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are attributed to the direct consequences of bacterial biofilm infections. The economic 

impacts are staggering [$25B (billion) for chronic wounds, $14B for periodontitis, $5B for 

OM, and $1B for cystitis]. The worldwide prevalence of biofilm-mediated diseases, the 

increasing rate of antibiotic resistant bacterial infections, particularly among the high priority 

ESKAPE pathogens (Enterobacter spp., Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, Enterococcus faecium), and the great 

financial burden create a critical need to develop novel approaches to treat recalcitrant 

infections caused by organized bacterial communities. 

[0005]    Thus, a need exists to break through the protective barrier of biofilms to treat or kill 

the associated bacterial infections and clear them from surfaces and in water systems.   

SUMMARY 

[0006]    The self-produced extracellular matrix (or extracellular polymeric substance, EPS) 

that protects bacteria resident within biofilms from immune clearance and antimicrobials is 

essential for pathogenic biofilms to cause chronic and recurrent infections, as biofilms serve 

as a recalcitrant reservoir of these disease-causing bacteria. The EPS constituents are specific 

to individual bacterial species, but universally contain extracellular DNA (eDNA) derived 

from the bacteria resident within the biofilm. Indeed, bacteria of varying genera typically 

enter into a shared community architecture of a multispecies biofilm, which requires the EPS 

to be both conducive structurally for all constituent species, but also to contain EPS 

components derived by, or usable to, all of the resident bacteria. In this regard, the EPS of 

single and multiple species biofilms contains scaffolded eDNA that appear to be the common 

structure of the underlying universal EPS.  As disclosed herein, Applicants discovered that 

this eDNA-dependent structure is stabilized by the ubiquitous DNABII family of bacterial 

DNA-binding proteins. While Applicants have shown that exogenous DNA and DNABII 

proteins can drive free living (planktonic) bacteria into the community architecture of a 

biofilm, these two components are insufficient to recapitulate the signature eDNA scaffold. 

[0007]    Applicants disclose herein that polyamines are the third crucial component of the 

universal eDNA-DNABII dependent EPS. Polyamines are short positively charged organic 

molecules ubiquitous both intracellularly and extracellularly that, when bound to DNA, 

neutralize the polyanionic charge of nucleotide phosphates and allow DNA molecules to 

condense/aggregate. Importantly, Applicants disclose herein that polyamines can drive DNA 

from the most common right handed B-form into left handed Z-form DNA, which is nuclease 

resistant. Indeed, while nucleases can prevent bacterial biofilm formation, they cannot disrupt 

mature biofilms. As biofilms age, their acquisition of nuclease resistance is concomitant with 

both (1) an increase in polyamines and (2) the appearance of Z-form DNA.  

[0008]    Described herein are methods for inhibiting the stability of a biofilm, comprising, or 

alternatively consisting essentially of, or yet further consisting of contacting the biofilm with 

an effective amount of an agent that interferes with the binding of a polyamine to DNA in the 
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biofilm, wherein the agent is not an HMGB1 protein, fragment or an equivalent of each 

thereof.  

[0008a] In one aspect, the present disclosure refers to a method for inhibiting the stability of 

an established biofilm, comprising contacting the biofilm in vitro with an effective amount of 

at least one agent that interferes with the binding of a polyamine to DNA in the biofilm, 

wherein the agent is selected from a tRNA, difluoromethylornithine, trans-4-

methylcyclohexylamine,  sardomozide, methylglyoxal-bis[guanylhydrazone] (MGBG), 1-

aminooxy-3-aminopropane, oxaliplatin, dicyclohexylamine, or a salt thereof.  

[0008b] In another aspect, the present disclosure refers to a use of an agent that interferes 

with the binding of a polyamine to the DNA in the biofilm and inhibits the stability of an 

established biofilm and an agent that inhibits the replication of the bacterium in the 

manufacture of a medicament for treating an infection caused by a bacterium that produces a 

biofilm in a subject in need thereof, wherein the agent that interferes with the binding of a 

polyamine to the DNA in the biofilm is selected from a tRNA, difluoromethylornithine, 

trans-4-methylcyclohexylamine,  sardomozide, methylglyoxal-bis[guanylhydrazone] 

(MGBG), 1-aminooxy-3-aminopropane, oxaliplatin, dicyclohexylamine, or a salt thereof. 

[0008c] In another aspect, the present disclosure refers to a use of at least one agent that 

interferes with the binding of a polyamine to DNA in a biofilm and inhibits the stability of an 

established biofilm in the manufacture of a medicament for inhibiting the stability of a 

biofilm, or for treating a biofilm in a subject, or for preventing the formation of a biofilm in a 

subject susceptible to developing a biofilm, wherein the biofilm is to be contacted with the 

medicament,  and wherein the agent is selected from a tRNA, difluoromethylornithine, trans-

4-methylcyclohexylamine,  sardomozide, methylglyoxal-bis[guanylhydrazone] (MGBG), 1-

aminooxy-3-aminopropane, oxaliplatin, dicyclohexylamine, or a salt thereof.  
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[0008d] In one example, the methods for inhibiting the stability of a biofilm, comprise, or 

alternatively consist essentially of, or yet further consist of a contacting the biofilm with an 

effective amount of one or more agents that interfere with the binding of a polyamine to the 

DNA in the biofilm.  This disclosure also relates to methods for inhibiting the stability of a 

biofilm, comprising, or alternatively consisting essentially of, or yet further consisting of 

contacting the biofilm in vitro with an agent that interferes with the binding of a polyamine to 

the DNA in the biofilm, wherein the contacting comprises, or alternatively consists 

essentially of, or yet further consists of coating a surface with an effective amount of agent 

that depletes cations, wherein the agent is not an HMGB1 protein, fragment or an equivalent 

of each thereof.  In one example, the methods for inhibiting the stability of a biofilm, may 

comprise, or alternatively consist essentially of, or yet further consist of contacting the 

biofilm in vitro with an effective amount of an agent that interferes with the binding of a 

polyamine to the DNA in the biofilm, wherein the contacting comprises, or alternatively 

consists essentially of, or yet further consists of coating a surface with an effective amount of 

one or more agents that depletes cations.  The contacting may be in vitro or in vivo.     

[0009]    In one example, the agent that interferes with the conversion of B-DNA to Z-DNA 

in the biofilm or its local environment.  In a second example, the agent comprises, or 

alternatively consists essentially of, or yet further consists of an anti-B-DNA antibody or 

fragment or derivative thereof.  In a third example, the agent comprises, or alternatively 

consists essentially of, or yet further consists of riboflavin, ethidium bromide, 

bis(methidium)spermine, daunorubicin, TMPyP4, a quaternary benzo[c]phenanthridine 

alkaloid, quinacrine, 9-amino acridine, or a derivative thereof.  In a fourth example, the agent 

comprises, or alternatively consists essentially of, or yet further consists of chloroquine or a 

derivative thereof.  

[0010]    Further described herein are methods for inhibiting the stability of a biofilm, 

comprising, or alternatively consisting essentially of, or yet further consisting of contacting 

the biofilm in vitro with an effective amount of HMGB1 protein or biologically active 

fragment thereof  
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and anti-B-DNA antibody or fragment or derivative thereof.  This disclosure also relates to 

methods for inhibiting the stability of a biofilm, comprising, or alternatively consisting 

essentially of, or yet further consisting of contacting the biofilm in vitro with an effective 

amount of chloroquine and anti-B-DNA antibody or fragment or derivative thereof, wherein 

the contacting comprises, or alternatively consists essentially of, or yet further consists of 

coating a surface with an effective amount of chloroquine and anti-B-DNA antibody or 

fragment or derivative thereof.  The contacting may be in vitro or in vivo.   

[0011]    Also provided herein are methods for treating a biofilm in a subject, comprising, or 

alternatively consisting essentially of, or yet further consisting of administering to the subject 

infected with a biofilm an effective amount of an agent that interferes with the binding of a 

polyamine to the DNA in the biofilm, wherein the agent is not an HMGB1 protein, fragment 

or an equivalent of each thereof.  In one example, the methods for treating a biofilm in a 

subject, comprise, or alternatively consist essentially of, or yet further consist of 

administering to the subject infected with a biofilm an effective amount of one or more 

agents that interfere with the binding of a polyamine to the DNA in the biofilm.   

[0012]    This disclosure also relates to methods for preventing the formation of a biofilm in a 

subject susceptible to developing a biofilm, comprising, or alternatively consisting essentially 

of, or yet further consisting of administering to the subject an effective amount of an agent 

that interferes with the binding of a polyamine to the DNA in the biofilm, wherein the agent 

is not an HMGB1 protein, fragment or an equivalent of each thereof.  In one example, the 

methods for preventing the formation of a biofilm in a subject susceptible to developing a 

biofilm, comprising, or alternatively consisting essentially of, or yet further consisting of 

administering to the subject an effective amount of one or more agents that interfere with the 

binding of a polyamine to the DNA in the biofilm.   

[0013]    This disclosure further relates to methods for treating an infection caused by a 

bacterium that produces a biofilm in a subject in need thereof, the method comprising, or 

alternatively consisting essentially of, or yet further consisting of administering to the subject 

an effective amount of an agent that interferes with the binding of a polyamine to the DNA in 

the biofilm and an agent that inhibits the replication of the organism, wherein the agent is not 

an HMGB1 protein, fragment or an equivalent of each thereof.  In one example, the methods 

for treating an infection caused by a bacterium that produces a biofilm in a subject in need 

thereof, the method comprising, or alternatively consisting essentially of, or yet further 

consisting of administering to the subject an effective amount of one or more agents that 

interfere with the binding of a polyamine to the DNA in the biofilm.   

[0014]    For any of the methods described above, the polyamine can be selected from the 

group of: putrescine, spermine, cadaverine, 1,3-diaminopropane or spermidine.  In one 

example, for the methods described above, the agent that interferes with the binding of a 

polyamine to DNA in the biofilm is a tRNA.  In another example, the agent is an inhibitor of 

polyamine synthesis or an agent that inhibits the binding of the polyamine to the DNA.  In a 

second example, the agent comprises, or alternatively consists essentially of, or yet further 

consisting of a polyamine analog difluoromethylornithine, trans-4-methylcyclohexylamine, 

sardomozide, methylglyoxal-bis[guanylhydrazone] (MGBG), 1-aminooxy-3-aminopropane, 
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oxaliplatin, cisplatin, dicyclohexylamine, a derivative of any thereof, or a salt thereof.  In a 

third example, the agent comprises, or alternatively consists essentially of, or yet further 

consisting of an agent that depletes cations from the biofilm, optionally a cation exchange 

resin, an aminopolycarboxylic acid, a crown ether, an azacrown, or a cryptand.  In a fourth 

example, the agent that depletes cations from the biofilm are selected from the group of: 

sulfonate, sulfopropyl, phosphocellulose, P11 phosphocellulose, heparin sulfate, or a 

derivative or analog thereof.  In a fifth example, the agent that interferes with the conversion 

of B-DNA to Z-DNA in the biofilm or its local environment.  In a sixth example, the agent 

comprises, or alternatively consists essentially of, or yet further consists of an anti-B-DNA 

antibody or fragment or derivative thereof.  In an eighth example, the agent comprises, or 

alternatively consists essentially of, or yet further consists of riboflavin, ethidium bromide, 

bis(methidium)spermine, daunorubicin, TMPyP4, a quaternary benzo[c]phenanthridine 

alkaloid, quinacrine, 9-amino acridine, or a derivative thereof.  In a ninth example, the agent 

comprises, or alternatively consists essentially of, or yet further consists of chloroquine or a 

derivative thereof. In one example, the agent that depletes cations from the biofilm has a net 

negative charge.  In another example, the agent that depletes cations from the biofilm has a 

net neutral charge. 

[0015]    Also provided herein are methods for treating a biofilm in a patient suffering from 

systemic lupus erythematosus (SLE) and/or cystic fibrosis (CF), comprising, or alternatively 

consisting essentially of, or yet further consisting of administering an effective amount of an 

agent that interferes with the conversion of B-DNA to Z-DNA in the biofilm or its local 

environment, wherein the agent is not an HMGB1 protein, fragment or an equivalent of each 

thereof.  Methods for treating a biofilm in a patient suffering from systemic lupus 

erythematosus (SLE) and/or cystic fibrosis (CF) and/or TB, comprising, or alternatively 

consisting essentially of, or yet further consisting of administering an effective amount of one 

or more agents that interfere with the conversion of B-DNA to Z-DNA in the biofilm or its 

local environment are disclosed herein, wherein the agent is not an HMGB1 protein, 

fragment or an equivalent of each thereof.  In one example, the agents are administered in the 

absence of a DNAse.  In one example, the agent that interferes with the conversion of B-

DNA to Z-DNA in the biofilm or its local environment.  In a second example, the agent 

comprises, or alternatively consists essentially of, or yet further consists of an anti-B-DNA 

antibody or fragment or derivative thereof.  In a third example, the agent comprises, or 

alternatively consists essentially of, or yet further consists of riboflavin, ethidium bromide, 

bis(methidium)spermine, daunorubicin, TMPyP4, a quaternary benzo[c]phenanthridine 

alkaloid, quinacrine, 9-amino acridine, or a derivative thereof.  In a fourth example, the agent 

comprises, or alternatively consists essentially of, or yet further consists of chloroquine or a 

derivative thereof.  In one example, the chloroquine derivative retains the capacity to 

intercalate between DNA bases. 

[0016]    Methods for treating a biofilm in a patient suffering from systemic lupus 

erythematosus (SLE) and/or cystic fibrosis (CF), comprising, or alternatively consisting 

essentially of, or yet further consisting of administering an effective amount of HMGB1 

protein or biologically active fragment thereof and anti-B-DNA antibody or fragment or 

derivative thereof are also provided herein.  In one example, the method for treating a biofilm 
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in a patient suffering from systemic lupus erythematosus (SLE) and/or cystic fibrosis (CF) 

and/or tuberculosis (TB), the method which comprises, or alternatively consists essentially of, 

or yet further consists of administering an effective amount of chloroquine and anti-B-DNA 

antibody or fragment or derivative thereof.  This disclosure also relates to methods for 

treating a biofilm producing infection incident to administration of a platinum-based 

chemotherapy in a patient receiving or having received the chemotherapy comprising, or 

alternatively consisting essentially of, or yet further consisting of administering an effective 

amount of an agent that interferes with the conversion of B-DNA to Z-DNA in the biofilm or 

its local environment, wherein the agent is not an HMGB1 protein, fragment or an equivalent 

of each thereof.  In one example, the method comprises, or alternatively consists essentially 

of, or yet further consists of administering an effective amount of one or more agents that 

interfere with the conversion of B-DNA to Z-DNA in the biofilm or its local environment.  In 

one example, the agents are administered in the absence of a DNAse. In a further example, 

the agent comprises, or alternatively consists essentially of, or yet further consists of 

chloroquine or a derivative thereof.  In one particular example, the chloroquine derivative 

retains the capacity to intercalate between DNA bases.  In yet a further example, the agent 

comprises, or alternatively consists essentially of, or yet further consists of an anti-B-DNA 

antibody or fragment or derivative thereof.  In one example, the agent comprises, or 

alternatively consists essentially of, or yet further consists of riboflavin, ethidium bromide, 

bis(methidium)spermine, daunorubicin, TMPyP4, a quaternary benzo[c]phenanthridine 

alkaloid, quinacrine, 9-amino acridine, or a derivative thereof.   

[0017]    This disclosure further relates to methods for treating a biofilm producing infection 

incident to administration of a platinum-based chemotherapy in a patient receiving or having 

received the chemotherapy comprising, or alternatively consisting essentially of, or yet 

further consisting of administering an effective amount of HMGB1 protein or biologically 

active fragment thereof and anti-B-DNA antibody or fragment or derivative thereof.  

Methods for treating a biofilm producing infection incident to administration of a platinum-

based chemotherapy in a patient receiving or having received the chemotherapy comprising, 

or alternatively consisting essentially of, or yet further consisting of administering an 

effective amount of chloroquine and anti-B-DNA antibody or fragment or derivative thereof 

are also provided herein.  

[0018]    The methods described above may further comprise, or alternatively consist 

essentially of, or yet further consist of contacting the biofilm, or alternatively administering 

to the subject, an effective amount of an agent that interferes with the binding of the eDNA to 

a DNA binding protein and/or an antibacterial agent, wherein the agent is not an HMGB1 

protein, fragment or an equivalent of each thereof.  In one example, the agent that interferes 

with the binding of the eDNA to the DNA binding protein comprises, or alternatively consists 

essentially of, or yet further consists of one or more of an anti-DNABII antibody, an anti-IHF 

antibody and/or an anti-HU antibody, or fragments of each thereof.  In one example, the 

agent that interferes with the binding of the eDNA to a DNA binding protein has a net 

negative charge.  In a second example, the agent that interferes with the binding of the eDNA 

to a DNA binding protein has a net neutral charge.  In a third example, the agent that 

interferes with the binding of the eDNA to a DNA binding protein has a net positive charge.  
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In one example, the agents are administered in the absence of a DNAse.  The methods 

described above may be performed in the absence of administration of a DNAse enzyme.   

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019]    FIGS. 1A – 1C: Polyamines modulate DNA structure. (FIG. 1A) 

Immunofluorescence microscopy image of mucosal biofilm EPS found in the chinchilla 

middle ear with acute OM due to NTHI (adapted from Goodman et al. (2011) Mucosal 

Immunol. 4(6):625-37). Probed for DNABII proteins (gray balls) and eDNA (white regions). 

DNABII localizes to eDNA strand vertices in biofilms in vivo. (FIG. 1B) Chemical structure 

of common polyamines (adapted from Di Martino et al. (2013) Int J Med Microbiol. 

303(8):484-91). (FIG. 1C) Atomic force microscopy image of DNA alone or DNA after 

incubation with polyamines (adapted from Iacomino et al. (2011) Biomacromolecules. 

12(4):1178-86). Polyamines induce thick fiber formation and structural complexity in eDNA. 

 [0020]    FIGS. 2A – 2B: Polyamines induce eDNA scaffold structure. (FIG. 2A) 

Immunofluorescence CLSM image of mucosal biofilm EPS found in the chinchilla middle 

ear with acute OM due to NTHI. Probed for polyamines (white dots) [putrescine (Put), 

cadaverine (Cad), spermidine (Spd)] and eDNA (white), counterstained with DAPI (gray 

regions). Polyamines localize to eDNA strands in biofilms that were formed in vivo; 

spermidine is the most prevalent polyamine in biofilm EPS. (FIG. 2B) Transmission electron 

microscopy images of complexes of DNA (5 μM) and spermidine (700 μM) (top) and DNA 

(5 μM), spermidine (700 μM), and HU (50 nM) (bottom) (adapted from Sarkar et al. (2007) 

Nucleic Acids Res. 35(3):951 61). Similar structures are formed by DNA-polyamine-IHF 

complexes. Sarkar et al. (2009) Biochemistry. 48(4):667-75. Polyamines induce DNA 

condensation and combine with DNABII proteins to form thick fibers. 

[0021]    FIGS. 3A – 3C:  Polyamine synthesis inhibitor reduces biofilm formation. (FIG. 

3A) COMSTAT quantification of LIVE/DEAD® stained NTHI biofilms grown in the 

presence of dicyclohexylamine (DCHA, 50 μM), a spermidine (Spd) synthase inhibitor, Spd 

(1 mM), or both. Bars represent the SEM. Statistical significance compared to control was 

assessed by unpaired t-tests, *P<0.05. Average thickness of biofilms was decreased by 

DCHA, while simultaneous addition of exogenous Spd restored biofilm formation. (FIG. 3B) 

Immunofluorescence microscopy images of eDNA scaffold structure in NTHI in vitro 

biofilms grown for 3h in the presence of DCHA (50 μM). Probed for dsDNA (white regions). 

eDNA scaffold structure production is greatly reduced by inhibition of polyamine synthesis. 
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WHAT IS CLAIMED IS: 

 

1. A method for inhibiting the stability of an established biofilm comprising contacting 

the biofilm in vitro with an effective amount of at least one agent that interferes with 

the binding of a polyamine to DNA in the biofilm, wherein the agent is selected from 

a tRNA, difluoromethylornithine, trans-4-methylcyclohexylamine,  sardomozide, 

methylglyoxal-bis[guanylhydrazone] (MGBG), 1-aminooxy-3-aminopropane, 

oxaliplatin, dicyclohexylamine, or a salt thereof. 

2. The method of claim 1 further comprising contacting the biofilm with an effective 

amount of an agent that interferes with the binding of the eDNA to a DNA binding 

protein and/or an antibacterial agent wherein the agent that interferes with the binding 

of the eDNA to the DNA binding protein is selected from one or more of an anti-

DNABII antibody, an anti-IHF antibody and/or an anti-HU antibody, or fragments of 

each thereof  

3. The method of claim 2, wherein the agent that interferes with the binding of the 

eDNA to a DNA binding protein has a net negative charge or a net positive charge. 

4. The method of any one of the preceding claims, wherein the methods are performed 

in the absence of administration of a DNAse enzyme. 

5. Use of an agent that interferes with the binding of a polyamine to the DNA in the 

biofilm and inhibits the stability of an established biofilm and an agent that inhibits 

the replication of the bacterium in the manufacture of a medicament for treating an 

infection caused by a bacterium that produces a biofilm in a subject in need thereof, 

wherein the agent that interferes with the binding of a polyamine to the DNA in the 

biofilm is selected from a tRNA, difluoromethylornithine, trans-4-

methylcyclohexylamine,  sardomozide, methylglyoxal-bis[guanylhydrazone] 

(MGBG), 1-aminooxy-3-aminopropane, oxaliplatin, dicyclohexylamine, or a salt 

thereof. 

6. Use of at least one agent that interferes with the binding of a polyamine to DNA in a 

biofilm and inhibits the stability of an established biofilm in the manufacture of a 

medicament for inhibiting the stability of a biofilm, or for treating a biofilm in a 

subject, or for preventing the formation of a biofilm in a subject susceptible to 

developing a biofilm, wherein the biofilm is to be contacted with the medicament,  

and wherein the agent is selected from a tRNA, difluoromethylornithine, trans-4-
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methylcyclohexylamine,  sardomozide, methylglyoxal-bis[guanylhydrazone] 

(MGBG), 1-aminooxy-3-aminopropane, oxaliplatin, dicyclohexylamine, or a salt 

thereof. 

7. The use of claim 5 or 6, wherein the biofilm is to be further contacted with an 

effective amount of an agent that interferes with the binding of the eDNA to a DNA 

binding protein and/or an antibacterial agent, wherein the agent that interferes with 

the binding of the eDNA to the DNA binding protein comprises one or more of an 

anti-DNABII antibody, an anti-IHF antibody and/or an anti-HU antibody, or 

fragments of each thereof.  

8. The use of claim 7, wherein the agent that interferes with the binding of the eDNA to 

a DNA binding protein has a net negative charge or a net positive charge. 

9. The use of any one of claims 5-8, wherein administration of a DNAse enzyme is 

absent. 
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