
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0202516 A1 

US 20090202516A1 

Olmstead (43) Pub. Date: Aug. 13, 2009 

(54) INHIBITION AND TREATMENT OF Publication Classification 
GASTRONTESTINAL BOFILMS (51) Int. Cl. 

A638/47 (2006.01) 
A638/46 (2006.01) 

(75) Inventor: Stephen F. Olmstead, Reno, NV CI2O I/37 (2006.01) 
(US) A638/48 (2006.01) 

CI2O I/34 (2006.01) 
Correspondence Address: CI2O 1/40 (2006.01) 
GRAYBEAL UACKSON LLP A63L/70 (2006.01) 
155 - 108THAVENUE NE SUTE 350 (52) U.S. Cl. ... 424/94.61; 424/94.6; 435/24; 424/94.63: 

9 

BELLEVUE, WA 98004-5973 (US) 435/18; 435/22:514/62 
(57) ABSTRACT 

(73) Assignee: ProThera, Inc., Reno, NV (US) Orally administered physiologically acceptable anti-biofilm 
9 Wes. s compositions comprising enzymes and if desired additional 

components such as antimicrobials, antibiotics, antifungals, 
(21) Appl. No.: 12/368,259 herbals, chelating agents, lactoferrin and related compounds, 

minerals, surfactants, binders, and fillers useful for the inhi 
bition and treatment of gastrointestinal biofilms in humans. 

(22) Filed: Feb. 9, 2009 Physiologically acceptable anti-biofilm compositions con 
taining these enzymes are useful in the inhibition, reduction 
and/or treatment of gastrointestinal biofilm infections, and 

Related U.S. Application Data associated systemic symptoms caused by biofilms associated 
microorganisms within the gastrointestinal tract. Methods of 

(60) Provisional application No. 61/065,186, filed on Feb. identification, preparation and use of Such physiologically 
8, 2008. acceptable anti-biofilm compositions are also provided. 



US 2009/02025 16 A1 

INHIBITION AND TREATMENT OF 
GASTRONTESTINAL BOFILMS 

PRIORITY CLAIM 

0001. The present application claims the benefit of 
copending U.S. Provisional Patent Application Ser. No. 
61/065,186, filed Feb. 8, 2008, which application is incorpo 
rated herein by reference in its entirety. 

BACKGROUND 

0002. A “biofilm' is a well known phenomenon and may 
be defined as a population of prokaryotic cells growing on a 
Surface and enclosed in a self-produced matrix of extracellu 
lar polymeric material, which mediates adhesion of the cells 
to each other and to Surfaces. Biofilms are not simply passive 
assemblages of cells that are stuck to Surfaces, but are struc 
turally and dynamically complex biological systems. As com 
pared with cells that are planktonic in nature, bacteria grow 
ing in biofilms exhibit a different phenotype with respect to 
growth rate and gene transcription. See http://en.wikipedia. 
org/wiki/Biofilm. 
0003. Unwanted biofilms have been responsible, for 
example, for the fouling of cooling-water towers, water pipe 
lines, membrane units and food-processing plants. Biofilms 
are notoriously difficult to eradicate. Microbes in industrial 
biofilms are protected from antimicrobial chemicals, environ 
mental bacteriophages, and phagocytic amoebae. (Donlan R 
M, Costerton J. W. Biofilms: Survival mechanisms of clini 
cally relevant microorganisms. Clin Microbiol Rev 2002: 
15167-293.) 
0004. In addition to their importance in industry, biofilms 
may be involved in a significant percentage of human micro 
bial infections (Potera C. Forging a link between biofilms and 
disease. Science 1999; 283: 1837-8). Parsek and Singh pro 
posed four criteria for defining a biofilm etiology of an infec 
tion: the pathogenic bacteria are surface associated or adher 
ent to a substratum: direct examination reveals bacteria in 
clusters, encased in a matrix of bacterial or host constituents; 
the infection is localized; and the infection is resistant to 
antibiotic therapy despite the antibiotic sensitivity of the con 
stituent planktonic organisms (Parsek MR, Singh PK. Bac 
terial biofilms: an emerging link to disease pathogenesis. 
Annu Rev Microbiol 2003:57:677-701) 
0005 Biofilm infections can be involved in the etiology of 
dental caries, periodontal disease, cystic fibrosis (CF) airway 
infections, native valve endocarditis, chronic bacterial pros 
tatitis, otitis media, and vaginal infections. Biofilm microor 
ganisms are also involved in implant-related infections, in 
which adherent microbial populations form on the surfaces of 
catheters, prosthetic heart valves, joint replacements, and 
other devices (Donlan R M. Biofilms and device-associated 
infections. Emerg Infect Dis 2001; 7:277-81.) 
0006. The intestinal tract provides a reservoir for many 
antibiotic-resistant biofilm bacteria, including Enterobacteri 
aceae species, Pseudomonas aeruginosa, and Acinetobacter 
species (Donskey C. J. The role of the intestinal tract as a 
reservoir and Source for transmission of nosocomial patho 
gens. Clin Infect Dis 2004; 39:219-26.) The human opportu 
nistic pathogen, Pseudomonas aeruginosa, is a major cause 
of infection-related mortality among the critically ill patients, 
and carries one of the highest case fatality rates of all gram 
negative infections. Although the lungs have been tradition 
ally considered to be a major site of P aeruginosa infection 
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among critically ill patients, a significant number of these 
infections arise as a result of direct contamination of the 
airways by the gastrointestinal flora or by hematogenous 
dissemination from the intestines to the lung parenchyma. 
Effective methods for the inhibition, reduction and/or treat 
ment of Paeruginosa would have a significantimpact for this 
condition. 
0007. With respect to biofilms in the gut, it is now known 
that bacteria can exist for example as biofilms on the colonic 
epithelium, within the mucus layer covering it, and on food 
particles in the lumen. (MacFarlane S. MacFarlane G.T. Com 
position and metabolic activities of bacterial biofilms colo 
nizing food residues in the gastrointestinal tract. Appl Environ 
Microbiol 2006: 72:6204-11; Probert H M, Gibson G. R. 
Bacterial biofilms in the human gastrointestinal tract. Curr 
Issues Intest Microbiol 2002: 3:23-7.) 
0008 Gastrointestinal biofilm-associated bacteria include 
Bacteroides ssp., Clostridium ssp., Fusobacterium ssp., 
Klebsiella ssp., Spirochaetes ssp., Pseudomonas aeriginosa, 
Escherichia coli, Helicobacter pylori, Bifidobacterium ssp., 
and gram-positive cocci. 
0009. Thus, there has gone unmet a need for improved 
methods, compositions, etc., related to reduction of biofilms 
within the gut of mammals. The present methods, etc., pro 
vide these and/or other advantages. 

SUMMARY 

0010. The present compositions, medicaments, therapeu 
tics, systems, methods, etc., are directed to the reduction of 
gastrointestinal biofilm(s) in the gut of animals. The methods 
include screening for physiologically acceptable anti-biofilm 
compositions, including for example nutraceutical, therapeu 
tic, or pharmaceutical compositions, comprising anti-biofilm 
enzymes and other components suitable for oral ingestion by 
mammals such as humans, and methods of making and using 
or administering Such compositions. 
0011. In one aspect, the present compositions, methods, 
etc., are directed to screening digestive enzymes in biofilm 
models to identify useful enzymes and compositions for the 
physiologically acceptable anti-biofilm compositions, treat 
ment methods, etc., discussed herein. Such enzymes may be 
screened as single agents, mixtures of agents, or in combina 
tion with antimicrobial agents, chelating agents, lactoferrin, 
herbals or other components as desired. 
0012. In another aspect, the present physiologically 
acceptable anti-biofilm compositions, methods, etc., are also 
directed to the use of digestive enzymes for the inhibition and 
reduction of pathogenic biofilm in the gastrointestinal tract of 
humans. 
0013 For example, the physiologically acceptable anti 
biofilm compositions, methods, etc., can be directed to the 
use of cellulases, hemicellulases, lysozyme, pectinases, amy 
lases, DNase I, Serratia peptidase, and other hydrolases that 
are capable of digesting the exopolysaccharide and exopro 
tein matrix of biofilms. 
0014. The present physiologically acceptable anti-biofilm 
compositions, methods, etc., are also directed to oral physi 
ologically acceptable anti-biofilm compositions for the inhi 
bition and treatment of pathogenic gastrointestinal biofilms in 
humans. 
0015. In certain embodiments, the present physiologically 
acceptable anti-biofilm compositions, methods, etc., are 
directed to agents that are foodborne, waterborne or are noso 
comial. Some embodiments are further directed to biofilm 
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infections that are antibiotic-resistant and/or recurrent. The 
physiologically acceptable anti-biofilm compositions, etc., 
may be used in conjunction with antibiotics orantimicrobials. 
In addition these physiologically acceptable anti-biofilm 
compositions may be used in patients whose biofilm infec 
tions have failed to respond to antibiotics or antimicrobials. 
0016. The present physiologically acceptable anti-biofilm 
compositions, methods, etc., are also directed to the inhibi 
tion and treatment of biofilm infections caused by bioterrorist 
agents. 
0017. These and other aspects, features, and embodiments 
are set forth within this application, including the following 
Detailed Description. Unless expressly stated otherwise, all 
embodiments, aspects, features, etc., can be mixed and 
matched, combined, and permuted in any desired manner. 

DETAILED DESCRIPTION 

0.018. Gastrointestinal biofilms in mammals have been 
implicated in a variety of possible diseases, either as causing 
Such diseases or making them worse. The present composi 
tions, systems, methods, etc., are directed to the reduction of 
gastrointestinal biofilm(s) in the gut of animals. The methods 
include inhibiting, treating, or reducing biofilms in the gas 
trointestinal system. 

Screening For Anti-Biofilm Enzymes 

0019. Biofilm devices, such as the Calgary Biofilm Device 
(Ceri et al., 1999; U.S. Pat. No. 7,041,470) can be modified, 
for example, to be used in conjunction with the present meth 
ods, to identify physiologically acceptable anti-biofilm com 
positions, etc., to screen for enzymes that are (a) orally avail 
able; (b) generally recognized as safe (GRAS); (c) are known 
to or can be established to retain their activity during passage 
through the stomach; and (d) are active in disrupting biofilms 
in model systems. Other devices that are suitable for the study 
of biofilms afflicting humans may be used. As discussed in 
Ceri, a Calgary Biofilm Device (CBD) provides for rapid and 
reproducible assay of biofilm susceptibilities to antibiotics 
using 96 equivalent biofilms in a standard 96-well plate (or 
other suitable number as desired), which biofilms are then 
exposed to the antibiotics under investigation. In the present 
discussion, Such screening biofilms are exposed to enzyme 
concentrations, etc., as discussed herein. Biofilm formation 
can be, for example, followed by quantitative microbiology 
and scanning electron microscopy. 
Exemplary Enzymes that Treat, Inhibit, Etc., Biofilms 
0020 Bacterial growth on a gastrointestinal surface often 
involves the self-production of a polysaccharide-rich extra 
cellular matrix that provides structural support for the forma 
tion of biofilm communities. Enzymes that disrupt the biofilm 
matrices of these organisms within the gastrointestinal tract 
are the subject of the methods, etc., herein. 
0021. The particular enzyme(s) to be used may be selected 
according to the properties, if known, of the specific biofilm 
to be removed, or a combination of several enzymes having 
different enzyme activities may be used. The composition of 
the extracellular matrix is complex and variable among dif 
ferent bacterial species and even within the same species 
under different environmental conditions. Despite their het 
erogeneous composition, exopolysaccharides are a typical 
compound of the biofilm matrix, providing the framework 
into which microbial cells are inserted. Among the many 
different exopolysaccharides that have been described, cellu 
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lose and B-1.6-linked N-acetylglucosamine appear to be the 
most common components of the biofilm matrix of many 
different bacteria. 

0022. In one aspect the suitable, physiologically accept 
able anti-biofilm compositions, etc., herein comprises an 
amount of anti-polymeric B-1,6-N-acetyl-D-glucosamine 
(poly-8-1.6-GlcNAc) agents to Substantially disperse poly 
B-1,6-GlcNAc and thus capable of significant biofilm degra 
dation. E.g., see Itoh Y. Wang X, Hinnebusch BJ, Preston JF, 
Romeo T. Depolymerization of B-1,6-N-acetyl-D-glu 
cosamine disrupts the integrity of diverse bacterial biofilms. J 
Bacteriol 2005; 187: 382-7) In some embodiments, for this 
and other agents, either alone or in combination, such signifi 
cant reduction means, if measured in vitro, a log reduction of 
1, typically 1.5, or 3.0-3.8 or better. In vivo, such significant 
reduction can be substantial reduction of one or more symp 
toms associated with a biofilm infection, or even substantial 
elimination of one or more symptoms associated with a bio 
film infection. Exemplary anti-GlcNAc-agents include a pre 
viously identified -hexosaminidase and biofilm-dispersing 
enzyme of A. actinomycetemcomitans, DspB or dispersin B, 
which specifically hydrolyzes the glycosidic linkages of 
poly-f-1,6-GlcNAc and disrupts bacterial biofilm (Kaplan J 
B. Ragunath C. Ramasubbu N. Fine D.H. 2003. Detachment 
of Actinobacillus actinomycetemcomitans biofilm cells by an 
endogenous B-hexosaminidase activity. J Bacteriol 2003: 
185:4693-8). Dispersin B cleaves f(1,6)-linked N-acetylglu 
cosamine polymer using a catalytic machinery similar to 
other family 20 hexosaminidases which cleave B(1,4)-linked 
N-acetylglucosamine residues. Dispersin B and similar hex 
osaminidases with activity in biofilms are suitable for use in 
the methods, physiologically acceptable anti-biofilm compo 
sitions, etc., discussed herein. The anti-poly-f-1,6-GlcNAc 
agents can be used with, or instead of cellulase, discussed 
further below, although typically they are used together. 
0023. In one aspect the suitable, physiologically accept 
able anti-biofilm compositions comprise a cellulase in an 
amount capable of significant biofilm degradation. Such cel 
lulases can have activity, against for example, cellulose in a 
Salmonella biofilm or others. Cellulase refers to a class of 
enzymes produced chiefly by fungi, bacteria, and protozoans 
that catalyze the hydrolysis of cellulose. However, there are 
also cellulases produced by other types of organisms such as 
plants and animals. Cellulases that have been used as diges 
tive enzymes are known to be acid-stable. These include but 
are not limited to cellulases from Aspergillus species. Several 
different kinds of cellulases are known, which differ structur 
ally and mechanistically. The EC number for this group of 
enzymes is EC 3.2.1.4. The reaction catalyzed is the endohy 
drolysis of 1,4-B-D-glycosidic linkages in cellulose. Other 
names for cellulase are: Endoglucanase, endo-1,4-B-gluca 
nase, carboxymethyl cellulose, endo-1,4-B-D-glucanase, 
B-1,4-glucanase, B-1,4-endoglucan hydrolase, celludextri 
nase, avicelase. Cellulases have been used in vitro in the 
disruption of biofilms on medical implants under acidic pH 
conditions (Loiselle M. Anderson KW. The use of cellulase in 
inhibiting biofilm formation from organisms commonly 
found on medical implants. Biofouling 2003; 19:77-85.) In 
typical embodiments, the cellulase(s) herein are resistant to 
denaturation/inactivation at a pH range of 1.0 to 5.0 and 10 to 
14, possesses hydrolytic activity across a pH span of 1 to 14. 
has effective hydrolytic activity within the gastric environ 
ment at a fasting pH of 1.0 to 3.0 and in the presence of food 
and otheringested material, and/or possesses effective hydro 
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lytic activity at a pH of 6.5 to 7.5 encompassing physiologic 
ph in the Small intestines and colon. 
0024 Commercial sources of cellulases, hemicellulases 
and other enzymes that may be used include the following: 
Deerland Enzymes, Kennesaw, Ga. (www.deerlandenzymes. 
com); National Enzyme Company (www.nationalenzyme. 
com), Specialty Enzymes (www.specialtyenzymes.com); 
and others. The enzymes may be derived from any suitable 
Source Such as plant, bacterial, fungal or animal sources. 
0025. In one embodiment, the physiologically acceptable 
anti-biofilm composition comprises cellulase, hemicellulase/ 
pectinase complex, B-gluconase, acid protease, alkaline pro 
tease, and Serratia peptidase with at least one pharmaceuti 
cally acceptable carrier, diluents, excipients, buffers, or 
adjuvants. Pharmaceutically acceptable carriers or diluents, 
excipients, buffers, adjuvants, and the like are nontoxic to 
recipients at the dosages and concentrations employed. 
0026 Inafurther embodiment, the amount of cellulase per 
oral dose is about 100-300 CU, and typically about 200 CU: 
the amount of hemicellulase/pectinase complex is about 
60-100 HSU, and typically about 80 HSU; the amount of 
B-gluconase is about 6-10 BGU, and typically about 8 BGU: 
the amount of acid protease is about 15-25 SAP, and typically 
about 20 SAP; and, the amount of alkaline protease is about 
15-25 HUT, and typically about 20 HUT. 
0027. Instill further embodiments, the amount of cellulase 
per oral dose ranges from 1 to 10,000 CU, the amount of 
hemicellulase/pectinase complex ranges from 1 to 8,000 
HSU, the amount of B-gluconase ranges from 1 to 1000BGU, 
the amount of acid protease ranges from 1 to 10,000 SAP and 
the amount of alkaline protease ranges from 1 to 40,000 HUT. 
0028. In a further embodiment, the physiologically 
acceptable anti-biofilm composition comprises cellulase, 
hemicellulase/pectinase complex, B-gluconase, acid pro 
tease, alkaline protease, Serratia peptidase, and any one or 
more of the following in an amount capable an amount 
capable of significant biofilm degradation: disaccharides, 
amylase, C.-amylase, B-amylase, glucoamylase, endogluca 
nase, Xylanase, lipase, lysozyme, any enzyme Such as a pro 
tease, peptidase or protease/peptidase complex with dipepti 
dyl peptidase IV (DPP-IV) activity, chitosanase, bromelain, 
papain, ficin, kiwi protease, any plant-derived protease or 
proteinase, or phytase. 
0029. In a further embodiment, the physiologically 
acceptable anti-biofilm composition is composed of cellu 
lase, hemicellulase/pectinase complex, B-gluconase, acid 
protease, alkaline protease, Serratia peptidase, and any one or 
more of the following specific enzymes in an amount capable 
of biofilm degradation: 1.2-1.3-O-D-mannan mannohydro 
lase, 1,3-B-D-Xylanxylanohydrolase, 1,3-B-D-glucan glu 
canohydrolase, 1.3(1.3; 1,4)-O-D-glucan 3-glucanohydro 
lase, 1.3(1.3; 1,4)-B-D-glucan 3(4)-glucanohydrolase, 1.3-1. 
4-O-D-glucan 4-glucanohydrolase, 1,4-O-D-glucan 
glucanehydrolase, 1,4-O-D-glucan glucohydrolase, 1,4-(1.3: 
1,4)-B-D-glucan 4-glucanohydrolase, 1,4-B-D-glucan gluco 
hydrolase, 1,4-B-D-Xylan Xylanohydrolase, 1,4-B-D-mannan 
mannanohydrolase, 1.5-O-L-arabinanohydrolase, 1,4-O-D- 
glucan maltohydrolase, 1,6-O-D-glucan 6-glucanohydrolase, 
2,6-B-fructan fructanohydrolase, C-dextrin 6-glucanohydro 
lase, C-D-galactoside galactohydrolase, C-D-glucoside glu 
cohydrolase, C-D-mannoside mannohydrolase, acylneurami 
nyl hydrolase, Aerobacter-capsular-polysaccharide 
galactohydrolase, B-D-fructofuranoside fructohydrolase, 
B-D-fucoside fucohydrolase, C.-D-fructan fructohydrolase, 
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B-D-galactoside galactohydrolase, B-D-glucoside glucohy 
drolase, B-D-glucuronoside, glucuronosohydrolase, B-D- 
mannoside mannohydrolase, B-N-acetyl-D-hexosaminide 
N-acetylhexosamino hydrolase, cellulose-sulfate sulfohy 
drolase, collagenase, dextrin 6-O-D-glucanohydrolase, gly 
coprotein-phosphatidylinositol phosphatidohydrolase, 
hyaluronate 4-glycanohydrolase, hyaluronoglucuronidase, 
pectin pectylhydrolase, peptidoglycan N-acetylmuramoyl 
hydrolase, phosphatidylcholine 2-acylhydrolase, phosphati 
dylcholine 1-acylhydrolase, poly(1,4-O-D-galacturonide), 
poly(1,4-(N-acetyl-B-D-glucosaminide))-glycanohydrolase, 
proteases, sucrose C-glucosidase, triacylglycerol acylhydro 
lase, triacylglycerol protein-acylhydrolase. 
0030. Another group of enzymes that may be employed in 
the methods, etc. herein is a Sub-group of serine proteases 
commonly designated as Subtilisins. A subtilisin is a serine 
protease produced by Gram-positive bacteria or fungi. The 
amino acid sequences of a number of Subtilisins have been 
determined, including at least six Subtilisins from Bacillus 
strains, namely, subtilisin 168, subtilisin BPN, subtilisin 
Carlsberg, subtilisin DY. Subtilisin amylosacchariticus, and 
mesentericopeptidase, one Subtilisin from an actinomyc 
etales, thermitase from Thermoactinomyces vulgaris, and one 
fungal subtilisin, proteinase K from Tritirachium album. 
0031. An exemplary lipase as discussed above can be a 
microbial lipase. As such, the lipase may be selected from 
yeast lipases, e.g., Candida, and bacterial lipases, e.g. 
Pseudomonas or Bacillus, lipases; or fungal, e.g., Humicola 
or Rhizomucor 
0032 Examples of amylases useful in the methods, etc., 
herein include Bacillus amylases, e.g., Bacillus Stearother 
mophilus amylase, Bacillus amyloliquefaciens amylase, 
Bacillus subtilis amylase or Bacillus licheniformis amylase or 
Aspergillus amylases, e.g. Aspergillus niger or Aspergillus 
Oryzae amylase. 
0033. Another group of enzymes useful in the methods, 
etc., herein include pectinases belonging to the enzyme 
classes polygalacturonases (EC3.2.1.15), pectinesterases 
(EC3.2.1.11), pectin lyases (EC4.2.2.10) and hemicellulases 
such as endo-1,3-B-xylosidase (EC 3.2.1.32), xylan 1,4-B- 
xylosidase (EC 3.2.1.37) and C-L-arabinofuranosidase (EC 
3.2.1.55). A suitable source organism for pectinases may be 
Aspergillus niger or Aspergillus aculeatus. 
0034 Lysozyme, also known as muramidase or N-acetyl 
muramide glycanhydrolase, is a 14.4 kilodalton enzyme (EC 
3.2.1.17) that damages bacterial cell walls by catalyzing 
hydrolysis of 1,4-B-linkages between N-acetylmuramic acid 
and N-acetyl-D-glucosamine residues in a peptidoglycan and 
between N-acetyl-D-glucosamine residues in chitodextrins. 
Lysozyme is found in saliva, tears, and polymorphonucleo 
cytes and has known antibacterial activity. The enzyme func 
tions by attacking peptidoglycans (found in the cells walls of 
bacteria, especially Gram-positive bacteria) and hydrolyzing 
the glycosidic bond that connects N-acetylmuramic acid with 
the fourth carbon atom of N-acetylglucosamine. Lysozyme 
has been used in the treatment of otitis media and sinusitis 
(U.S. Pat. No. 7,060,674). Oral lysozyme compositions have 
been used in the treatment of various conditions in humans, 
including arthritis (U.S. Pat. No. 7,229,809). 
0035 Another enzyme that may be employed in the meth 
ods, etc. herein is deoxyribonuclease I (DNase I), a phos 
phodiesterase capable of hydrolyzing polydeoxyribonucleic 
acid. DNase I has been purified from various species to vari 
ous degrees. DNase I, when inhaled, affects the capability of 
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P. aeruginosa to form biofilms in the lungs in the initial 
development stages. DNase I hydrolyzes the DNA present in 
sputum/mucus of cystic fibrosis patients and reduces viscos 
ity in the lungs, promoting improved clearance of secretions. 
Enzymes that are acid-stable are candidates for use in con 
junction with the methods, physiologically acceptable anti 
biofilm compositions, etc., discussed herein. DNase I activi 
ties are classifiable into three groups on the basis of their 
different tissue distributions of DNase I. DNase I of parotid 
type is secreted from the parotid gland and must pass through 
the very acidic conditions in the stomach. 
0036. The physiologically acceptable anti-biofilm compo 
sitions, methods, etc., herein are to be taken by mouth, typi 
cally at least 1 hour before or 1 hour after a meal or consump 
tion of food. The physiologically acceptable anti-biofilm 
compositions, methods, etc., herein are typically to be taken 2 
to 4 times per day (other intervals may be appropriate in 
certain circumstances) and the regimen is typically to be 
followed for an extended period, for example at least about 1 
or 2 months. 

0037. The enzyme preparation may be combined with a 
natural antimicrobial Such as oil of oregano, berberine, or 
undecylenic acid or with a prescription antibiotic or antimi 
crobial. The enzyme preparation may be combined with the 
oral intake of one or more probiotic microorganisms. The 
World Health Organization defines probiotic organisms as 
live microorganisms that when administered in adequate 
amounts confer a health benefit on the host. The enzyme 
preparation may be combined with one or more prebiotics. A 
prebiotic is defined as “selectively fermented ingredients that 
allow specific changes, both in the composition and/or activ 
ity in the gastrointestinal microflora that confer benefits upon 
host well-being and health.” (Roberfroid M. Prebiotics: the 
concept revisited. J Nutr 2007: 137(3 Suppl2):830S-7S.) 
0038 Methods related to the compositions, etc., herein 
include methods of screening, making and using, including 
for the manufacture of medicaments. 

0039 For example, the methods include methods of 
screening for a physiologically acceptable anti-biofilm com 
position Suitable for oral administration to a mammal while 
retaining effectiveness in the gut, the method comprising, 
providing a significant plurality of samples of a live target 
biofilm on at least one substrate; applying to each of the 
plurality of samples one of range of doses of a candidate 
anti-biofilm agent selected from the group comprising acid 
stable cellulase and an anti-biofilm anti-polymeric B-1,6-N- 
acetyl-D-glucosamine (poly-B-1,6-GlcNAc) agent, under 
conditions The samples of the target biofilm can grow absent 
a significant anti-biofilm effect due to the candidate anti 
biofilm agent; and, determining whether each of the range of 
doses of candidate anti-biofilm agent inhibited growth of its 
respective sample. 
0040. The methods can further comprise screening both 
the anti-biofilm acid-stable cellulase and the anti-biofilm 
anti-poly-8-1.6-GlcNAc agent. The anti-biofilm anti-poly-8- 
1.6-GlcNAc agent can be a hexosaminidase Such as Dispersin 
B. The methods can further comprise screening at least one of 
an acid-stable hemicellulase/pectinase complex, B-glucon 
ase, acid protease, alkaline protease, or Serratia peptidase. 
The amount of cellulase can be equivalent to a dose of about 
100-300 CU, the amount of hemicellulase/pectinase complex 
can be about 60-100 HSU, the amount of B-gluconase can be 
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about 6-10 BGU, the amount of acid protease can be about 
15-25 SAP, and the amount of alkaline protease can be about 
15-25 HUT. 

0041. The methods can also comprise screening at least 
one an acid-stable agent selected from the following: a dis 
accharide; amylase, C.-amylase; B-amylase; glucoamylase; 
endoglucanase, Xylanase; lipase; lysozyme; an enzyme with 
dipeptidyl peptidase IV (DPP-IV) activity; chitosanase; bro 
melain; papain; ficin, kiwi protease; any plant-derived pro 
tease or proteinase, or phytase. The lipase can be a microbial 
lipase, Such as from at least one of Candida, Pseudomonas, 
Bacillus, Humicola or Rhizomucor. The amylase can be at 
least one of a Bacillus amylase or Aspergillus amylase. The 
screen can comprise at least one pectinase that can be at least 
one of a polygalacturonase (EC3.2.1.15), pectinesterase 
(EC3.2.1.11), pectin lyase (EC4.2.2.10) or hemicellulase. 
The pectinase can be at least one an Aspergillus niger pecti 
nase or Aspergillus aculeatus pectinase. 
0042. The methods can further comprise screening at least 
one of the following: 1.2-1.3-O-D-mannan mannohydrolase, 
1,3-B-D-Xylanxylanohydrolase, 1,3-B-D-glucan glucanohy 
drolase, 1.3(1.3; 1,4)-C-D-glucan 3-glucanohydrolase, 1.3(1. 
3, 1,4)-3-D-glucan 3(4)-glucanohydrolase, 1,3-1,4-O-D-glu 
can 4-glucanohydrolase, 1,4-O-D-glucan glucanehydrolase, 
1,4-O-D-glucan glucohydrolase, 1,4-(1,3:1,4)-B-D-glucan 
4-glucanohydrolase, 1,4-B-D-glucan glucohydrolase, 1,4-B- 
D-Xylan Xylanohydrolase, 1,4-B-D-mannan mannanohydro 
lase, 1.5-O-L-arabinanohydrolase, 1,4-O-D-glucan maltohy 
drolase, 1,6-O-D-glucan 6-glucanohydrolase, 2,6-B-fructan 
fructanohydrolase, C.-dextrin 6-glucanohydrolase, C.-D-ga 
lactoside galactohydrolase, C.-D-glucoside glucohydrolase, 
C-D-mannoside mannohydrolase, acylneuraminyl hydrolase, 
Aerobacter-capsular-polysaccharide galactohydrolase, B-D- 
fructofuranoside fructohydrolase, B-D-fucoside fucohydro 
lase, C-D-fructan fructohydrolase, 3-D-galactoside galacto 
hydrolase, B-D-glucoside glucohydrolase, B-D- 
glucuronoside, glucuronosohydrolase, B-D-mannoside 
mannohydrolase, B-N-acetyl-D-hexosaminide N-acetylhex 
osamino hydrolase, cellulose-Sulfate Sulfohydrolase, colla 
genase, dextrin 6-O-D-glucanohydrolase, glycoprotein-phos 
phatidylinositol phosphatidohydrolase, hyaluronate 
4-glycanohydrolase, hyaluronoglucuronidase, pectin pectyl 
hydrolase, peptidoglycan N-acetylmuramoylhydrolase, 
phosphatidylcholine 2-acylhydrolase, phosphatidylcholine 
1-acylhydrolase, poly(1,4-O-D-galacturonide), poly(1,4-(N- 
acetyl-B-D-glucosaminide))-glycanohydrolase, proteases, 
Sucrose C-glucosidase, triacylglycerol acylhydrolase, tria 
cylglycerol protein-acylhydrolase. 
0043. The methods can further comprise screening an 
acid-stable subtilisin, an acid-stable DNAse I, oil of oregano, 
berberine, undecylenic acid, a prescription antibiotic, a pre 
Scription antimicrobial, a probiotic microorganism or a pre 
biotic. 

0044. In some aspects, the methods comprise inhibiting a 
gastrointestinal biofilm infection in a mammal, the method 
comprising: identifying the presence of the gastrointestinal 
biofilm infection, orally administering to the mammalathera 
peutically effective amount of at least one anti-biofilm agent 
comprising an acid-stable cellulase oran anti-polymeric B-1, 
6-N-acetyl-D-glucosamine (poly-B-1,6-GlcNAc) agent in at 
least one pharmaceutically acceptable carrier, in an amount 
and for a time sufficient to cause significant biofilm degrada 
tion within the gastrointestinal system of the mammal. In 
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further embodiments the methods comprise administering 
one or more of the other aspects of the compositions, etc., 
herein. 
0045. The composition can be for use as an active thera 
peutic Substance, for use in the manufacture of a medicament 
for inhibiting or treating a gastrointestinal biofilm in a mam 
mal, or for manufacturing a medicamentable to reduce Symp 
toms associated with a gastrointestinal biofilm in a human 
patient, for example comprising combining a pharmaceuti 
cally effective amount of at least one of an anti-biofilm acid 
stable cellulase or an anti-biofilm anti-polymeric B-1,6-N- 
acetyl-D-glucosamine (poly-B-1,6-GlcNAc) agent in an 
amount capable of significant biofilm degradation with at 
least one of a pharmaceutically acceptable carrier, adjuvant, 
excipient, buffer and diluent. 

Exemplary Biofilm Targets 
0046 Exemplary target biofilm organisms, including both 
indigenous and biofilm infectious organisms are discussed 
below. 

Enterococci 

0047 Enterococci, although part of the normal flora of the 
human gastrointestinal tract, have been recognized as an 
important cause of nosocomial infection for over two decades 
and are commonly implicated in urinary tract infections, bac 
teremia, intra-abdominal and Surgical wound infections, 
catheter-related infections, and endocarditis. 

Staphylococcus 
0048 Pathogenic staphylococci can form biofilms in 
which they show a higher resistance to antibiotics and the 
immune defense system than their planktonic counterparts. 
Staphylococcus aureus is a common pathogen associated 
with nosocomial infections. It can persist in clinical settings 
and gain increased resistance to antimicrobial agents through 
biofilm formation. Staphylococcus aureus is among the lead 
ing pathogens causing bloodstream infections able to form 
biofilms on host tissue and indwelling medical devices and to 
persist and cause disease. Infections caused by S. aureus are 
becoming more difficult to treat because of increasing resis 
tance to antibiotics (e.g., Vancomycin or methicillin-resistant 
Staphylococcus aureus). In a biofilm environment particu 
larly, microbes exhibit enhanced resistance to antimicrobial 
agents. 

Pseudomonas 

0049. The human opportunistic pathogen, Pseudomonas 
aeruginosa, is a major cause of infectious-related mortality 
among the critically ill patients, and carries one of the highest 
case fatality rates of all gram-negative infections. Although 
the lungs have been traditionally considered to be a major site 
of P aeruginosa infection among critically ill patients, a 
significant number of these infections arise as a result of 
direct contamination of the airways by the gastrointestinal 
flora or by hematogenous dissemination from the intestine to 
the lung parenchyma. Pseudomonas aeruginosa causes 
severe infections in immunologically compromised patients 
and is a major pathogen in cystic fibrosis patients. An impor 
tant virulence mechanism is the formation of a mucoid bio 
film. Secreted alginate is a crucial constituent of the mucoid 
biofilm matrix. However, alginate-negative mutants of P 
aeruginosa are also able to form nonmucoid biofilms, show 
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ing an architecture different from that of biofilms formed by 
alginate-overproducing mucoid P. aeruginosa (Nivens D E. 
Ohman DE, Williams J. Franklin M.J. Role of alginate and its 
0 acetylation in formation of Pseudomonas aeruginosa 
microcolonies and biofilms. J Bacteriol 2001; 183:1047-57: 
Wozniak DJ, Wyckoff T.J. Starkey M, Keyser R, Azadi P. 
O'Toole GA, Parsek MR. Alginate is not a significant com 
ponent of the extracellular polysaccharide matrix of PA14 
and PAO1 Pseudomonas aeruginosa biofilms. Proc Natl 
AcadSci USA 2003: 100:7907-12.) 
Helicobacter pylori 
0050 H. pylori is one of the more common human patho 
gens infecting 50% of the world's population. It is associated 
with duodenal ulcers, gastric ulcers, gastritis, and gastric 
carcinoma. Treatment of H. pylori is difficult involving mul 
tidrug regimens and lengthy treatment periods. There is a 
10-20% relapse rate. Recent studies document the impor 
tance of biofilms in the pathogenesis of H. pylori disease. 
(Coticchia J M et al. Presence and density of Helicobacter 
pylori biofilms in human gastric mucosa in patients with 
peptic ulcer disease. J Gastrointest Surg. 2006; 10:883-9) An 
oral multienzyme formulation holds great promise to facili 
tate the elimination of H. pylori biofilm and the eradication of 
H. pylori pathogens thereby reducing the risk of gastritis, 
peptic ulcer disease, and gastric cancer. 

Listeria 

0051. The foodborne pathogen Listeria is the causative 
agent of listeriosis, a severe disease where the overt form has 
a severe mortality greater than 25%. Listeria monocytogenes 
can Survive and grow over a wide range of environmental 
conditions such as refrigeration temperatures, low pH and 
high salt concentration. This allows the pathogen to overcome 
food preservation and safety barriers, and pose apotential risk 
to human health. Listeria monocytogenes may specifically be 
found in raw foods, such as unpasteurized fluid milk, raw 
Vegetables, raw and cooked poultry. It has the ability to grow 
at low temperatures; thus, allowing it to grow in refrigerated 
foods. Listeria monocytogenes was thought to be exclusively 
associated as infections in animals, but recently, this patho 
genic species has also been isolated, in its dormant form, in 
the intestinal tract of Small percentage of the human popula 
tion (Rouquette C, Berche P. The pathogenesis of infection by 
Listeria monocytogenes. Microbiologia 1996: 12:245-58). 

Campylobacter 

0.052 Campylobacter jejuni is a species of curved, rod 
shaped, Gram-negative microaerophilic, bacteria commonly 
found in animal feces. It is one of the most common causes of 
human gastroenteritis in the world. Food poisoning caused by 
Campylobacter species can be severely debilitating but is 
rarely life-threatening. It has been linked with subsequent 
development of Guillain-Barre syndrome (GBS), which usu 
ally develops two to three weeks after the initial illness. 
Contaminated food is a major source of isolated infections, 
with incorrectly prepared meat and poultry normally the 
source of the bacteria. Infection with C. jejuni usually results 
in enteritis, which is characterized by abdominal pain, diar 
rhea, fever, and malaise. The major gastrointestinal pathogen 
Campylobacter jejuni is shown to exist as three forms of 
monospecies biofilm in liquid culture. (Joshua GW, Guthrie 
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Irons C, Karlyshev A. V. Wren B W. Biofilm formation in 
Campylobacter jejuni. Microbiology 2006: 152(Pt 2):387 
96.) 
Bacillus anthracis 
0053 Bacillus anthracis is a Gram-positive, endospore 
forming bacterium and is the aetiological agent of pulmonary, 
gastrointestinal and cutaneous anthrax. In endemic areas in 
which humans and livestock interact, chronic cases of cuta 
neous anthrax are commonly reported. Currently, there are 
few data known to the inventor that account for the impor 
tance of the biofilm mode of life in B. anthracis, yet biofilms 
have been characterized in other pathogenic and non-patho 
genic Bacillus species, including Bacillus cereus and Bacillus 
subtilis, respectively. B. anthracis readily forms biofilms 
which are inherently resistant to commonly prescribed anti 
biotics. (Lee K. Costerton J W. Ravel J. Auerbach RK, Wag 
ner D M. Keim P. Leid J. G. Phenotypic and functional char 
acterization of Bacillus anthracis biofilms. Microbiology 
2007: 153(Pt6): 1693-701) 

Yersinia 

0054 Yersiniosis is an infectious disease caused by a bac 
terium of the genus Yersinia. In the United States, most 
human illness is caused by one species, Y, enterocolitica. 
Infection with Y. enterocolitica occurs most often in young 
children. Common symptoms in children are fever, abdomi 
nal pain, and diarrhea. Gastrointestinal symptoms are com 
mon in both the acute and chronic states of yersiniosis. Infec 
tion is most often acquired by eating contaminated food, 
especially raw or undercooked pork products. Drinking con 
taminated unpasteurized milk or untreated water can also 
transmit the infection. 
0055 Yersinia pestis, the causative agent of bubonic 
plague, is transmitted to rodents and humans by the bites of 
fleas whose proventriculi are blocked by a dense mass of the 
biofilm bacteria. (Tan L. Darby C. A movable surface: forma 
tion of Yersinia sp. biofilms on motile Caenorhabditis 
elegans. J. Bacteriol. 2004; 186:5087-92.) The blockage 
starves the flea and stimulates it to bite repeatedly in search of 
blood meals, thus spreading the bacteria to new hosts. Biofilm 
models using Caenorhabditis elegans may be used to identify 
enzymes that kill Yersinia biofilms (Styer KL, Hopkins G. W. 
Bartra SS, Plano G. V. Frothingham R. Aballay A. Yersinia 
pestis kills Caenorhabditis elegans by a biofilm-independent 
process that involves novel virulence factors. EMBO reports 
2005; 10:992-7) 

Brucella Species 
0056 Humans are generally infected in one of three ways: 
eating or drinking something that is contaminated with Bru 
cella, breathing in the organism (inhalation), or having the 
bacteria enter the body through skin wounds. The most com 
mon way to be infected is by eating or drinking contaminated 
milk products. 

Salmonella 

0057 Salmonella enterica, a foodborne pathogen that 
causes salmonellosis, is caused by the ingestion of bacteria 
that invade the intestinal epithelium and multiply there. Sal 
monella enterica is known to form biofilms, and its attach 
ment to, and growth on, eukaryotic cells is facilitated by 
exopolysaccharides (Ledeboer & Jones, 2005). Most persons 
infected with Salmonella develop diarrhea, fever, and 
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abdominal cramps 12 to 72 hours after infection. The illness 
usually lasts 4 to 7 days, and most persons recover without 
treatment. However, in some persons the diarrhea may be so 
severe that the patient needs to be hospitalized. In these 
patients, the Salmonella infection may spread from the intes 
tines to the blood stream, and then to other body sites and can 
cause death unless the person is treated promptly. 

Shigella 

0058. There are several different kinds of Shigella bacte 
ria: Shigella sonnei, also known as “Group D Shigella, 
accounts for over two-thirds of the shigellosis in the United 
States. Shigellosis is an infectious disease caused by a group 
of bacteria called Shigella. Most who are infected with Shi 
gella develop diarrhea, fever, and stomach cramps starting a 
day or two after they are exposed to the bacterium. Some 
Shigella bacteria have become resistant to antibiotics. A sec 
ond type, Shigella flexneri, or 'group B' Shigella, accounts 
for almost all of the rest. Other types of Shigella continue to 
be important causes of disease in the developing world. One 
type found in the developing world, Shigella dysenteriae type 
1, causes deadly epidemics there. 

Typhi (Typhoid Fever) 
0059 Salmonella enterica serovar Typhi causes typhoid 
fever, an enteric fever that is potentially fatal. Asymptomatic 
carriers may carry bacteria in the gallbladder. Salmonella 
typhi lives only in humans. Persons with typhoid fever carry 
the bacteria in their bloodstream and intestinal tract. In addi 
tion, a Small number of persons, called carriers, recover from 
typhoid fever but continue to carry the bacteria. Both ill 
persons and carriers shed S. typhi in their feces (stool). Sal 
monella typhi is transmitted in contaminated food, water and 
beverages. A system was recently developed to analyze sal 
monella biofilm formation on glass coverslips (Prouty AM, 
Schwesinger W. H. Gunn J S. Biofilm formation and interac 
tion with the Surfaces of gallstones by Salmonella spp. Infect 
Immun 2002; 70:2640-9.) 
Escherichia coli 
0060 Enterotoxigenic Escherichia coli targets the small 
intestine where the barrier effect of the autochthonous micro 
flora is low due to higher acidity and peristaltic movements in 
this region. This organism adheres to and colonizes the mucus 
in order to elicit a pathogenic effect (Knutton S. Lloyd DR, 
Candy D. C. McNeish A S. In vitro adhesion of enterotoxi 
genic Escherichia coli to human intestinal epithelial cells 
from mucosal biopsies. Infect Immun 1984; 44:514-8.) This 
means that the pathogen and/or its toxins can readily adhere to 
exposed eneterocytes and invade the host. 
Vibrio cholerae (Cholera) 
0061 Vibrio cholerae is a Gram-negative, facultative 
pathogen that is the causative agent of cholera, a devastating 
diarrheal disease that affects millions of people in the devel 
oping world each year, it survives in aqueous reservoirs, 
probably in the form of biofilms. 
Entamoeba histolytica 
0062 Invasive intestinal amebiasis, caused by Entamoeba 
histolytica, is initiated with attachment of trophozoites to the 
colonic mucous layer, mucous disruption and/or depletion, 
and adherence to and cytolysis of host epithelial and inflam 
matory cells. A current working model of intestinal amebiasis 
Suggests that the microenvironment of the host intestine, par 
ticularly intestinal mucins and the bacterial biofilm, may 
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influence the behavior of pathogenic amebae. Enzymes that 
disrupt bacterial biofilm will be useful in the inhibition and 
treatment of amebiasis. 

EXAMPLES 

Example 1 

Documenting a Multienzyme Formulation Antibiof 
lm Activity 

0063. Initial experiments were conducted with an multi 
enzyme formulation consisting of Cellulase 2000 CU. Glu 
coamylase—50 AGU, Hemicellulase/Pectinase 300 HSU, 
Beta-glucanase—100 BGU, Protease/peptidase complex 
w/DPP-IV activity—100,000 HUT, Chitosanase 100 units, 
Lysozyme 200,000 SHU, and Serratia peptidase—1000 
units. These enzyme activities were contained in a 500 mg 
mixture which included 20 mg of L-leucine. The multizyme 
formulation was tested over a series of dilutions from 50 
mg/mL to 0.34 mg/mL. Dilutions were made insterile Cation 
Adjusted Mueller Hinton Broth (CAMHB) or Sabouraud 
Dextrose Broth (SDB) for yeasts. 
0064. The multienzyme formulation was tested in vitro 
against Escherichia coli O157:H7, Kelbsiella pneumoniae 
ATCC 4352, Candida paratropicalis ATCC99916, and Can 
dida albicans SJ2083133. Although Candida albicans forms 
significant biofilms in vivo, it is not a predictable former of 
biofilms in vitro, but it was incorporated in the experiment 
because of its clinical importance. 
0065. The experimental process for high-throughput anti 
microbial Susceptibility testing used a Calgary Biofilm 
Device assay (MBECTMP&G, Innovatech). This standard 
protocol may be divided into a series of steps, which are 
detailed below. 
0066 Growing the organisms and forming the biofilms. 
0067 a. Using a cryogenic stock (at -70° C.), streak out 
a first sub-culture of the bacterial organisms listed above 
on trypticase Soy agar (TSA). 

0068 b. Incubate at 37° C. for 24 hours and store the 
plate wrapped in parafilm at 4°C. 

0069 c. From the first sub-culture, streak out a second 
sub-culture on TSA. Incubate at 37°C. for 24 hours. The 
second sub-culture should be used within 24 hours start 
ing from the time it was first removed from incubation. 

0070 d. Using the second sub-culture create an inocu 
lum in 3 mL sterile water that matches a 0.5 McFarland 
Standard (1.5x10 cells permL) in a glass test tube using 
a sterile cotton Swab. 

(0071 e. Dilute this solution 1:30 in CAMHB (or 1:10 in 
SDB for yeast). 

0072 f. Invert the diluted organism 3-5 times to achieve 
uniform mixing of the organism. 

(0073. g. The cell density will be confirmed by serially 
diluting and spot plating triplicate samples of the inocu 
lum on TSA or SA. 

0074 h. The remaining diluted organism (22 mL) will 
be placed in the troughs of a 96 peg MBECHTP device. 

(0075) i. Place the lid of the 96 peg MBEC device on the 
bottom plate containing organism. 

0076 j. Place the device on a rocker in a humidified 
incubator at 37° C. for 24 hours set at 3-4 rocks per 
minute. 
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0.077 k. Poly-L-lysine plates were used to culture C. 
paratropicalis and C. albicans. These were prepared by 
Diluting 0.1% (w/v) poly L-lysine solution (Sigma 
P8920) 10x in deionized water which was filtered ster 
ilized. 

(0078 Sterile 96-well microtiter plates were prepared 
under a laminar flow hood. Each plate included sterility con 
trols, growth controls, and antibiotic challenge well. Genta 
mycin was used for the bacteria and amphotericin B for the 
Candida in concentration ranges from 1024 mcg/mL to 1 
mcg/mL. Organisms were tested using exposure time points 
of 24 hours. One plate was assessed per organism per time 
point. Triplicate samples were used to assess the impact of the 
multienzyme formulation on biofilm formation. 
0079 Planktonic minimal inhibitory concentration (MIC) 
and minimal bacteriocidal concentration MBC were deter 
mined after incubating the challenge plate at 35+2°C. for 24 
hours. MIC determination was done by visual inspection. The 
MIC is defined as the minimum concentration that inhibits 
growth of the organism. MBC results are determined follow 
ing the 24 hour incubation by +/-growth. 
0080 Minimum biofilm eradication concentration 
(MBEC) results were determined following the 24 hour incu 
bation from the MBEC panels using the plate reader in con 
junction with Log 10 reduction data. Turbidity was assessed 
visually in the wells of the recovery plate. Alternatively, a 
microtiter plate reader was used to obtain optical density 
measurements at 630 nm (OD). Clear wells (ODo<0.1) 
are evidence of biofilm eradication. The MBEC is defined as 
the minimum concentration of antibiotic that inhibits growth 
of the biofilm. 

I0081. The results of experiment 1 were as follows: 
0082 a. Escherichia coli O157:H7. No MIC, MBC 
and MBEC cut-off points were observed with the mul 
tienzyme tested. The multienzyme formulation had anti 
biofilm activity at all but the 2 lowest tested concentra 
tions. The data are tabulated below: 

Log Statistics 
Reduction Plate - Enzyme Log Reduction Log Reduction 
Dilution GC - Test wS. GC 

(mg/mL) Filtered 1 2 3 Mean SD P SNS: 

SO.OO -O42 (0.7O O.31 O.16 O.39 O.28 O.OO S 
2S.OO O.S3 1.18 1.37 1.53 1.36 0.17 O.OO S 
12.SO 17O 1.64 2.OO 1.64 1.76 O.21 O.OO S 
6.25 2.78 1.7O 2.OO 1.58 1.76 O.22 O.OO S 
3.13 O.78 O.2O O.S3 0.78 O.SO 0.29 O.OO S 
1.56 O.S8 O.78 100 0.88 O.89 0.11 O.OO S 
O.78 O.14 O.25 0.23 O.23 O.23 O.O1 O.OO S 

*Non-pairwise, two-tailed Student's T-test (for statistical significance, ps 
0.05) 

I0083) b. Klebsiella pneumoniae ATCC 4352 For MIC 
and MBC there were no observed cut-off points at the 
tested concentrations. The MBEC value for the multien 
Zyme formulation was 6.25 mg/mL. The multienzyme 
formulation had antibiofilm activity with log reductions 
of 3.0-3.8 at the 50-6.25 mg/mL concentrations and ~1.5 
for the lower concentrations. The data are tabulated 
below: 
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Log Statistics 
Reduction Plate - Enzyme Log Reduction Log Reduction 
Dilution GC - Test wS. GC 

(mg/mL) Filtered 1 2 3 Mean SD p SNS: 

SO.OO 3.65 3.87 3.39 4.35 3.87 0.48 O.OO 
2S.OO 3.02 3.35 3.6S 3.57 3.52 0.16 O.OO 
12.SO 2.87 3.17 3.04 3.04 3.09 OO7 O.OO 
6.25 2.04 3.6S 3.44 3.35 3.48 0.15 O.OO 
3.13 1.57 1.23 2.35 1. SO 1.69 O.S8 O.OO 
1.56 0.44 1.39 150 150 146 OO6 O.OO 
O.78 0.44 150 1.74 1.74 1.66 0.14 O.OO 
O.39 1.65 1.14 2.04 1.57 158 0.45 O.OO 

*Non-pairwise, two-tailed Student's T-test (for statistical significance, ps 
0.05) 

I0084 c. Candida paratropicalis ATCC 999.16 No 
MIC, MBC and MBEC cut-off values were observed at 
the tested concentrations. The multienzyme formulation 
had antibiofilm activity with a log reduction at the con 
centrations between 25 mg/mL and 1.56 mg/mL. The 
data are tabulated below: 

Log Statistics 
Reduction Plate - Enzyme Log Reduction Log Reduction 
Dilution GC - Test wS. GC 

(mg/mL) Filtered 1 2 3 Mean SD p SNS: 

SO.OO -0.40 -O36 -0.51 -0.36 -0.41 O.O8 O.OO S 
2S.OO -0.54 -0.06 0.16 -0.27 -0.06 0.21 O.OO S 
12.SO O.94 134 1.16 1.64 138 0.24 O.OO S 
6.25 116 0.94 1.64 134 130 O.35 (O.OO S 
3.13 1.34 1.16 1.04 1.64 1.28 O.32 O.OO S 
1.56 O46 1.34 1.16 116 122 O.1O O.OO S 
O.78 O.94 1.04 0.60 -0.06 0.52 0.55 O.OO S 
O.39 O.04 0.34 1.04 -0.06 0.44 0.56 O.OO S 

*Non-pairwise, two-tailed Student's T-test (for statistical significance, ps 
0.05) 

I0085 d. Candida albicans SJ2083133 did not reliably 
make biofilm and the multienzyme could not be 
assessed. 

Example 2 

I0086 Experiment 2 assessed the above multienzyme for 
mulation without and with 125 mg of Disodium ethylene 
diamine tetraacetic acid for antibiofilm activity against Sta 
phylococcus aureus ATCC 29213 and Staphylococcus aureus 
MRSA U of C #18. Growth medium and conditions were 
TSB/TSA, aerobic, and 35+2° C. The experimental design 
and conditions were as described above for experiment 1. 
I0087. The results of experiment 2 were as follows: 
I0088 Staphylococcus aureus ATCC 292.13 The MIC, 
MBC and MBEC for the multienzyme formulation were 
found to have no cut-off points at the tested concentrations. 
The multienzyme formulation had antibiofilm activity at all 
but the lowest tested concentrations. The log reductions ver 
sus growth controls (GC) were significant at the P-0.05 level. 
The data are tabulated below: 
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Log Reduction Plate - Enzyme Log Reduction 
Dilution GC - Test 

(mg/mL) Filtered 1 2 3 Mean SD 

SO.OO 2.38 1.90 1.90 1.58 1.79 O.19 
2S.OO 3.15 3.01 2.81 2.38 2.73 O.32 
12.SO 3.55 1.65 1.81 O.S3 1.33 O.70 
6.25 1.38 1.78 2.74 2.08 2.20 O49 
3.13 O.85 3.01 1.55 1.74 2.10 0.79 
1.56 1.85 2.16 2.01 1.81 1.99 O.17 
O.78 0.44 -0.19 2.65 O.78 1.08 1.44 
O.34 O.08 O.38 -0.10 O.S3 0.27 O.33 

I0089 Staphylococcus aureus ATCC 29213. The MBEC 
for the multienzyme formulation with EDTA was found to 
have no cut-off point at the tested concentrations. The MBC 
for multienzyme/EDTA was observed to have the cut-off 
point at 3.13 mg/mL and the MIC for multienzyme/EDTA 
was observed to have the cut-off point at 1.56 mg/mL. The log 
reduction for multienzyme/EDTA much greater than the log 
reduction for the multienzyme formulation and at a much 
lower concentration for multienzyme/EDTA showing that 
multienzyme/EDTA has a much greater effect the eradication 
of the bacterial biofilm. The data are tabulated below. 

Log Reduction Plate - Enzyme/EDTA Log Reduction 
Dilution GC - Test 

(mg/mL) Filtered 1 2 3 Mean SD 

SO.OO 2.85 2.38 3.85 1.85 2.69 1.03 
2S.OO 3.55 2.81 5.85 5.85 4.84 1.76 
12.SO 2.38 3.55 5.85 5.85 S.09 1.33 
6.25 2.71 3.38 3.85 5.85 4.36 1.32 
3.13 3.85 5.85 5.85 5.85 5.85 O.OO 
1.56 2.65 3.85 3.38 3.55 3.59 O.24 
O.78 2.16 5.85 5.85 3.85 5.19 1.16 
O.34 O.95 O.30 O.65 O.49 O48 O.18 

(0090 Staphylococcus aureus MRSA 399 The MIC, 
MBC and MBEC for the multienzyme formulation were 
found to have no cut-off point at the tested concentrations. 
The multienzyme formulation exhibited antibiofilm activity 
across a range of concentrations although the activity was 
inconsistent. Variability among the triplicate samples is 
noted. The data are tabulated below. 

Log Reduction Plate - Enzyme Log Reduction 
Dilution GC - Test 

(mg/mL) Filtered 1 2 3 Mean SD 

SO.OO -1.27 3.73 0.73 3.73 2.73 1.73 
2S.OO 3.73 3.73 O.25 3.73 2.57 2.01 
12.SO -O.75 -2.75 3.73 -O.88 O.O3 3.33 
6.25 1.72 3.73 3.73 -0.05 2.47 2.18 
3.13 1.42 1.72 O42 3.73 1.96 1.66 
1.56 -0.48 -0.32 -1.88 -0.12 -0.77 O.96 
O.78 -1.88 -O.27 -1.45 O.65 -0.36 1.OS 
O.34 -139 1.72 -O.27 3.73 1.72 2.OO 

Example 3 
(0091 Staphylococcus aureus MRSA 399 The MBEC 
for the multienzyme formulation with EDTA was found to 
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have no cut-off point at the tested concentrations. The MIC 
and MBC for the multienzyme formulation with EDTA were 
observed to have the cut-off point at 1.56 mg/mL. The mul 
tienzyme formulation with EDTA more potent and more 
effective in the eradication of the bacterial biofilm compared 
to the multienzyme since the multienzyme formulation with 
EDTA's largest log reduction is at a lower concentration than 
the multienzyme’s largest log reduction. The observation that 
the enzyme/EDTA for MIC and MBC activities indicates 
significant antimicrobial as well as antibiofilm properties. 
The data are tabulated below. 

Log Reduction Plate - Enzyme/EDTA Log Reduction 
Dilution GC - Test 

(mg/mL) Filtered 1 2 3 Mean SD 

SO.OO -1.60 O.61 3.73 -O.27 1.35 2.10 
25.00 -2.97 3.73 3.73 -1.75 1.90 3.16 
12.SO O.95 3.73 3.73 3.73 3.73 O.OO 
6.25 3.73 0.73 3.73 O.42 1.63 1.83 
3.13 3.73 3.73 3.73 1.72 3.06 1.16 
1.56 1.72 1.72 3.73 3.73 3.06 1.16 
O.78 0.73 3.73 3.73 3.73 3.73 O.OO 
O.34 3.73 3.73 3.73 3.73 3.73 O.OO 

0092 All terms used herein, are used in accordance with 
their ordinary meanings unless the context or definition 
clearly indicates otherwise. Also unless expressly indicated 
otherwise, the use of 'or' includes “and” and vice-versa. 
Non-limiting terms are not to be construed as limiting unless 
expressly stated, or the context clearly indicates, otherwise 
(for example, “including.” “having and “comprising typi 
cally indicate “including without limitation'). Singular 
forms, including in the claims, such as “a,” “an and “the 
include the plural reference unless expressly stated, or the 
context clearly indicates, otherwise. 
0093. The scope of the present physiologically acceptable 
anti-biofilm compositions, systems and methods, etc., 
includes both means plus function and step plus function 
concepts. However, claims are not to be interpreted as indi 
cating a “means plus function' relationship unless the word 
“means' is specifically recited in a claim, and are to be inter 
preted as indicating a “means plus function” relationship 
where the word “means' is specifically recited in a claim. 
Similarly, claims are not to be interpreted as indicating a 'step 
plus function” relationship unless the word “step” is specifi 
cally recited in a claim, and are to be interpreted as indicating 
a “step plus function” relationship where the word “step” is 
specifically recited in a claim. 
0094. From the foregoing, it will be appreciated that, 
although specific embodiments have been discussed herein 
for purposes of illustration, various modifications may be 
made without deviating from the spirit and scope of the dis 
cussion herein. Accordingly, the systems and methods, etc., 
include Such modifications as well as all permutations and 
combinations of the subject matter set forth herein and are not 
limited except as by the appended claims or other claim 
having adequate Support in the discussion herein. 

1. A physiologically acceptable anti-biofilm composition 
Suitable for oral administration to a mammal while retaining 
effectiveness in the gut, the composition comprising at least 
one of an anti-biofilm acid-stable cellulase oran anti-biofilm 
anti-polymeric B-1,6-N-acetyl-D-glucosamine (poly-8-1.6- 
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GlcNAc) agent in an amount capable of significant biofilm 
degradation in at least one pharmaceutically acceptable car 
rier. 

2. The composition of claim 1 wherein the composition 
further comprises both the anti-biofilm acid-stable cellulase 
and the anti-biofilm anti-poly-8-1.6-GlcNAc agent. 

3. The composition of claim 1 wherein the anti-biofilm 
anti-poly-8-1.6-GlcNAc agent is a hexosaminidase. 

4. The composition of claim 1 wherein the anti-biofilm 
anti-poly-8-1.6-GlcNAc agent is Dispersin B. 

5. The composition of claim 1 wherein the composition 
further comprises an effective amount of at least one of an 
acid-stable hemicellulase/pectinase complex, B-gluconase, 
acid protease, alkaline protease, or Serratia peptidase. 

6. The composition of claim 5 wherein the composition 
further comprises at least three of the hemicellulase/pectinase 
complex, B-gluconase, acid protease, alkaline protease, and 
Serratia peptidase. 

7. The composition of claim 6 wherein the composition 
further comprises all of hemicellulase/pectinase complex, 
B-gluconase, acid protease, alkaline protease, and Serratia 
peptidase. 

8. The composition of claim 5 wherein the amount of 
cellulase per dose is about 100-300 CU, the amount of hemi 
cellulase/pectinase complex is about 60-100 HSU, the 
amount of B-gluconase is about 6-10 BGU, the amount of 
acid protease is about 15-25 SAP, and the amount of alkaline 
protease is about 15-25 HUT. 

9. The composition of claim 5 wherein the amount of 
cellulase per dose is about 200 CU, the amount of hemicel 
lulase/pectinase complex is about 80 HSU, the amount of 
B-gluconase is about 8 BGU, the amount of acid protease is 
about 20 SAP, and the amount of alkaline protease is about 20 
HUT. 

10. The composition of claim 5 wherein the amount of 
cellulase per dose ranges from 1 to 10,000 CU, the amount of 
hemicellulase/pectinase complex ranges from 1 to 8,000 
HSU, the amount of B-gluconase ranges from 1 to 1000 BGU, 
the amount of acid protease ranges from 1 to 10,000 SAP, and 
the amount of alkaline protease ranges from 1 to 40,000 HUT. 

11. The composition of claim 1 wherein the physiologi 
cally acceptable anti-biofilm composition further comprises 
an effective amount of at least one an acid-stable agent, the at 
least one agent selected from the following: a disaccharide; 
amylase; C.-amylase; B-amylase; glucoamylase; endogluca 
nase, Xylanase; lipase; lysozyme; an enzyme with dipeptidyl 
peptidase IV (DPP-IV) activity; chitosanase; bromelain; 
papain; ficin; kiwi protease; any plant-derived protease or 
proteinase, or phytase. 

12. The composition of claim 11 wherein the lipase is a 
microbial lipase. 

13. The composition of claim 11 wherein the lipase com 
prises a lipase from at least one of Candida, Pseudomonas, 
Bacillus, Humicola or Rhizomucor 

14. The composition of claim 11 wherein the amylase is at 
least one of a Bacillus amylase or Aspergillus amylase. 

15. The composition of claim 11 wherein the composition 
further comprises at least one pectinase that is at least one of 
a polygalacturonase (EC3.2.1.15), pectinesterase (EC3.2.1. 
11), pectin lyase (EC4.2.2.10) or hemicellulase. 

16. The composition of claim 11 wherein the pectinase is at 
least one an Aspergillus niger pectinase or Aspergillus aculea 
tus pectinase. 
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17. The composition of claim 1 wherein the physiologi 
cally acceptable anti-biofilm composition further comprises 
at least one acid-stable enzyme in an amount capable of 
biofilm degradation, the at least one enzyme selected from the 
following: 1.2-1.3-O-D-mannan mannohydrolase, 1,3-B-D- 
Xylanxylanohydrolase, 1,3-B-D-glucan glucanohydrolase, 
1.3 (1.3; 1,4)-C-D-glucan 3-glucanohydrolase, 1.3(1.3; 1,4)- 
B-D-glucan 3(4)-glucanohydrolase, 1,3-1,4-O-D-glucan 
4-glucanohydrolase, 1,4-O-D-glucan glucanehydrolase, 1,4- 
C-D-glucan glucohydrolase, 1,4-(1,3:1,4)-B-D-glucan 4-glu 
canohydrolase, 1,4-B-D-glucan glucohydrolase, 1,4-B-D-Xy 
lan Xylanohydrolase, 1,4-B-D-mannan mannanohydrolase, 
1.5-O-L-arabinanohydrolase, 1.4-O-D-glucan maltohydro 
lase, 1,6-O-D-glucan 6-glucanohydrolase, 2,6-B-fructan 
fructanohydrolase, C.-dextrin 6-glucanohydrolase, C.-D-ga 
lactoside galactohydrolase, C.-D-glucoside glucohydrolase, 
C-D-mannoside mannohydrolase, acylneuraminyl hydrolase, 
Aerobacter-capsular-polysaccharide galactohydrolase, B-D- 
fructofuranoside fructohydrolase, 1-D-fucoside fucohydro 
lase, C-D-fructan fructohydrolase, 3-D-galactoside galacto 
hydrolase, 13-D-glucoside glucohydrolase, B-D- 
glucuronoside, glucuronosohydrolase, B-D-mannoside 
mannohydrolase, B-N-acetyl-D-hexosaminide N-acetylhex 
osamino hydrolase, cellulose-Sulfate Sulfohydrolase, colla 
genase, dextrin 6-O-D-glucanohydrolase, glycoprotein-phos 
phatidylinositol phosphatidohydrolase, hyaluronate 
4-glycanohydrolase, hyaluronoglucuronidase, pectin pectyl 
hydrolase, peptidoglycan N-acetylmuramoylhydrolase, 
phosphatidylcholine 2-acylhydrolase, phosphatidylcholine 
1-acylhydrolase, poly(1,4-O-D-galacturonide), poly(1,4-(N- 
acetyl-B-D-glucosaminide))-glycanohydrolase, proteases, 
Sucrose C-glucosidase, triacylglycerol acylhydrolase, tria 
cylglycerol protein-acylhydrolase. 

18. The composition of claim 1 wherein the composition 
further comprises an acid-stable Subtilisin in an amount 
capable of biofilm degradation. 

19. The composition of claim 1, further comprising acid 
stable DNAse I in an amount capable of biofilm degradation. 

20. The composition of claim 1 wherein the composition 
further comprises at least one of oil of oregano, berberine, 
undecylenic acid, a prescription antibiotic, a prescription 
antimicrobial, a probiotic microorganism or a prebiotic. 

21. A method of screening for a physiologically acceptable 
anti-biofilm composition Suitable for oral administration to a 
mammal while retaining effectiveness in the gut, the method 
comprising, 

providing a significant plurality of samples of a live target 
biofilm on at least one substrate; 

applying to each of the plurality of samples one of range of 
doses of a candidate anti-biofilm agent selected from the 
group comprising acid-stable cellulase and an anti-bio 
film anti-polymeric B-1,6-N-acetyl-D-glucosamine 
(poly-8-1.6-GlcNAc) agent, under conditions wherein 
the samples of the target biofilm can grow absent a 
significant anti-biofilm effect due to the candidate anti 
biofilm agent; and, 

determining whether each of the range of doses of candi 
date anti-biofilm agent inhibited growth of its respective 
sample. 

22. The method of claim 21 wherein the method further 
comprises screening both the anti-biofilm acid-stable cellu 
lase and the anti-biofilm anti-poly-f-1,6-GlcNAc agent. 

23. The method of claim 21 wherein the anti-biofilm anti 
poly-8-1.6-GlcNAc agent is a hexosaminidase. 
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24. The method of claim 21 wherein the anti-biofilm anti 
poly-f-1,6-GlcNAc agent is Dispersin B. 

25. The method of claim 21 wherein the method further 
comprises screening at least one of an acid-stable hemicellu 
lase/pectinase complex, 3-gluconase, acid protease, alkaline 
protease, or Serratia peptidase. 

26. The method of claim 25 wherein the amount of cellu 
lase is equivalent to a dose of about 100-300 CU, the amount 
of hemicellulase/pectinase complex is about 60-100 HSU, the 
amount of B-gluconase is about 6-10 BGU, the amount of 
acid protease is about 15-25 SAP, and the amount of alkaline 
protease is about 15-25 HUT. 

27. The method of claim 21 wherein the method further 
comprises screening at least one an acid-stable agent selected 
from the following: a disaccharide; amylase; C-amylase; 
B-amylase; glucoamylase; endoglucanase; Xylanase; lipase; 
lysozyme; an enzyme with dipeptidyl peptidase IV (DPP-IV) 
activity; chitosanase; bromelain; papain; ficin; kiwi protease; 
any plant-derived protease or proteinase, or phytase. 

28. The method of claim 27 wherein the lipase is a micro 
bial lipase. 

29. The method of claim 27 wherein the lipase comprises a 
lipase from at least one of Candida, Pseudomonas, Bacillus, 
Humicola or Rhizomucor 

30. The method of claim 27 wherein the amylase is at least 
one of a Bacillus amylase or Aspergillus amylase. 

31. The method of claim 27 wherein the method comprises 
screening at least one pectinase that is at least one of a polyga 
lacturonase (EC3.2.1.15), pectinesterase (EC3.2.1.11), pec 
tin lyase (EC4.2.2.10) or hemicellulase. 

32. The method of claim 27 wherein the pectinase is at least 
one an Aspergillus niger pectinase or Aspergillus aculeatus 
pectinase. 

33. The method of claim 21 wherein the method further 
comprises screening at least one of the following: 1.2-1.3-O- 
D-mannan mannohydrolase, 1,3-B-D-Xylanxylanohydrolase, 
1,3-B-D-glucan glucanohydrolase, 1.3(1.3; 1,4)-C-D-glucan 
3-glucanohydrolase, 1.3(1.3; 1,4)-B-D-glucan 3(4)-glucano 
hydrolase, 1,3-1,4-O-D-glucan 4-glucanohydrolase, 1.4-O- 
D-glucan glucanehydrolase, 1,4-O-D-glucan glucohydro 
lase, 1.4-(1,3:1,4)-B-D-glucan 4-glucanohydrolase, 1,4-B-D- 
glucan glucohydrolase, 1,4-B-D-Xylan Xylanohydrolase, 1,4- 
B-D-mannan mannanohydrolase, 1,5-O-L- 
arabinanohydrolase, 1.4-O-D-glucan maltohydrolase, 1,6-O- 
D-glucan 6-glucanohydrolase, 2,6-B-fructan 
fructanohydrolase, C.-dextrin 6-glucanohydrolase, C.-D-ga 
lactoside galactohydrolase, C.-D-glucoside glucohydrolase, 
C-D-mannoside mannohydrolase, acylneuraminyl hydrolase, 
Aerobacter-capsular-polysaccharide galactohydrolase, B-D- 
fructofuranoside fructohydrolase, B-D-fucoside fucohydro 
lase, C-D-fructan fructohydrolase, 3-D-galactoside galacto 
hydrolase, B-D-glucoside glucohydrolase, B-D- 
glucuronoside, glucuronosohydrolase, B-D-mannoside 
mannohydrolase, B-N-acetyl-D-hexosaminide N-acetylhex 
osamino hydrolase, cellulose-Sulfate Sulfohydrolase, colla 
genase, dextrin 6-O-D-glucanohydrolase, glycoprotein-phos 
phatidylinositol phosphatidohydrolase, hyaluronate 
4-glycanohydrolase, hyaluronoglucuronidase, pectin pectyl 
hydrolase, peptidoglycan N-acetylmuramoylhydrolase, 
phosphatidylcholine 2-acylhydrolase, phosphatidylcholine 
1-acylhydrolase, poly(1,4-O-D-galacturonide), poly(1,4-(N- 
acetyl-B-D-glucosaminide))-glycanohydrolase, proteases, 
Sucrose C-glucosidase, triacylglycerol acylhydrolase, tria 
cylglycerol protein-acylhydrolase. 
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34. The method of claim 21 wherein the method further 
comprises screening an acid-stable Subtilisin. 

35. The method of claim 21 wherein the method further 
comprises screening an acid-stable DNAse I. 

36. The method of claim 21 wherein the method further 
comprises screening at least one of oil of oregano, berberine, 
undecylenic acid, a prescription antibiotic, a prescription 
antimicrobial, a probiotic microorganism or a prebiotic. 

37. A method of inhibiting a gastrointestinal biofilm infec 
tion in a mammal, the method comprising: 

identifying the presence of the gastrointestinal biofilm 
infection, 

orally administering to the mammal a therapeutically 
effective amount of at least one anti-biofilm agent com 
prising an acid-stable cellulase oran anti-polymeric B-1, 
6-N-acetyl-D-glucosamine (poly-8-1.6-GlcNAc) agent 
in at least one pharmaceutically acceptable carrier, in an 
amount and for a time Sufficient to cause significant 
biofilm degradation within the gastrointestinal system of 
the mammal. 

38. The method of claim 37 wherein the method further 
comprises administering both the anti-biofilm acid-stable 
cellulase and the anti-biofilm anti-poly-f-1,6-GlcNAc agent. 

39. The method of claim 37 wherein the anti-biofilm anti 
poly-8-1.6-GlcNAc agent is a hexosaminidase. 

40. The method of claim 37 wherein the anti-biofilm anti 
poly-B-1,6-GlcNAc agent is Dispersin B. 

41. The method of claim 37 wherein the method further 
comprises administering a therapeutically effective amount 
of at least one of an acid-stable hemicellulase/pectinase com 
plex, B-gluconase, acid protease, alkaline protease, or Serra 
tia peptidase. 

42. The method of claim 41 wherein the amount of cellu 
lase per dose is about 100-300 CU, the amount of hemicellu 
lase/pectinase complex is about 60-100 HSU, the amount of 
B-gluconase is about 6-10 BGU, the amount of acid protease 
is about 15-25 SAP, and the amount of alkaline protease is 
about 15-25 HUT. 

43. The method of claim 41 wherein the amount of cellu 
lase per dose ranges from 1 to 10,000 CU, the amount of 
hemicellulase/pectinase complex ranges from 1 to 8,000 
HSU, the amount of B-gluconase ranges from 1 to 1000 BGU, 
the amount of acid protease ranges from 1 to 10,000 SAP and 
the amount of alkaline protease ranges from 1 to 40,000 HUT. 

44. The method of claim 37 wherein the method further 
comprises administering a therapeutically effective amount 
of at least one an acid-stable agent selected from the follow 
ing: a disaccharide; amylase; C.-amylase; B-amylase; glu 
coamylase; endoglucanase; Xylanase; lipase; lysozyme; an 
enzyme with dipeptidyl peptidase IV (DPP-IV) activity; chi 
tosanase; bromelain; papain; ficin; kiwi protease; any plant 
derived protease or proteinase, or phytase. 

45. The method of claim 44 wherein the lipase is a micro 
bial lipase. 

46. The method of claim 44 wherein the lipase comprises a 
lipase from at least one of Candida, Pseudomonas, Bacillus, 
Humicola or Rhizomucor 

47. The method of claim 44 wherein the amylase is at least 
one of a Bacillus amylase or Aspergillus amylase. 

48. The method of claim 44 wherein the method further 
comprises administering a therapeutically effective amount 
of at least one pectinase that is at least one of a polygalactu 
ronase (EC3.2.1.15), pectinesterase (EC3.2.1.11), pectin 
lyase (EC4.2.2.10) or hemicellulase. 
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49. The method of claim 44 wherein the pectinase is at least 
one an Aspergillus niger pectinase or Aspergillus aculeatus 
pectinase. 

50. The method of claim 37 wherein the method further 
comprises administering a therapeutically effective amount 
of at least one acid-stable enzyme selected from the follow 
ing: 1.2-1.3-O-D-mannan mannohydrolase, 1,3-B-D-Xy 
lanXylanohydrolase, 1,3-B-D-glucan glucanohydrolase, 1.3 
(1.3; 1,4)-O-D-glucan 3-glucanohydrolase, 1.3(1.3; 1,4)-3- 
D-glucan 3(4)-glucanohydrolase, 1,3-1,4-O-D-glucan 
4-glucanohydrolase, 1,4-O-D-glucan glucanehydrolase, 1,4- 
C-D-glucan glucohydrolase, 1,4-(1,3:1,4)-B-D-glucan 4-glu 
canohydrolase, 1,4-B-D-glucan glucohydrolase, 1,4-B-D-Xy 
lan Xylanohydrolase, 1,4-B-D-mannan mannanohydrolase, 
1.5-O-L-arabinanohydrolase, 1.4-O-D-glucan maltohydro 
lase, 1,6-O-D-glucan 6-glucanohydrolase, 2,6-B-fructan 
fructanohydrolase, C.-dextrin 6-glucanohydrolase, C.-D-ga 
lactoside galactohydrolase, C.-D-glucoside glucohydrolase, 
C-D-mannoside mannohydrolase, acylneuraminyl hydrolase, 
Aerobacter-capsular-polysaccharide galactohydrolase, B-D- 
fructofuranoside fructohydrolase, B-D-fucoside fucohydro 
lase, C-D-fructan fructohydrolase, 3-D-galactoside galacto 
hydrolase, B-D-glucoside glucohydrolase, B-D- 
glucuronoside, glucuronosohydrolase, B-D-mannoside 
mannohydrolase, B-N-acetyl-D-hexosaminide N-acetylhex 
osamino hydrolase, cellulose-Sulfate Sulfohydrolase, colla 
genase, dextrin 6-O-D-glucanohydrolase, glycoprotein-phos 
phatidylinositol phosphatidohydrolase, hyaluronate 
4-glycanohydrolase, hyaluronoglucuronidase, pectin pectyl 
hydrolase, peptidoglycan N-acetylmuramoylhydrolase, 
phosphatidylcholine 2-acylhydrolase, phosphatidylcholine 
1-acylhydrolase, poly(1,4-O-D-galacturonide), poly(1,4-(N- 
acetyl-B-D-glucosaminide))-glycanohydrolase, proteases, 
Sucrose C-glucosidase, triacylglycerol acylhydrolase, tria 
cylglycerol protein-acylhydrolase. 

51. The method of claim 37 wherein the method further 
comprises administering a therapeutically effective amount 
of an acid-stable subtilisin. 

52. The method of claim 37 wherein the method further 
comprises administering a therapeutically effective amount 
of an acid-stable DNAse I. 

53. The method of claim 37 wherein the method further 
comprises administering a therapeutically effective amount 
of at least one of oil of oregano, berberine, undecylenic acid, 
a prescription antibiotic, a prescription antimicrobial, a pro 
biotic microorganism or a prebiotic. 

54. The composition of claim 1 for use as an active thera 
peutic Substance. 

55. The composition of claim 1 for use in the manufacture 
of a medicament for inhibiting or treating a gastrointestinal 
biofilm in a mammal. 

56. A method of manufacturing a medicament able to 
reduce symptoms associated with a gastrointestinal biofilm in 
a human patient, comprising combining a pharmaceutically 
effective amount of at least one of an anti-biofilm acid-stable 
cellulase oran anti-biofilm anti-polymeric B-1,6-N-acetyl-D- 
glucosamine (poly-8-1.6-GlcNAc) agent in an amount 
capable of significant biofilm degradation with at least one of 
a pharmaceutically acceptable carrier, adjuvant, excipient, 
buffer and diluent. 

57. The method of claim 56 wherein the medicament fur 
ther comprises both the anti-biofilm acid-stable cellulase and 
the anti-biofilm anti-poly-f-1,6-GlcNAc agent. 
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58. The method of claim 56 wherein the anti-biofilm anti 
poly-8-1.6-GlcNAc agent is a hexosaminidase. 

59. The method of claim 56 wherein the anti-biofilm anti 
poly-B-1,6-GlcNAc agent is Dispersin B. 

60. The method of claim 56 wherein the medicament fur 
ther comprises an effective amount of at least one of an 
acid-stable hemicellulase/pectinase complex, B-gluconase, 
acid protease, alkaline protease, or Serratia peptidase. 

61. The method of claim 60 wherein the medicament fur 
ther comprises at least three of the hemicellulase/pectinase 
complex, 6-gluconase, acid protease, alkaline protease, and 
Serratia peptidase. 

62. The method of claim 60 wherein the medicament fur 
ther comprises all of hemicellulase/pectinase complex, 
B-gluconase, acid protease, alkaline protease, and Serratia 
peptidase. 

63. The method of claim 60 wherein the amount of cellu 
lase per dose is about 100-300 CU, the amount of hemicellu 
lase/pectinase complex is about 60-100 HSU, the amount of 
B-gluconase is about 6-10 BGU, the amount of acid protease 
is about 15-25 SAP, and the amount of alkaline protease is 
about 15-25 HUT. 

64. The method of claim 60 wherein the amount of cellu 
lase per dose is about 200 CU, the amount of hemicellulase/ 
pectinase complex is about 80 HSU, the amount of B-gluco 
nase is about 8 BGU, the amount of acid protease is about 20 
SAP and the amount of alkaline protease is about 20 HUT. 

65. The method of claim 60 wherein the amount of cellu 
lase per dose ranges from 1 to 10,000 CU, the amount of 
hemicellulase/pectinase complex ranges from 1 to 8,000 
HSU, the amount of B-gluconase ranges from 1 to 1000 BGU, 
the amount of acid protease ranges from 1 to 10,000 SAP and 
the amount of alkaline protease ranges from 1 to 40,000 HUT. 

66. The method of claim 56 wherein the physiologically 
acceptable anti-biofilm medicament further comprises an 
effective amount of at least one an acid-stable agent, the at 
least one agent selected from the following: a disaccharide; 
amylase; C.-amylase; B-amylase; glucoamylase; endogluca 
nase; Xylanase; lipase; lysozyme; an enzyme with dipeptidyl 
peptidase IV (DPP-IV) activity; chitosanase; bromelain; 
papain; ficin; kiwi protease; any plant-derived protease or 
proteinase, or phytase. 

67. The method of claim 66 wherein the lipase is a micro 
bial lipase. 

68. The method of claim 66 wherein the lipase comprises a 
lipase from at least one of Candida, Pseudomonas, Bacillus, 
Humicola or Rhizomucor 

69. The method of claim 66 wherein the amylase is at least 
one of a Bacillus amylase or Aspergillus amylase. 

70. The method of claim 66 wherein the medicament fur 
ther comprises at least one pectinase that is at least one of a 
polygalacturonase (EC3.2.1.15), pectinesterase (EC3.2.1. 
11), pectin lyase (EC4.2.2.10) or hemicellulase. 

71. The method of claim 66 wherein the pectinase is at least 
one an Aspergillus niger pectinase or Aspergillus aculeatus 
pectinase. 

72. The method of claim 56 wherein the physiologically 
acceptable anti-biofilm medicament further comprises at 
least one acid-stable enzyme in an amount capable of biofilm 
degradation, the at least one enzyme selected from the fol 
lowing: 1.2-1.3-O-D-mannan mannohydrolase, 1,3-B-D-Xy 
lanXylanohydrolase, 1,3-B-D-glucan glucanohydrolase, 1.3 
(1.3; 1,4)-O-D-glucan 3-glucanohydrolase, 1.3(1.3; 1,4)-3- 
D-glucan 3(4)-glucanohydrolase, 1,3-1,4-O-D-glucan 
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4-glucanohydrolase, 1,4-O-D-glucan glucanehydrolase, 1,4- 
C-D-glucan glucohydrolase, 1,4-(1,3:1,4)-B-D-glucan 4-glu 
canohydrolase, 1,4-B-D-glucan glucohydrolase, 1,4-B-D-Xy 
lan Xylanohydrolase, 1,4-B-D-mannan mannanohydrolase, 
1.5-O-L-arabinanohydrolase, 1.4-O-D-glucan maltohydro 
lase, 1,6-O-D-glucan 6-glucanohydrolase, 2,6-B-fructan 
fructanohydrolase, C.-dextrin 6-glucanohydrolase, C.-D-ga 
lactoside galactohydrolase, C.-D-glucoside glucohydrolase, 
C-D-mannoside mannohydrolase, acylneuraminyl hydrolase, 
Aerobacter-capsular-polysaccharide galactohydrolase, B-D- 
fructofuranoside fructohydrolase, B-D-fucoside fucohydro 
lase, C-D-fructan fructohydrolase, 3-D-galactoside galacto 
hydrolase, B-D-glucoside glucohydrolase, B-D- 
glucuronoside, glucuronosohydrolase, B-D-mannoside 
mannohydrolase, B-N-acetyl-D-hexosaminide N-acetylhex 
osamino hydrolase, cellulose-Sulfate Sulfohydrolase, colla 
genase, dextrin 6-O-D-glucanohydrolase, glycoprotein-phos 
phatidylinositol phosphatidohydrolase, hyaluronate 
4-glycanohydrolase, hyaluronoglucuronidase, pectin pectyl 
hydrolase, peptidoglycan N-acetylmuramoylhydrolase, 
phosphatidylcholine 2-acylhydrolase, phosphatidylcholine 
1-acylhydrolase, poly(1,4-O-D-galacturonide), poly(1,4-(N- 
acetyl-B-D-glucosaminide))-glycanohydrolase, proteases, 
Sucrose C-glucosidase, triacylglycerol acylhydrolase, tria 
cylglycerol protein-acylhydrolase. 

73. The method of claim 56 wherein the medicament fur 
ther comprises an acid-stable Subtilisin in an amount capable 
of biofilm degradation. 

74. The method of claim 56 further comprising acid-stable 
DNAse I in an amount capable of biofilm degradation. 

75. The method of claim 56 wherein the medicament fur 
ther comprises at least one of oil of oregano, berberine, unde 
cylenic acid, a prescription antibiotic, a prescription antimi 
crobial, a probiotic microorganism or a prebiotic. 

76. The composition of claim 1 wherein the composition 
further comprises an effective amount of a Serratia peptidase. 

77. The method of claim 21 wherein the method further 
comprises screening a Serratia peptidase. 

78. The method of claim 37 wherein the method further 
comprises administering a therapeutically effective amount 
of a Serratia peptidase. 

79. The method of claim 56 wherein the medicament fur 
ther comprises an effective amount of a Serratia peptidase. 

80. A physiologically acceptable anti-biofilm composition 
Suitable for oral administration to a mammal while retaining 
effectiveness in the gut, the composition comprising at least 
one of an anti-biofilm Serratia peptidase agent in an amount 
capable of significant biofilm degradation in at least one 
pharmaceutically acceptable carrier. 

81. A method of screening for a physiologically acceptable 
anti-biofilm composition Suitable for oral administration to a 
mammal while retaining effectiveness in the gut, the method 
comprising, 

providing a significant plurality of samples of a live target 
biofilm on at least one substrate; 

applying to each of the plurality of samples one of range of 
doses of a candidate anti-biofilm agent comprising a 
Serratia peptidase agent, under conditions wherein the 
samples of the target biofilm can grow absent a signifi 
cantanti-biofilm effect due to the candidate anti-biofilm 
agent; and, 
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determining whether each of the range of doses of candi 
date anti-biofilm agent inhibited growth of its respective 
sample. 

82. A method of inhibiting a gastrointestinal biofilm infec 
tion in a mammal, the method comprising: 

identifying the presence of the gastrointestinal biofilm 
infection, 

orally administering to the mammal a therapeutically 
effective amount of at least one anti-biofilm agent com 
prising a Serratia peptidase agent in at least one phar 
maceutically acceptable carrier, in an amount and for a 
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time sufficient to cause significant biofilm degradation 
within the gastrointestinal system of the mammal. 

83. A method of manufacturing a medicament able to 
reduce symptoms associated with a gastrointestinal biofilm in 
a human patient, comprising combining a pharmaceutically 
effective amount of a Serratia peptidase agent in an amount 
capable of significant biofilm degradation with at least one of 
a pharmaceutically acceptable carrier, adjuvant, excipient, 
buffer and diluent. 


