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ABSTRACT

Background: The increasing occurrence of pathogenic bacteria that are resistant to currently available antibiotics is one of the fastest growing concerns in modern
medicine. Thus, the continued development of new antimicrobial agents is vital to protecting human and animal health. The lantibiotic MU1140 is a novel 22
amino acid antimicrobial agent with s gnificant potential for pharmaceutical applications.

Methods: Methods for MU 1140 production by cultivation of Streptococcus mutans strain JH1140 and purification to near homogeneity have been developed. A
microbroth dilution method was usedto determine the minimum inhibitory concentration (MIC) of MU 1140 for 30 different species of Gram positive and negati ve
bacteria. Time-kill curves were determined using an in vitro constant concentration model to assess the antibacterial activity of MU 1140 against clinical isolates of
multidrug resistant Staphylococcus aureus (MDRSA) and vancomycin-resistant Enterococcus faecdlis (VRE). A mouse protection model was used to evaluate
MU 1140 efficacy in vivo. Resistance development of S pneumoniae and MDR SA to MU1140 was investigated by repeated subculture of these microorgani sms
using subinhibitory concentrations of the antibiotic.

Results: MU 1140 showed bactericidal activity in the 0.25-16 microgram per ml range against all of the Gram positive species tested, but no anti-bacterial activity
was observed against Gram negative bacteria in the concentration range tested. Time-kill studies showed that, MUI1 140 was bactericidal against S. pneumoniae and
MDRSA, and was bacteriostatic against VRE. The mouse septicemia model demonstrated protection when 2 doses (25 mg/kg) of MU1140 were administered 1
and 5 hours after intraperitoneal infection with S. aureus. Following 21 subcultures, development of resistance to MU 114 0 was limited to only an 8-fold increase
in MIC for S pneumoniae and 4-fold for MDR SA.

Conclusion: Ourresults indicate that MU11401isa suitable compound for further development as a therapeutic agent in the treatment of certain infectious diseas es.

INTRODUCTION

MU1140™ s a 22 amino acid antibiotic produced by Streptococcus mutans strain JH1140 (1,2). It belongs to the lantibiotic class A(I) ofbacteriocins characterized
by the presence of lanthionines (Ala—S—Ala)and other unusual amino acids made by post-translational modification (3). Like the ~50 other known lantibiotics,
the mature MU 1140™ molecule has multiple macrocyclic rings (Figure 1, A-D), including overlapping rings (C-D), which have precluded their chemical synthesis
to date. Like certain other type A lantibiotics, MU 1140™ has been shown to exert its antimicrobial effect by a novel mechanism (4) involving abduction oflipid Il
from areas of active peptidoglycan synthesis (Figure 2). However, unlike nisin, it does not create pores in the target cell’s membrane.

Figure 1, MU1140™ Figure 2, Lipid I-stained Bacil lus s ubti lis
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Producti on/ Purification: MU1140™ was prepared by proprietary fermentation methods and a five step purification method to yield a product that was ~95% pure.
Tier 1-3 Spectrum of Activity Testing: was performed by Focus Bio-nova/Eurfins Medinet, Inc., usinga microbroth dilution method. For tier 3 studies, vancomycin
wasusedas the comparator.

In Vitro Cytotoxicity Studies: Human keratinocyte cells in DMEM-1 were exposed to MU1140™ at different concentrations for 24 hours by MB Research
Laboratories (Spinnerstown,PA). Cel survival wasdetermined using the methyl thiazole tetrazolium (MTT) method.

Time Kill Studies: were performed using an in vitro static concentration model. At the indicated times, cultures of the target bacteria incubated in the presence of
varying concentrations of MU1140™ were serially d iluted and spotted on duplicate blood agar plates; the number of colonies which arose after one day incubation
were counted.

Maximum Tolerated Dose Studes: Jugular cannulated Sprague-Dawley rats were dosed intravenously (IV) by bolus administration of MU 1140™ or by infusion
using an Ismatec variable infu sion pump; signs of acute and subacute toxicity were observed overa 7 day period.

Protection Assay: Jugular cannulated male Sprague-Dawley rats were injected with 60x the LDs, of S. aureus strain ATCC 19636 in 5% mucin and then treated by
IV bolus injection 0of 12.5, 6.25 or 3.1 3 mg/kg MU1140™. The animals were monitored for 7 days following treatment.

Resistance: Target strains (S aureus strain OG322 [multi-drug resistant clinical isolate] and S. pneumoniae strain ATCC 49619) were inoculated into appropriate
broth media contaningserial 2-fold dilutions of MU 1140™. This process was repeated on a daily basis using cells from well s containing the highest concentrati on
of MU1140™ showing visible growth after 24 hrincubation. A sample of cells from every fifth subculture were subcultured 5 times in the absence of MU1140™
and their MIC’s determined rel ative to the original isolate.

RESULTS

Spectrum of Activity: When tested against 30 species of bacteria and yeast, MU 1140™ showed significant activity only against Gram positive bacteria, including
all species ofStaphylococci, Enterococci and Streptococci. Tier 3 testing demonstrated minimal to no alteration in MU 11 40™ activity again & oxacillin resistant
staphylococci or vancomycin resistant staphylococci and enterococci used in this study (Table 1).

Table 1, Tier 3 In Vitro Antimicrobial Activity of MU1140™

Microorganism (number) Antibiotic MIC (u g/ml)
MU 1140 | Vancomycin
Staphyloco ccus aureus
OXA-S(22) 2-8 0.5-1
OXA-R(33) 2-8 0.5>128
VANS (51) 2-8 0.5-2
VAN I (1) 44 44
VANR (3) 48 >128->128
Enterococcus faecalis
VAN S (17) 4-8 0.54
VANR (14) 4-8 32->128
Enterococcus faecium
VAN S (12) 2-8 0.5-1
VAN R (13) 1-8 64->128

Pharmacodynamics: MU1140™ was bacteriocidal against S. auweus (and S. pneumoniae) and bacteriostatic against E. faecalis in vitro (Figure 3A and B). In
preliminary studies, synergy with tobramycin was observed.

Figure 3A, Time Kill Study with S. aw-eus Figure 3B, Time Kill Study with E. faecalis
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Toxicity: MU1140™ at concentrations >3 16 pg/ml showed no significant in vitro toxicity against human keratinocytes. Bolus IV injection of MU1140™ at 50
mg/kg in CD-1 mice and Sprague-Dawley rats caused a brief reaction that could be blocked by prior administration of benadryl. Four IV infusions of MU1140™ at
5 mg/kg over a 1 hour period every 6 hours resulted in no si gnificant side effects.

Protection Study: In a preliminary study, Sprague-Dawley rats injected IP with 60-times the LDy for S aureus strain ATCC 19636 and then treated with a single
bolus IV injection of MU 1140™ showed d ose-dependent protection. The minimum dose resulting in long-term survival was 12.5 mg/kg.

Development of Resistance to MU 1140™: Repeated subculture of S. aureus and S. pneumoniae strains in the presence of sublethal concentrations of MU 1140™
resulted in a modest 4-8 fold increase in the MIC (Figure 4). Subculturing in the absence of MU 140™ did not result in a reduction in the MIC, indicating that the
increased resistance found in this study was a genetically stabk feature. In a second study, plating 100 cfu onto medium containing twice the MIC of MU 1140™
resulted in no genetically stable colonies withincreasedlevels of resistance.

Figure 4, Devel opment of Resistance to MU1140™
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CONCLUSIONS

Lantibiotics have long been considered to be excellent candi dates for use as antibiotics in the treatment of infectious diseases. The difficulty of achieving high yield

production and/or cost efficient purification has prevented their detailed study in this regard. Oragenics has developed proprietary methods for the production and

puri fication of MU 1140™ to enable the preclinical testing described here. Studiesto date indicate that MU 1140™ has the fol lowing properties:

« Itis chemically stable and resistant to hydrolytic enzymes in vitro, including those present in human and murine plasma;

It is poorly immunogenic;

« Its spectrum of activity includes a number of Gram positive pathogenic bacteria, including ones resistant to current frontline antibiotics;

» Ithasa novel mechanism ofaction involving abduction of lipid II;

¢ Its effective dose in rat and mouse S. aureus infection models is well below its maximumtolerated dose;

» Relatively small increases in MICs following repeated s ubculture in sublethal concentrations of MU1140™ are probably due to sel f-limiting changes in the
composition of target cell plasma membrane;

* Synergy with anaminogl ycoside was shown in a preliminary study;

« Tt binds reversibly to plasma proteins and, based on preliminary studies, has a half-life in the serum of Sprague-Dawley rats of approximately 12 hours.

Large scale, cost effective cGMP production of an MU1140™ analog can likely be achieved using Differentially Protected Orthogonal Lanthionine Technology

(DPOLT™) and routine peptide synthesis methods. These various features illustrate the potential of MU 1140™ to serve as a therapeutic agent for the management

of infections caused by Gram positive bacteria.
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