims 1 to 2, wherein said oxidizing 

mediator is veratryl alcohol. 

 

4. The composition of claim 3, wherein a concentration of said oxidizing 

mediator is in a range of from 0.03 µmole/gram to 300 µmole/gram. 

 

 5. The composition of any one of claims 1 to 4, wherein said hydrogen 

peroxide-producing enzyme is selected from the group consisting of a glucose oxidase, a 

hexose oxidase, a cholesterol oxidase, an aryl alcohol oxidase, an L-gulonolactone 

oxidase, a galactose oxidase, a pyranose-2-oxidase, a pyridoxine-4-oxidase, an alcohol 

oxidase, a 2-hydroxy-acid oxidase, a choline oxidase, a long-chain-alcohol oxidase, a 

glycerol-3-phosphate oxidase, a D-arabinono-1,4-lactone oxidase, a vanillyl alcohol 

oxidase, an alditol oxidase, a prosolanapyrone II oxidase, a paromamine 6’-oxidase, a 

glyoxal oxidase, a veratryl alcohol oxidase, an alcohol dehydrogenase, a cellobiose 

dehydrogenase, an aldehyde oxidase, an oxalate oxidase, an aryl aldehyde oxidase, a 

dihydroorotate oxidase, a pyrroloquinoline-quinone synthase, an L-amino acid oxidase, 

an L-glutamate oxidase, a polyamine oxidase, an NAD(P)H oxidase, aurate oxidase, a 

hydroxylamine oxidase, a thiol oxidase, aglutathione oxidase, a cytochrome c oxidase, a 

xanthine oxidase and a superoxide dismutase. 
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 6. A kit for lightening a skin and/or hair of a subject, the kit comprising a 

hydrogen peroxide-producing enzyme, a substrate of said hydrogen peroxide-producing 

enzyme, an oxidizing mediator and a lignin peroxidase, wherein at least one of said 

hydrogen peroxide-producing enzyme, said substrate of said hydrogen peroxide-

producing enzyme and said lignin peroxidase forms a part of a composition which is 

packaged individually within the kit, and wherein said oxidizing mediator is selected 

from the group consisting of veratryl alcohol, veratrole and 1,4-dimethoxybenzene.   

 

7. The kit of claim 6, wherein said hydrogen peroxide-producing enzyme 

forms a part of a first composition and said substrate forms a part of a second 

composition, said first and said second compositions being packaged individually within 

the kit.  

   

8. The kit of claim 6, wherein said hydrogen peroxide-producing enzyme 

and said substrate of said hydrogen peroxide-producing enzyme are packaged together in 

an air-tight package within the kit.  

 

9. The kit of any one of claims 6 to 8, wherein a concentration of said lignin 

peroxidase in a composition comprising said lignin peroxidase is in a range of from 2.5 

to 250 units/gram. 

 

10. The kit of any one of claims 6 to 9, wherein said oxidizing mediator 

forms a part of a composition that comprises said lignin peroxidase. 

 

11. The kit of any one of claims 6 to 10, wherein said oxidizing mediator is 

veratryl alcohol. 

 

12. The kit of any one of claims 6 to 11, wherein a concentration of said 

oxidizing mediator in a composition comprising said oxidizing mediator is in a range of 

from 0.06 µmole/gram to 600 µmole/gram. 
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13. The kit of any one of claims 6 to 12, wherein said hydrogen peroxide-

producing enzyme is selected from the group consisting of a glucose oxidase, a hexose 

oxidase, a cholesterol oxidase, an aryl alcohol oxidase, an L-gulonolactone oxidase, a 

galactose oxidase, a pyranose-2-oxidase, a pyridoxine-4-oxidase, an alcohol oxidase, a 

2-hydroxy-acid oxidase, a choline oxidase, a long-chain-alcohol oxidase, a glycerol-3-

phosphate oxidase, a D-arabinono-1,4-lactone oxidase, a vanillyl alcohol oxidase, an 

alditol oxidase, a prosolanapyrone II oxidase, a paromamine 6’-oxidase, a glyoxal 

oxidase, a veratryl alcohol oxidase, an alcohol dehydrogenase, a cellobiose 

dehydrogenase, an aldehyde oxidase, an oxalate oxidase, an aryl aldehyde oxidase, a 

dihydroorotate oxidase, a pyrroloquinoline-quinone synthase, an L-amino acid oxidase, 

an L-glutamate oxidase, a polyamine oxidase, an NAD(P)H oxidase, aurate oxidase, a 

hydroxylamine oxidase, a thiol oxidase, a glutathione oxidase, a cytochrome c oxidase, a 

xanthine oxidase and a superoxide dismutase. 

 

 14. A cosmetic method of lightening a skin and/or hair of a subject, the 

method comprising contacting a skin and/or hair region of the subject with a 

composition comprising a lignin peroxidase, an oxidizing mediator, a hydrogen 

peroxide-producing enzyme and a substrate of said hydrogen peroxide-producing 

enzyme, thereby lightening the skin and/or hair of the subject, wherein said oxidizing 

mediator is selected from the group consisting of veratryl alcohol, veratrole and 1,4-

dimethoxybenzene. 

 

15. The method of claim 14, wherein said oxidizing mediator is veratryl 

alcohol. 

 

 16. The method of any one of claims 14 to 15, wherein said composition is 

formed by a lignin peroxidase, a hydrogen peroxide-producing enzyme and a substrate 

of said hydrogen peroxide-producing enzyme as packaged within the kit of any one of 

claims 6 to 13. 

 

17. The method of claim 14, wherein said composition is the composition of 

any one of claims 1 to 5.  
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ENZYMATIC SYSTEM-CONTAINING COSMETIC COMPOSITIONS 

 

ABSTRACT 

Cosmetic or pharmaceutical compositions are disclosed herein for application to skin, hair and/or a 
nail of a subject, as well as methods utilizing same for administering hydrogen peroxide to skin, hair 
and/or a nail, and kits for applying same. The compositions comprise a hydrogen peroxide-
producing enzyme, and a substrate of the hydrogen peroxide-producing enzyme. Further disclosed 
herein are cosmetic compositions and kits for lightening skin and/or hair, which further comprise a 
lignin peroxidase, as well as cosmetic methods utilizing same. 

[Fig. 10A] 




