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SYNTHETIC AND ENHANCED BACTERIAL KILLING

INVOLVING BICYCLOMYCIN

CROSS REFERENCE TO RELATED APPLICATION

[6001] This application claims prionty of US. Provisional Application No. 01/805,228 filed on
Mar. 26, 2012, which 13 mcorporated heremn by reference in ifs entivety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] This mmvention was made with government support under 1DP2-0D007423-01, 1RO1-Al
073491, and 1R21-AT103781 awarded by the National Instifutes of Health. The govermment has
certam rights in the mvention.

BACKGROUND OF THE INVENTION

[0003] The Gram stain test, developed in the 1800s by Hans Christian Gram, 1s a method for
classifying different types of bacteria using a chemical stam and viewmg through a microscope
the results on the bacteria’s protective cell wall. Most bacteria are classified mto two groups—
Gram-positive or Gram-negative—depending on whether they retamn a specific stam color.
Gram-positive bacterita retam a purple-colored stam, while Gram-negative bacternia appear
pinkish or red.

[0004] Gram-negative bacteria can cause many types of infections and are spread to humans m a
variety of wavs. Several species, mclading Escherichia cofi, are common causes of food-borne
disease. Vibrio cholerae—ihe bacteria responsible for cholera—is a waterborne pathogen. Grany-
negative bacteria can also cause respuratory mfections, such as certan fvpes of pnewnonsa, and
sexually transmitted diseases, mcluding gonorthea. Yersinda pestis, the Gram-negative bacternun
responsible for plague, 1s fransnutted to people through the bite of an infected msect or handling
an infected animal.

[0005] Certain types of Gram-negative bacteria have become mcreasingly rvesistant to available
antibiotic drugs. Some strams are now resistant fo many, most, or all available freatments
resulting in increased iliness and death from bacterial mfections, and contributing to escalating
healthcare costs.

[8006] Treating Gram-negative bacterial mnfections can be diffienlt because of several unigue

features of these bacteria. For example, the unique nature of their cell wall makes them resistant
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to several classes of antibiotics. Tnfections have typically been freated with broad-spectrum
antibiotics, such as beta-lactams followed by carbapenems. However, even these diugs have
become wmeffective agamnst some bacterna, leaving healihcare providers no chotce but to use older
drugs, such as cobistinn, which can have toxic side effects

[6007] Bicyclomvern 15 another antibiotic that has shown polenicy agamst Gram-negaiive
pathogens. However, due to weak or lack of bactericidal activity, poor oral absorption, and ugh
nunsmal mihubitory concentration (MIC) relative fo that of agents such as the fluoroguinolones,
bicyclomvem has been marginally used. Furthermore, bactericidal antibiotics are not generally
co-administered with bacteriostatic antibiotics because in many cases the bacteniostatic antibiotic
will mterfere with the effectiveness of the primary bactericidal antibiotic, resulting m reduced
bactertal killing. For example, treatment with chloramphenicol and nfampicn, usually
anfagonizes killing by  bactericidal agents, such as  quinolones, beta-lactams, and
ammogiveosides, when combined as a treatment. A need exists for new antibiotics and
pharmaceutical compositions that are lethal, and not sunply bacteriostatic to control mfections
caused by multi-drug resistant Gram-negative bacteria.

SUMMARY OF THE INVENTION

[0008] The present invention relates to pharmaceutical compositions comprisig bicyclomyein,
a bactertostatic antibtotic, combmmed with other antibiotics and a pharmaceutically acceptable
carrier, including methods o treat a subject with a Gram negative bacterial infection.

[8009] In an embodiment, the mvention provides a method of treating a Gram-negative bacterial
mfection comprising admuustering to a subject m need thereot an effective amount of
bicyclomvem and at least one agent that mbubits bacterial RNA transcription or the translation of
bacterial mRNA to a peptide m a bacterial cell, wheremn the agent that mhibits bactersal RNA
transcription or the translation of bactertal mBNA to a peptide 15 adminsstered prior to the
adnumnistration of bicyclomyetn or concwrrently adnumistered with bicvclomyemnn. The
concentration of bicvclomycin may be about 1 MIC or more, and the concentration of the agent
that inhubits bacterial RNA transcription or the transiation of bacterial mRNA to a peptide m a
bacterial cell may be about 1 MIC or more. In certam embodunents, the agent that mhibits
bactertal RNA transcription or the franslation of bacterial mRNA to a peptide i a bacternial cell

mayv be a bacteriostatic agent. In certam embodiments, bicvelomycin and the basteriostatic agent
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are co-administered to the subject, wheremn the combination of the bicyclomyem and the
basteriostatic agent are bactericidal.

[0010] In certain emboduments, the agent thal mhibits bactersal RNA transcription or the
translation of bacterial mRNA to a peptide m a bactenial cell may be a tetracyeline,
aminoglycoside, lincosanude, sireplfogramun,  glveyloyelme,  amphenicol,  plewromutiling
macrohide, oxazohidinone and EF-G miubitor.

[0011] In cerfain embodimenis, the tefracveline mav be demeclocveline, doxyeycline,
minocycline, oxvtetracychine,  tetracycline, chlottetracychine, clomocveline, lymecyeline,
meclocychne, metacveline, penimepicyvehine, and rolitetracycline.  In certain embodiments, the
aminoglycoside may be streptomvem, dilivdrostreptonyycin, neomyan,  framveetin,
paromomycein, rnbostamyem, kanamvyem, anukacin, arbekacin, bekanamyeoin, dibekacin,
tobramyem, spectinomycmn, hvgromycm b, paromomycin, gentanucin, netidloicin, sisonucin,
sepamiciny, verdanucm, and astromicin. In certain embodiments, the hncosanide mav be
chndamyvem, limcomyamn, and prlmycm. In certain embodinents, the strepiogranun may be
quinupristin/dalfopristin, pristinamyem, and virginiamyvein.  In certamn embodiments, the
glyevleveline may be figecycline. In certain embodmments, the amphenicel may be
chloramphenicol, azidamfemcol, thiamphenicol, and florfenicol. In certain embodiments, the
plenwromutilin 15 selected from the group consisting of retapamulin, tamubin, and valnemulin, In
certam  embodinents, the macrolide mav be azithromyein, clanithromvemn, dirthromycin,
ervtiwomyein, fhuithromyein,  josamyemn,  midecamyein,  miocamvein,  oleandomvein,
rokitamvein, roxithromyem, sprramycin, froleandomyein, fviesin, ketohides, telithromvein,
cethromycin, and solithromycin. In certain embodiments, the oxazolidinone may be eperezohd,
linezolid, posizolid, radezolid, ranbezolid, sutezolid, and tedizolid. In certain embodmments, the
EF-(z mhibifor may be fusidic acid.

[0012] In certain embodunents, the Gram-pegaiive bacterta mav be Escherichia coli, Klebsiella
prieumonia, Acinetobacter bawmannii, Shigella dysenteriae, or Salmonelle typhimurivm.

[6013] In another embodiment, the invention provides a pharmmaceutical composition comprising
bicyclomycem, at least one agent that inhibiis bacterial RNA frauscription or the translation of
bacterial mRNA to a peptide in a bacterial cell, and a pharmaceutically acceptable carrier,
wherein the agent that inhibits bacterial RNA transcription or the translation of bacterial mRNA

to a peptide m a bacterial cell 1s released earlier than the bicyclomyein or concurrently with
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bwvclomyem. In a farther embodunent, the concentration of bicyclomyvein 15 about 1 MIC or
more, and the concentration of the agent that inhibits bacterial RNA tfranscription or the
transiation of bacterial mRNA 1o a peptide in a bacterial cell is about 1 MIC or move. In certain
embodiments, the agent that mbhibiuts bactertal RNA transcription or the translation of bacterial
mRNA fo a peptide 11 a bacterial cell may be a bacteriostatic agent. In a fiwther embodiment,
the bicyvclomvemn and basteriostatic agent are co-admuustered to the subject, wherem the
combination of bicyclomyein and basteriostatic agent are bactericidal.

[0014] In another embodiment, the mvention provides a kit comprising a pharmaceutically
acceptable dose unit of a pharmaceutically effective amount of bicyclomvem, and a
pharmaceuntically acceptable dose wmt of a pharmacentically effective amount of at least one
agent that miubits the synthesis of protemn in a bacterial cell, wherein the two pharmaceutically
acceptable dose untfs can oplionally take the form of a single pharmaceutically acceptable dose
umt. In a further embodiment, the concentration of bicvclomyein 15 about 1 MIC or more, and
the concentration of the agent that mhibits bacterial RNA franscription or the iranslation of
bacterial mRNA to a peptide in a bacterial cell is about 1 MIC or more. In certamn embodiments,
the agent that mhibifs bacterial RNA transcription or the franslation of bacterial mRNA to a
peptide 1n a bacterial cell 1s a bacteniostatic agent. In certam embodiments, the kit containing
bicyclomyvemn and bastertostatic agent, the combimation of bicyclomyein and the bastertostatic
agent 1s bactericidal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 depicts the structure of bicyclomyvem {(BCM ).

[o016] Fig. 2 depicts the stimulation of bicyvclomyein-mediated lethal activity by mhubitors of
bacterial RNA transcription or the iranslation of bacterial mRNA to a pepiide . Fig. 2A shows
the effect of bicyclomeyin concentration on swrvival of Escherichia coli. Fig. 2B shows the Rho-
specific, bicyclomycem-mediated synthetic lethalify with tetracveline.

[0017] Fig. 3 shows bicyclomcvin svnthetic lethalify with various Gram-negative bacterial
species. Fig. 3A. Klebsiella prneumonine, Fig. 3B. Salmowella tvphimurinm, Fig. 3C.
Acinetobacter baumannii, and Fig. 3D. Shigella dysenleriae.

[0018] Fig. 4 depicts the enhancement of bicyclomycin-mediated killing by various mhibitors of

protein synthesis.
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[0819] Fig. 5 shows pretreatinent with bicyelomyein (BCM) blocks synthetie lethality associated
with tetracyvelhine {Tet) co-treatment. Fig. SA shows the effect of bicyclomycin pretreatment on
synthetic lethality. Fig. 5B shows stability of putstive protective factor(s} produced by
bicyclonvemn treatinent. Fig. 5C shows bacteria are actively growing after bicyclomycm
prefregiiment.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Bicvelomycm 1s an anfibiotic that has shown potency agamst Gram-negative pathogens.
It has weak or lack of bactericidal activity, poor oral absorption, and high mmmal mhubitory
concentration {MIC) relatrve to that of agents such as the fluoroguinolones. However, the
present imvention addresses the need for new lethal antibiofic freatments, bicyclonun in
combination with certain other antibiotics provides a new bactericidal treatment for treating
Gram-negative imfections. The present invention provides pharmaceutical compositions
comprising bievclomyem combined with at least one other antibiotic that targets bacterial gene
expression, and a pharmaceuatically acceptable carrter. The present inventfion further mchides
methods to treat a subject with a Gram-negative bacterial mfection.

DEFINITIONS

[0021] An antibiotic that targets gene expression refers 1o an antibiotic that miubits RNA
transcription or the translation of mRNA to a peptide ("translation™), also referred to “protein
synthesis”.

[8022] As used herem, the singular forms "a," "an" and "the" mclade plural references unless the
content clearly dictates otherwise.

[0623] The term "about”, as used here, refers to +/-10% of a value.

[0024] As used herem, the ferm "subject” refers to anv anmmal {e.g., a bird, a fish, a mammal)},
mchiding, but not limsted to humans, non-human primates, rodents, dogs, cats, horses, cows,
goats, pigs, hivestock, and the hike, which 15 io be the recipient of a particular treatment.
Typically, the terms "subject” and "patient” are used inferchangeably herein m reference to a
human subject.

[0025] The term "effective amount,” "therapeutically effective amount” or "therapeuiic effect”
refers fo an amwount of an antibiotic or combination of antibiotics, or other drug effective to
“treat” a disease or disorder i a subject or mammal. In the case of a bacterial mnfection, the
therapeutically effective amount of the dmg has a therapeutic effect and as such can reduce the
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number of bacterial cells; decrease the multiplication of bactenial cells, relieve to some extent
one or more of the symptoms associated with the bacterial mfection; reduce morbidity and
mortahity; iprove quality of life; or a combination of such effects.

[6026] Terms such as "treating” or "treatment” or "to treat” or "alleviating” or "to alleviate” refer
to both 1) therapeutic mweasures that cure, slow down, lessen svmptoms of, and/or halt
progression of a diagnosed pathelogic condition or disorder and 2} prophylactic or preventative
measures that prevent and/or slow the development of a targeted pathologic condition or
disorder. Thus those in need of treatment include those already with the disorder; those prone to
have the disorder; and those in whom the disorder is to be prevented. In certain embodiments, a
subject 15 successiully "treated” according to the methods of the present mvention if the subject
shows one or more of the followmg: a reduction m the number of or complete absence of
bacterial cells; inlubition of growth or multiplication of bacteria; or some combination of effects.

[0627] “Bactericidal” 1s used herein to refer to an agent that causes the death of bacteria and 1s
used nterchangeably with “lethality™, “lethal™ or “bacterial killing”.

[0028] “Bacteriostatic” is used herein to refer to an agent that mbibits growth or mudtiphication
of bacteria.

[0029] “Synthetic lethality”™ 15 used herein to refer bacterial killing observed when a largely
bacteriostatic agent, e.g. bicyclomyem, 15 combined with another bacteriostatic agent to treat
bacteria.

[8036¢] “Enhanced lethality” is used herein to refer improved bacterial killing observed when a
largely baciertosiatic agent, e.g. bicyclomivein, 1s combined with a bactericidal agent but at non-
Aweak cidal concentrations to treat bacteria, such concentrations can be determined by one with
ordinary skill m the art, which mav be dependent upon the bacterial species bemng treated.

[8031] “Antibiotic” 13 used herem to refer to an agent that kidls or mhubits the growth of bacteria.

[0032] The term “bacterial gene expression mhibitor™ and “bacterial gene expression antibtotic”
are used mterchangeably.

[0033] "Treatment effective amount” 1s used berem to mean that amount which resulis i a
sutficient concenfration of bicyclomvem and an mbubitor of bactersal gene expression at an
mnfected site to therapeutically ameliorate or reduce the effects of the infection. The mfection
bemng treated can be the first occurrence or a subseguent reocomrence of the mfection m the
subject.
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[8034] “MIC” is used herein to mean nunimal inhibitory concentration, as known in the art for
the antibiotic referred to.

Pharmaceutical Compositions and Methods of Use

[6035] The mvention provides pharmaceutical composttions comprising bicvelomyem, at least
ong other aniibiotic, and 8 pharmaceutically acceptable carmer. In a turther embodiment,
bicvelomycin includes derivatives and phanmaceutically acceptable salts thereof The present
mvention Is also directed fo the use of the pharmaceutical compositions to treat a Gram negative
bacterial infection n a subject.

[0636] Bicvclomyetin targets and binds the transcription factor Rho. In a preferred embodiment,
the pharmaceutical composition comprises bicyclonivemn and at least one antibiotic that mlubits
bacterial gene expression {(“bacterial gene expression antibiotic™}, esther franscription, proteinn
synthesis or both. In a further embodiment, the pharmaceutical composition 15 formulated io
release the antibiotic that inlubits bacterial gene expression earher than bicyclomyvem. Ina
further embodiment, the MIC concentration of the bacterial gene expression antibiotic 1s released
prior to the release of bicyclomvein, wheremn the release profile reflects that the MIC
concentration of the bacterial gene expression antibiotic 15 reached i the subject prior fo the
release of the bievclomyein. In another embodument, the pharmaceutical composition 1s
fornmdated to release the antibiotic that mlubits gene expression concwrrently with bicyelomyomn,
wherein the release profile reflects that the MIC concentration of the bacterial gene expression
antibiotic 13 reached m the subject prior to the release of the bicyclomyemn. In certain
embodunents, the pharmacentical composition 18 formulated, whereby the concenfration of
bicyclomvem m a subject will not be above the bicvelomycin MIC for more than 5, 2, 1, or .1 In.
In a further embodiment, the conceniration of bicyelomyetn 1 a subject will not be above the
bicvelomycem MIC for more than 5, 2, 1, or .1 I, while the bacterial gene expression antibiotic is
below its MIC. Oune with ordipary skall m the art can determune the proper concentration of
bicvelomyein and the proper conceniration of the bacterial gene expression anfibiotic for a
pharmaceuntical composiiion fornmdation, wheremn the protective effect of bicyelomyom i a
subject 1s avouded. In certain embodiments, the concenfration of bicvclomyein and the
concentration of the antibiotic that mhubits gene expression 1s higher than the standard MIC {of
either agent) known in the art to treat a Gram negative infection 1n a subject independently and
the pharmaceutical composiiton 18 bactericidal.  For itllustrative purposes, when bicyclomyein or

7
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tetracycline 1s used alone, even at concentrations of mmuitiple times of MIC, the freatment 13
bacteriostatic. However, when combining bicyclomycm at the concentration slightly above its
MIC and tettacvcline at the concentration shighily above s MIC, the pharmacentfical
composition is synthetically lethal, as opposed to being bacteriostatic.

[6037] In one embodiment, antibiotics that mlubit transcription mclude nifamyem, rifabutin,
rifapentine, rifaximin, derivatives thereof, and pharmaceutically acceptable salts thereof that are
koown m the art.

[0038] Protein synthesis ihibiting antibiotics general refer to antibiotics that target ribosomal
translation of peptides. Protemn synthesis mhubiting antibiotics generally interfere with the
processes at the 30S subunit or 508 subumut of the 708 bactertal nibosome, 1w particular, (1) the
formation of the 308 mittation complex (made up of mRNA, the 308 nibosomal subunit, and
formyl-metluonvi-transfer RNA), (2) the formation of the 708 ribosome by the 308 miliation
complex and the 50S ribosome, and (3) the elongation process of assemblmg amine acids mio a
polypeptide’ premature fermination of a peptide. Protemn synthesis idubiting antibiotics mclude
withont linutation, tetracycline, anunoglveoside, lincosamide, streptogranun, glvevleveline,
amphenicol, pleurommtilin, macrolide, oxazolidinone, EF-G mhibitors, denivatives thereof, and
pharmaceutically acceptable salts thereof

[0039] Tetracychnes mhubit bactertal cell growth by inlubiting translation by binding to the 168
part of the 30S nibosomal subumit and preventing the amino-acyl fRNA from bmdmg fo the A
site of the nbosome. Tetracychines melude without himitation demeclocyeline, doxyeveline,
nunocycline, oxvietracvehine, tefracvehine, doxveveline, chlorfetracychine, clomocycline,
Iymecvchine, meclocychine, metacyvchine, pentmepicvchne, rolitetracyeline, dervatives thereof,
and pharmaceutically accepiable salts thereof

[8040] In certamn embodiments, the tetracvchine 18 demeclocychine, doxyeyeline, minocveline,
oxvtetracycline, tetracveline, chlortetracveline, clomocychine, lymecveline, meclocycline,
metacycline, pentmepicyclme, rolitetracveline, derrvatives thereof, and pharmaceutically
acceptable salts thereof.

[0041] Anmunoglveosides are compounds that are characterized by the presence of an
aminocyelitol rmg linked to aminosugars in thewr structure. Ammoglycosides primarily act by
bmding to the aminoacyl stfe of 168 ribosomal RNA within the 308 ribosomal subumit, leading

to misreadmg of the genetic code and mlubition of translocation.  Aminoglyeosides inclunde
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without limitation, streptomyemn, dibyvdrostreptomyein, neomvein, framyeeting paromomyeln,
ribostamyetn,  kanamvem,  anunkacitn,  arbekacin, bekanamvemn,  dibekacin,  tobramyen,
spectinomyer, hyvgromyein b, paromomycn, genfamicin, neliloicin, sisomicm, sepanuciu,
verdamicin, astronicin, dertvatives thereof, and pharmaceutically acceptable salts thereof.

[0042] In certam embodiments, the aminoglycoside is streptomyem, dibvdrostreptomyan,
neomveim, framyeetin, paromomyvem, rbostamyvein,  kapamyem,  amikacmn,  arbekacin,
bekanamycin, dibekacm, fobramvein, spectinomyci, bygromyemn b, paromomyci, gentanucin,
netilmicin, sisonmicm, sepamicin, verdanucm, astromcin, derivatives, and pharmaceutically
acceptable salts thereof.

[0043] Lincosamides mterfere with the synthesis of proteins by biding to the 23s portion of the
50S subunit of bacterial ribosomes and causing prematwre dissociation of the peptidylHRNA
from the nibosome. Lincosanudes wclude wihout hmutation, chindamvein, hncomvem,
pirhmyvem, derivatives thereof, and pharmacentically accepiable salts thereof.

[0044] In certain embodimenis, the lmcosanude 15 clindamvem, lhincomyeomn, pirhimyein,
derivatives, derivatives thereof and pharmaceutically acceptable salts thereof

[0045] Strepiogranuns nchide sireptogamim A and B, and mayv be a mixture. Sireptogramin A
binds to the peptidyl transferase domam of the 30s nbosonmial subunit, preventing elongation.
Streptogramin B prevents protemn chain extension and can inttiate the release of imcomplete
peptides.  Strepotgamuns inchude without hnutation, gumupristin/dalfopristin, pristinamycin,
virginiamycm, derntvatives thereof, and pharmaceutically acceptable salts thereof

[0046] In certain embodiments, the streptogamin 15 sireptogamin A, sireptoganun B,
qunupristin‘dalfopristin, pristinamvemn, virgimtamyein, derivatives thereof and pharmaceutically
acceptable salts thereof

[8047] Glvevileyehnes are antibiotics derived from fetracychine. These tetracyehine analogues are
spectfically designed to overcome fwo conunon mechanisms of tetracychine ressstance, resistance
mediated by acquired efflux pumps and/or ribosomal protection. Glveylovehines melude without
hinutation, tigecychne, N N-dimethylglvevel-anino dertvative of nunoclychine (DMG-MING),
and 6-dimethvi-6-decocvietracveline (DMG-DMDOT), denivatives thereof and pharmaceutically

acceptable salts thereof.
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[0048] In certamn embodiments, the glvevlevelme 18 tigecveline, N N-dimethviglveyel-anuno
derivative of minoclychne (DMG-MINO), and 6-dimethvi-6-decocvietracyehine (DMG-
DMDOT), dertvatives thereof, and pharmaceutically acceptable salis thereof.

[0049] Amphenicols block the enzvme peptidyl transferase on the 30X ribosome subunit of
bacteria. Awphenicols  mchwde without  himifation,  chloranphenicol,  azidamfenicol,
thiamphenicol, florfenicol, derivatives thereof and pharmaceutically acceptable salts thereof.
[0050] In  certam  emboduments, the amphenicol 15 chlorampbenicol, azidamfenicol,
thiamyphenicol, florfenicol, derivatives thereof, and pharmaceutically acceptable salts thereof.
[0651] Plewromutiling inhibit protein synthesis m bacteria by binding to the peptidyl transferase
component of the 350S subuntt of nbosome. Pleuromutilins include without himutation,
retapamubin, tamudin, valnenmulin, derivatives thereof and pharmiaceutically acceptable salts
thereof.

[0052] In certamn embodiments, the plewomeuwtilin 1z retapamubin, tianmmbin, valpemubin,
derivatives thereof, and pharmaceutically acceptable salts thereof.

[8053] Macrolides contain a macrohide ring and bind to the P site on the subunit 308 of the
bacterial nibosome. Macrohdes mchide withowt limifation, azithromryoin, clanthromvein,
dirithromycin,  ervthromyem, flurthromycmn,  josamyeln,  midecamycin,  nuocamycin,
oleandomycin, rokitamycin, roxithromyvemn, spiamyein, froleandomyem, fylosin, ketohdes,
telithromyvein, cethromvein, selithromycm, derrvatives thereof and pharmacentically acceptable
salts thereof

[0054] In certain embodiments, the macrolide 1s azithromvem, claritlromyvem, dirithromvein,
ervthromyem, flurithromycn,  josamyemn,  nudecamycin,  puocamyemt, ofeandomyen,
rokitamyein, roxithromyvem, spuamvein, toleandomyein, tylosm, ketolides, tehithromyoin,
cethromyein, solithromyem, dentvatives thereof, and pharmaceutically acceptable salts thereof
[0035] Oxazolhidinones mhibit protetn synthesis by binding at the P site at the ribosomal 308
subunit.  Oxazolidinones mclude without linutation, eperezolid, hinezohid, posizolid, radezolid,
ranbezohd, sutezohid, tedizolid, derivatives thereof and pharmaceutically acceptable salts thereof
[0056] In certain embodiments, the oxazohidinone 15 eperezohid, hinezolid, posizolid, radezolid,
ranbezolid, sutezolid, tedizolid, derivatives thereof, and pharmaceutically acceptable salts

thereof.
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[8057] Elongation factor G {EF-G) 1s a wanslational GTPase catalysing two different steps of
proteins synthesis. Fust, EF-G is needed for translocation of tRNAs and mRNA with respect to
the ribosomal 308 subuanit {o make a new mRNA codon available for decoding. Second, EF-G
acts together with ribosome recyching factor {RRF} in sphitting of the ribosomal post-termination
complex. EF-G mhibttors are known 1 the art and melude fusidic acid, dertvatives thereof and
pharmaceuntically accepiable salts thereof.
[0038] In cerfain embodiments, the EF-G mlubitor s fusidic acid, denvatives thereof and
pharmaceutically acceptable salts thereof
[0059] To admuuster the pharmaceutical composttion fo a subject, it 1s preferable to formulate
the melecules 1 a composition comprismig one or more pharmaceuntically acceptable carriers.
The phrase "pharmaceutically acceptable”™ refers to molecular entittes and compositions that do
not produce allergic, or other adverse reactions when admuustered using routes well-known m
the art. "Pharmaceutically acceptable carriers” mchide any and all clinically useful solvents,
dispersion media, coatings, antibacterial and anfifungal agents, isofonic and absorption delaying
agents, modified release components, and the hke.
{3068] The carrier may be formed of any suitable pharmaceutically accepiable or therapeutically
acceptable material, which 1 well known. The carnier may comprise of a metal, glass, hipid,
protein, polymer or any combinations thereof.
{861} The pharmaceutics] compostiion of the present mvention can be m the form of discrele
peliets or particles contained i a capsule, or parficles embedded i 2 tablet or suspended w1 a
quid suspension. In g further embodiment, the phanmaceutical composition may be fornwlated
as a delaved release formulation, a3 1s known i the art
[0062] In an embodiment of the present mvention, the formulation contains a modified release
component. Such component can be m the form of a modified release particle, coating, laver, or
mattix. By "modified release”, it 1s meant that the component allows for a release of an active
compound {bicyvelomyvein and/or bacterial gene expression antibiotic) from the component that is
{mmmediate or} not munediate. For example, the release may be controlied or it may be delayed
i part and mumediate m other parts. By "controlled release™ 1t 1s meant that the release of the
agent 15 characterized by a spectfic release profile m which, for a specific peniod of time, a
specific rate of release 1s achieved. Various different rates of release may be achteved af different
periods of time. By "delayed release™ it is meant that the agent 18 released after a pertod of delay
11
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in which the agenf is nof released. The agent may be released immediately following the period
of delay, m which case the component 1s considered to be a "delayed mumediate release” either in
a particle or & laver or alike. Alfematively, the agent may be released on a controlled release
basis following the mitial delay period, m which case the particle is considered to be a "delaved
controlled release” particle.
[3063] In an embodiment of the present mvention, an agent of mterest (bicvelomyein andior
bacterial gene expression amtibiotic) 1s released from the formmlation m a "pulsatile” manner. A
pulsatile release profile 13 one in which, over the cowrse of time, at least two pertods m which
there are relatively high blood plasina concentrations of the agent ("peaks™) are separated by a
blood plasma concenfration level of the agent (a "trough™). Pulsatile release profiles i which
there are two peaks are called "bimodal” release profiles. A bimodal release profile may be
achieved, for example, by the combmation of particles which allow for the munediate release of
the agent of mterest with particles which allow for the delaved release of the agent after a period
of fime. Additional populations contanung particles which allow for the delaved release of the
agent after differing periods of time may be used to create a release profile with additional higher
blood plasma concentration "peaks”.
[6064] In another embodmment, an agent of mterest (bicvclomyem andfor bactertal gene
expression antibiotic) is released from the formmlation m a "continuous™ manner. In such a
release, the agent of mterest is released v continuously, either at a constant or a vanable rate.
This may be achieved by the use of modified release particles, mecluding two or more different
populations of modified release particles with each population releasing the agent of mterest at
different rates.
[0063] To allow for modified release of the agent of interest (bicvclomyein andfor bacterial gene
expression antibiotic), the particle may contain a modified release coating or a modified release
mattix. The coating or mairix serves to retard the release of the agent from the particle. The
release characteristics of a particle may be adjusted by adjusting the amount of the coating or
matrix, for example, by applyving a thicker coating to the particle, or by adjusting the ingredients
of the coating or mairix.
[8066] Any coating material which modifies the release of the agent of interest (bicyelomycm
and/or bacterial gene expression antibiotic) 1o the desired manner mav be used. Examples of
coating materials which are suitable for use m the practice of the present invention melude:
12
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polymer coating materials, such as cellnlose acetate phthalate, cellulose acetate trimaletate,
hydroxy propyl methyvicellulose plithalate, polvvinyl acetate phthalate, ammonio methacrviate
copolyniers such as those sold under the rademark Endragii® RS and RL, poly actvlie acid and
poly acrvlate and methacrylate copelyimers such as those sold under the trademark Eudragit® 8
and L, polyvinyl acefaldiethylamino acetate, hydroxyvpropyl methyleellnlose acefate succmate,
and shellac; hydrogels and gel-fornung materials, such as carboxyvinyl polymers, sodim
alginate, sodium carmellose, calcmum carmellose, sodiam carboxvmethyl sfarch, pely vinyl
alcohol, hydroxvethyl cellulose, methyl cellulose, gelatin, starch, and cellulose based cross-
linked polvmers--m which the degree of crosshinking is low so as to facilitate adsorption of water
and expansion of the polymer matrix, bydoxypropyl cellulose, hyvdroxypropvimethyleellulose
{HPMC), polyvinvlpyrrelidone, crosslinked  starch, mucrocrystalline  cellulose,  chitin,
anunoacryl-methacrylate copolvimer (Eudragit® RS-PM, Rohm & Haas), pullulan, collagen,
casein, agar, gum arabic, sodinm carboxymethyl cellulose, {swellable hydrophilic polymers)
poly{hydroxvalkyl methacrvlate), polyvmylpyrrolidone, antonic and cationic hydregels,
polyvinyl alcohol baving a low acetate residual, a swellable mixture of agar and carboxymethyl
cellulose, copolymers of maleic anhvdnide and styrene, ethvlene, propylene or iscbuiviene,
pectin {mn. wt. about 30 k-390 k), polysaccharides such as apar, acacia, karaya, tragacanth, algins
and guar, polyvacrviamides, AquaKeep® acrylate polymers, diesters of polyglucan, crosshinked
polyvinyl alcohol and poly N-viavl-2-pvirolidone, sodium starch glucolate; hvdrophilic
polymers such as polysaccharides, methyi cellulose, soduim or caleum carboxymethyl cellulose,
ntiro cellulose, carboxymethyl cellulose, cellulose ethers, polyethviene oxides {e.g. Polyox®,
Union Carbide), methvi ethyl cellulose, ethylhvdroxy ethyleellnlose, cellulose acetate, cellulose
butyrate, cellulose propionate, gelatmn, collagen, starch, maltodextrin, pullulan, polyvinyl
pyrolidone, polyvinyl alcohol, polyvinyl acetate, glveerol fatty acid esters, polvacrylanide,
polyacrvlic acid, copolymers of methacrviic acid or methacrylic acid (e.g. Endragii®, Robhm and
Haas), other acrvhic acid dertvatives, sorbifan esters, natural gums, lecithins, pectin, algmates,
ammonia alginate, sodmum, calcium, potassium algmates, propylene glycol algmnate, agar, and
gums such as arabic, karaya, locust bean, tragacanth, carrageens, guar, Xxanthan, scleroglucan and
nuxtures and blends thereof.

[0067] As will be appreciated by the person skilled m the art, excipients such as plasticisers,
Inbricants, solvents and the like mayv be added to the coating. Suntable plasticisers mclude for

i3



WO 2014/160814 PCT/US2014/031924

example acetvlated moneoglycerides; butyl phihalyl butvl glyeolate: dibutyl tartrate; diethyl
phthalate; dimethyl phthalate; ethvl phthalyl ethyl glveolate; glyecerm; propvlene glycol;
triacetm; ctirate; fripropioin;, diacetin; dibutyl phthalate; acetyl monoglyceride; polyetbhylene
glycols; castor oil; triethvl citrate; polyvhvdric alcohwols, glycerol, acetate esters, gyvlcerol
triacetate, acetyl irethyl citrate, dibenzyl phthalate, dibexyl phthalate, butyl octyl phthalate,
diisononyl phthalate, butyl octyl phthalate, dioctyl azelate, epoxidised tallate, trusoetyl
trimellitate, diethylbexyi phthalate, di-n-octvi phthalate, di-i-ocivl phthalate, di-i-decyl phthalate,
di-n-undecyl phthalate, di-n-tndecyl phthalate, tri-2-ethyvlhexyvl trimellitate, di-2-ethylbexyl
adipate, di-2-ethylhexyl sebacate, di-2-ethvlhexyl azelate, dibutyl sebacate. Suitable seolvents
inchude aceione and sopropyl alcohol.

[0068] In an embodiment 1 which a delayved inmediate release 1s desired, the coating used mayv
be enteric. Enteric coatings comprise pH sensifive pelvmers. Typically, these polymers are
carboxylated and mteract sparingly with water at low pH. However, at a high pH, the polvmer
tonizes which causes swelling or the dissolution of the polymers. Such coatings may, therefore,
remain intact i the acidic environment of the stomach and then dissolve m the more alkahne
environment of the intestine.

[0069] Any matnx material which modifies the release of the agent of interest (bicyclomyein
and/or bactertal gene expression antibiotic} mn the desired manner may be nsed. Examples of
matrix materials which are suitable for use in the practice of the present mvention include:
hydrophilic polymers, hvdrophobic polymers and muxtures thereof which are capable of
modifying the release of the agent of interest dispersed therem in vifre or in vive: Modified-
release matrix materials suitable for the practice of the present mvention include but are not
linuted fo microcrytalline cellulose, sodmm carboxymethylcellulose, hydoxvalkyicelluloses such
as hydroxvpropylmethyvicellulose (HPMC) and hydroxvpropyleellulose, polvethylene oxide,
alkvicelluloses such as  methyicellulose and ethyvlcellulose, polvethylene glveol,
polyvinyipyrrolidone, cellulose acteate, cellulose acetate butyrate, cellulose acteate phthalate,
cellulose acteate trimellitate, polyvinylacetate phthalate, polyalkyvlmethacrylates, polyvinyl
acetate and nuxture thereof.

[8070] In an embodiment of the mvention, the formulation releases the bacterial gene expression
antibiotic 1o such a manner, that the duration of action of the bacterial gene expression antibiotic
matches that of bicyclomyvein (simultaneous release}, or prolonged (bacterial gene expression
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antibiotic released first followed by the release of bicyclomycein). This may be accomplished by,
for example, using modified release particles which comprise the active ingrediemt andior
nndified release particles which comprise the second active mgredients. The release 18 modified
such that the release of one active compound 15 over a peniod of hime such that the duration of
action of that compound matches that of the other active compound. In such an embodiment, the
release of the second active componnd may also be meodified.
[0071] An mmediate release laver or particle may be made, for example, by coating a sohution
comprising the agent of mnterest onto an mert bead (for example, a sugar sphere). Followmg
coating, the solvent dries off, leaving the mmmediate release particle.
[0072] A modified release particle may be made, for example, by coaling an immediate release
particle such as that described above with a solution comprising the agents of a modified release
coating. Following coating, the solvent dries off, leaving the modified release particle.
[0673] The particles described above may be combined to form a larger solid dosage form, for
example a tablet, a capsule, a lozenge, etc.
The mwvention provides a methed for the treatment of pain comprising the step of delivering to
the patient a formulation comprising a parcotic analgesic and a non-narcotic analgesic.
[0674] The mvention also provides methods for treating a Gram-negative bacterial infection m a
subject 1 need of such treatment comprising administering effective amounts of bicyclomyem
with a bacterial gene expression anfibiotic to said subject. In a preferred embodiment, the
bacterial gene expression anfibiotic is adnunistered earlier than bicyvclomvem. In a further
embodunent, the MIC concentration of the bacterial gene expression antibtotic 15 reached m the
subject prior to the admunistration of the bicvclomyvem. In a further embodiment, the
concentration of the bicyclomyvein mn a subject falls below the bicyclomyem MIC concentration
prior to the re-admimistration of a bacterial gene expression antibiotic. One with ordmary skill in
the art may be able to implement a dosing regimen, whereby the concentration of bicvclomycin
i a subject 18 below the bicyclomvein MIC conceniration m a subject before the MIC
concenfration of a bacterial gene expression antfibiotic i a subject i1s reached, to avoid the
protective effect of bicyclomyvem. In certamn embodiments, the concentration of bicyvclomycin in
a subject will not be above the bicyclomyem MIC for more than 3, 2, L. or .1 v, In a huther
embodunent, the conceniration of bicyclomycm 1n a subject will not be above the bicvelomycomn
MIC for more than 5, 2, 1, or .1 hr. while the bacterial gene expression antibiotic is below ifs
i

LA



WO 2014/160814 PCT/US2014/031924

MIC. In a preferred embodiment, the concentration of the bicvclomyein m a subject will not stay
above the bactertal gene expression antibiotic MIC concentration. In certamn embodinents, the
concentration of bicyclomvein and the concentration of the antihiofic that mbhibis gene
expression 15 higher than the standard MIC {of either agent) known tn the art to treat a Gram
negative infection mn a subject independently and the combination 1s bactericidal.

[8075] In another embodument, the bacterial gene expression antibiotic can be administered
concwrently with bicvelomvein, wheremn the MIC conceniration of the bacterial gene expression
anfibiotic 18 reached in the subject prior to the MIC concentration of bicyclomvem. Une with
ordinary skill in the art can determine the proper dose of bicyclomvein and the proper dose of the
bacterial gene expression antibiotic for a subject, wherein the protective effect of bicyclomyein
i a subject 13 avoided. In certain embodunents, the concentration of bicyclomycin in a subject
will not be above the bicyclomyemn MIC for more than 5, 2, 1, or .1 br. In a further embodunent,
the concentration of bicyclomvem m a subject will not be above the bicyelomyein MIC for more
than 3, 2, 1, or .1 hr. while the bacterial gene expression antibiotic 1s below its MIC. In a
preferred embodiment, the concentration of the bicyclomvem m a subject will not stav above the
bacterial gepme expression antibioic MIC concentration. In cerfam embodiments, the
concentration of bicyclomycin and the concentration of the antibiotic that milubifs gene
expression 1s higher than the standard MIC (of etther agent) known 1o the art fo treat a Gram
negative miection in a subject mdependently and the combmation 1s bactericidal.

[8076] Gram-negative bacteria are a class of bacteria that do not take up the crystal vielet stam
used in the Gram staining method of bacterial differenfiation, making positive identification
possible. Gram-negative bacteria have a cytoplasmic membrane, a thin peptidoglycan layer, and
an outer menibrane contamning lipopolysaccharnde.

[8077] The Gram-negative bacterial infection may be caused by Escherichia cofi (E. coli},
Salmonelia, Shigella, Pseudomonas, Moraxelln, Helicobacter, Stenotrophomonas, Bdellovibrio,
Acinetobacter, Vibrio, Yersinia, Legionella, Enterobacter, Brucelln, Campylobacter, Neisseria,
Neisseria ponorrhoeae, Neidsseria meningitidis, Moraxella catarvhalis, Hemophilus influenzae,
Klebsiella preumoniae, Legionella pneumophila, Pseudomonas aevuginosa, Profeus mivabilis,
Emerabacter cloacae, Servatia  mareescens, Helicobacter pviori, Salmonella  emteritidis,

Salmonella tiphi, and deinetebacter baumannii,
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[8078] In certain embodiments, the Gram-negative infection is caused by E. coli, Klehsiolla,
Klehsiella pnawmonia, dcinetobacter, Acinetobacter baumesmii, Shigelln, Shigella dvsenteriae,
Satmonella, or Safmonella tvplimurium.

[0079] Depending on the nature of the Gram-negative bacterial infection, the pharmaceutical
compostirons of the mstant mvention may be adnumistered by routes mdependently selecied from
the group consisting of oral admumstration, iniravenous adnunistration, miraarterial
adnumstration,  miramuscular admimistration,  mfracramal  admmistration,  infrathecal
administration, intraventricnlar  admumstration, mtrawetlnal  adoynistration,  intravagmal
admimstration,  subcutaneous  adnumistration,  mtraocular  admumstration,  infranasal
administration, locally {e.g.. powders, omtments or drops). or as a buccal or nasal spray, and any
combinations thereof.

[0080] In the present specification, parenteral wmicludes subcufaneous mjection, mtravenous
injectton, mframuscular injection, infraperitoneal myection, drip or topical admimstration
{transdermal  admumistration, transocular adnunusiration, transpulmenary or  bronchial
adnumstration, fransnasal administration, transrectal adiministration and the kke) and the like.
[0081] Compositions suitable for parenferal injection may comprise physiologically acceptable
sterife aqueous or nonagueous solutions, dispersions, suspensions or emmistons, and sterie
powders for reconstifution mto sterile mjectable solutions or dispersions. Examples of suitable
aqueous and nonaqueous carders, diluents, selvents, or velucles including water, ethanol, polvols
{propvieneglvcol, polvethylene glycol. glycerol, and the hke), swmitable mixtures thereof]
vegetable ails (such as ohive oil) and injectable organic esters such as ethyl oleate. Proper fhudify
can be mamtained, for example, by the use of a coating such as lecithin, by the mamtenance of
the required particle size i the case of dispersions, and by the use of surfactanis.

[0082] The dose of the pharmaceutical composition of the present mvention i1 determuned
according to the age, body weight, general health condition, sex, diet, adnunistration time,
adnunistration method, clearance rate, and the level of disease for which patients are undergoing
treatiments at that time, or further m consideration of other factors. While the daily dose of the
agent of the present tnvention varies depending on the condition and body weight of patient, the
kind of the agent, adnunistration route and the like 1t in parenterally administered at, for
example, 0.01 to 3000 mg/patient/day by subcutaneous, itravenous, tframuscular, fransdermal,
transocular, transpulmonary bronchial, or transnasal admunistration.
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[BOR3] Oral dosage forms may mclude capsules, tablets. emulsions and agueons suspensions,
dispersions, and solutions. In the case of tablets, conunonly used camiers include, but are not
limited to, laciose and comn starch. Lubricating agents. such as, bul not linuted to, magnestni
stearate, also are typically added. For oral admunistration in a capsule form, usefid dilnents
mmelnde, but are not lumited to, lactose and dried corn starch. When agqueous suspensions or
emulsions are admimstered orally, the active ingredient can be suspended or dissolved in an oily
phase combined with emulsifving or suspending agents. If desired, cerfain sweetening, flavoring,
or coloring agents can be added. In a preferred embodument, the oral dosage 15 m the formi of a
controlled release formulation; such formulations are known m the art.
[0084] In particular examples, a dosage range is from about 1.0 to about 5000 mg'kg body
weight adnumistered m smele or divided doses, inclnding from about 1.0 to about 20006 mg'kg
body weight, from about 1.0 to about 500 mg/kg body weight, from about 1.0 to about 23 mgke
body weight (assunung an average bodv weight of approximately 70 kg, values adjusted
accordingly for persons weighing more or less than average).
[B085] For oral admumistration, the compositions are, for example, provided in the form of a
tablet contaimning from about 30 1o about 3000 mg of the bicvclomyetn, particularty about 75 mg,
about 100 mg, about 200 nmig, about 400 mg, about 500 mg, about 600 mg, about 730 mg, about
1000 mg or 2000 mg of the bicyclomyemn for the symptomatic adjustment of the dosage to the
subject bemg treated.
[8086] For oral admunmistration, the compositions are, for example, provided in the form of a
tablet comfainig from about about 30 to about 5000 mg of the bicvclomycin, particularly about
75 mg, about 100 mg, about 200 mg, about 400 mg, about 500 mg, about 600 mg, about 730 mg,
about 1000 mg or 2000 mg of the tefracvcline for the symptomatic adjustment of the dosage to
the subject being freated.
[0087] For oral administration, the compositions are, for example, provided in the form of a
tablet comfainig from about about 30 to about 5000 mg of the bicvclomycin, particularly about
75 mg, about 100 mg, about 200 mg, about 400 mg, about 500 mg, about 600 mg, about 730 mg,
about 1000 mg or 2000 mg of the amnoglycoside for the svmptomatic adjustment of the dosage
to the subject bemg treated.
[0088] For oral admmistration, the compositions are, for example, provided in the form of a
tablet containng from about about 36 to about 3000 mg of the bicyclomyvein, particularly about
i8
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75 mg, about 100 mg. about 200 mg, about 400 mg, abount 300 myg, about 600 mg, abowt 750 mg,
about 1000 mg or 2000 myg of the hincosannde for the symptomatic adjustment of the dosage to
the subject being freated.

[0089] For oral adnunistration, the compesitions are, for example, provided in the form of a
tablet containing from about about 50 to about 3000 mg of the bicyelomyvein, particnlarly about
75 mg, about 100 mg. about 200 mg, about 400 mg, abount 300 myg, about 600 mg, abowt 750 mg,
about 1000 mg or 2000 mg of the streptogramin for the symptomatic adjustiment of the dosage to
the subject being treated.

[0099] For oral adnunistration, the compositions are, for example, provided in the form of a
tablet contaiming from about about 30 to about 3000 mg of the bicyclomvein, particularly about
75 mg, about 100 mg. about 200 mg, about 400 mg, about 300 mg, about 600 mg, about 750 mg,
about 1000 mg or 2000 mg of the glyevleycline for the sympiomatic adustinent of the dosage fo
the subject being treated.

[0091] For oral adnunistration, the compositions are, for example, provided i the form of a
tablet containing from about about 30 to about 3000 mg of the bicvclomycin, particularly about
75 mg, about 100 mg, about 200 mg. about 400 myg, about 500 mg, about 600 mg, about 750 mg,
about 1600 mg or 2000 mg of the amphenicol for the symptomatic adjustiment of the dosage to
the subject being treated.

[0092] For oral adnumistration, the compositions are, for example, provided in the form of a
tablet containing from about about 30 to about 3000 mg of the bicvclomycin, particularly about
75 mg, about 100 mg, about 200 mg. about 400 myg, about 500 mg, about 600 mg, about 750 mg,
about 1000 mg or 2000 mg of the plewronutihn for the symptomatic adjustment of the dosage to
the subject being treated.

[8093] For oral admumistration, the compositions are, for example, provided in the form of a
tablet comfainig from about about 30 to about 5000 mg of the bicvclomycin, particularly about
75 mg, about 100 mg, about 200 mg. about 400 myg, about 500 mg, about 600 mg, about 750 mg,
about 1000 mg or 2000 mg of the macrolide for the symptomatic adiustiment of the dosage to the
subject bemg treated.

[8094] For oral admumistration, the compositions are, for example, provided in the form of a
tablet comfainig from about about 30 to about 5000 mg of the bicvclomycin, particularly about
75 mg, about 100 mg, about 200 mg, about 400 mg, about 500 mg, about 600 mg, about 730 mg,
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about 1000 mg or 2000 mg of the oxazolidinone for the symptomatic adjustment of the dosage to
the subject being treated.

j0095] For oral admumistration, the compositions are, for example, provided m the form of a
tablet containing from about about 38 to abont 300(t mg of the bicyclomyem, particularly about
75 mg, about 100 mg, about 200 mg, about 400 mg, about 500 mg, about 600 mg, about 730 mg,
about 1000 mg or 2000 mg of the EF-(G inhibitor for the svmptomatic adjustment of the dosage
to the subject being treated.

Kits Containing Bicyclomycin and a Bacterial Gene Expression Antibiotic

[6096] In another embodiment, the mvention provides kifs comprising a pharmaceutically
acceptable dose unit of a pharmaceutically effective amount of bicyclomvem, and a
pharmacentically acceptable dose unit of a pharmiaceutically effective aniount of a bactenial gene
expression antibtotic. In a further embodiment, the pharmaceufically acceptable dose unit 15
formulated to release the bacterial gene expression antibiotic before bievemycin, or formulated
to sinmltaneously release the active the bacterial gepe expression anfibiotic and bicvemycin. The
two pharmaceutically acceptable dose umifs can optionally take the form of a smgle
pharmaceutically accepiable dose umt.

[0097] The other gene expression mbibttors mclude without hnutation a tetracyehne,
ammogiveoside, hncosanude, streptogramin, glyevleveline, amphenicol,  plenromutihin,
macrolide, oxazohdmene and EF-G mlubitor. The kits of the mvention may further comprise a
set of mstructions that provide guidance on the use of the dose units for treatmment of a gram-
negative bacterial infection by sinmlfaneous or sequential admumstration, and that the bacterial
gene expression antibiotic be admumstered earlier than bicvclomvein or simultaneously
administered with bicvelomyein.

EXAMPLES

Methods and Materals:

[0098] Bacterial strains, culture conditions, and reagents. Strains were grown at 37 °C in LB
higuid medium and on LB agar. Relative turbidity of bactenial cultures, measured with a Klett-
Summerson colorimeter, was used to measure growth.  Bicvelomyem.  Rifampicin,
chloramphenicol, nahdixic acid, tetracychine, tobramyemn, neomyvein, doxyeychne, ampicilhing
thiourea, and 2.2°-bipynidyl were obtamed from Sigma Chemical Co.. Ciprofloxacin was from
Baver Healthcare. Streptolvdigin was a generous gift from Arkady Mustaev.
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[8099] Susceptibility testing. Inhibution of growth (MIC) was measured by broth dilution. About
10% to 107 cells were applied to broth cultures containing drugs at various concentrations that
differed by 2-fold mcrements, MIC (Table 1) was faken as the mumumal concentration thaf
blocked vistble growth of hiquid cultares following overnight incubation. Lethal activity was
measured with hgmd cultures m which ahiquots were mcubated for vartons times and diag
concentrations, as idicated in figure legends. The number of surviving cells was deternmuned by
dilution and plating on drug-free agar followed by incubation at 37 °C for 24 his. Percent
survival was determined relative to an untreated control sampled at the time of dug addition.
[0160] DNA synthesis mhibition assay. Rate of DNA synthesis was measured as known m the
art. Aliquots {200ul) of E. coli cultures were incubated in the presence of *H-thvmidine {0.1pCi)
for 2 min at 37 °C followed by addition of ice-cold 10% trichloroacetic acid to precipitate high
niolecular weight DNA. Precipitaies were collected on filier paper disks {Fisherbrand 4.25
diameter, catalogne mumber 09-8G1J), and precipitated radicactivity was deternuned by
scmtillation spectrometry.

[8101] Viscosity assay. E£. coli cell lysates were obtamed as known in the art for isolation of
bacterial nucleowds. Cells were treated with lvsozvme and non-tonic detergents at 20°C for 2-3
min, the cell Ivsates were divided into aliquots, and several dilutions were distribnted to 10 X 75
mm glass twbes. Samples were then mcubated at 80°C for 2 min to unfold chromosonial DNA,
chilled on ice, and brought to 20°C m a water bath. A 0.025 ml glass microcapillary pipet
{Kimmble Glass, Cat. no. 71900-25) was placed m each tube, and the time required to fill the
capillary, less the fime for buffer alone, was taken as an empirical measnre of lysate viscosity.
That wvalue was normalized to DNA concentration for comparison of dmg treatments.
Resulfs:

[8102] Biovelomyomn interferes with the Rho transcription terpunator, and Fig. 2A shows that
bicvclomyein 1s bactertostatic.  Fig. 2A shows the effect of bicvclomeyin concentration on
survival of Escherichia coli. An exponentially growing culture of £, coli was treated for 2 hrs
with the mdicated concentrations of bicyclomyein alone {empty circles} or i the presence of
bacteriostatic concenfrations (2-tumes MIC) of tetracyeline (filled circles), chloramphenicol
{empty triangles), or rifampicin (empty squares). Tetracycline, chloramphenicel, or rifampicmn
alone does not cause bacterial killing {not shown). Inlubition of protein synihesis by a
bacteriostatic agent {tetracycline) with bicvclomycmn resulted m synthetic lethality (the
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contbination of the two bacteriostatic agents becomes bactericidal}, thus lethal with £ cofi {filled
circles; Fig. 2A). Fig. 2B shows the Rho-specifie, bievclomycin-mediated synthetic lethality
with fetracyehine, Exponentially growing cultures of wild-type E. colf (cireles) or bicvelomyem-
resistant {Rho G337S}) mutant {squares) were treated for 2 hws with the mdicated concentrations
of bicyclomyvemn alone (empty symbols) or 1o the presence of bacteriostatic concenirations {2-
timnes MIC) of tetracyeline (filled symbols). The lethal activity achieved by bieyclomyein-
tetracyclime combination mvolves bicyclomycin fargeting of Rho, since a pomt mutation m tho
that confers resistance to bicvclomvem also ehiminated lethal action of the combination {Fig.
2B

[0163] Fig. 3 shows bicyclomeyin synthefic lethality with vartons Gram-npegative bactenal
species. Exponentially growing cultures of bacteria were treated for 2 us with the indicated
concenfrations of bicvclomyein alone (empty cucles) or m the presence of bacteriostatic
concentrations (2-times MIC) of tetracycline (filled cwcles), chloramphenicol {empty triangles),
or tifampicin {empty squares). Tefracveline, chioramphenicol, or rifampicin alone does not canse
bacterial killing (not shown). Fig. 3A. Klebsiella prewmoniae, Fig. 3B. Safmonella tephimurim,
Fig. 3C. deinetobacter baumardi, and Fig. 3D. Shigella dvsenteriae.

[0104] Cotreatment with bicyclomyemn also enhanced killing for translational inhibitors
{neomvain, tobramyein, doxyevchne, and tigecychine) (Fig. 4). Exponentially growing cultures
of E. coli were treafed for the mdicated tumes with bacteriostatic concentrations {e.g. 3 fimes
MIC) of neomyein (MIC = 35 pe/ml, Fig. 4A), tobramvem (MIC = 1.2 pg/mi, Fig. 4C},
doxveychne (MIC = 1.2 yg/mid, Fig. 4E) or figecychine (MIC = 1.25 ug/ml, Fig. 4G). Cells were
also treated with the mdicated concentrations of each dmg for 2 lus (Fig. 4B: neomycin. Fig.
4D tobramyen, Fig. 4F: doxyveveline, and Fig. 4H: tigecvcline). Cells were treated with profein
synthesis inhibitors alone {empty cwreles) or in the presence of 2-times MIC of bieyvclomycm
{filled circles) added 10 mmn after addition of protem synthesis mhibitors.

[0105] Bicvelomycem adminstered 1.5 hour before tetracycline, eliminated the svnthetic lethal
effect (Fig. 5A). Fig. 5 shows pretreatment with bicyclomyemn (BCM) blocks synthetic lethality
associated with tetracvchine (Tet) co-treatment. Fig. 5A shows the effect of bicyclonmyem
pretreatment on synthetic lethality. Exponentially growmg cultures of wild-type E. colt were
treated for 2 hrs with bicyclomyvein alone at 2-tunes MIC, with fetracycline alone at 2-tumes
MIC, with both bicyclonivein and tetracychne, each at 2-times MIC, as mdicated (first 3 black
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bars on the left). In addition, cultires were pretreated with bicvclomyein for the indicated times
{underlined portion} before tetracveline (black bars) or bicyclomvein plus tetracveline {gray
bars) were added for an additional 2-hr mcubation. The far-lefi 3 black bars mdicate samples
without bicyclomycm pre-treatment. Fig. 3B shows stability of putative protective factor(s)
produced by bicvelomyvemn treatment. Expoventially growing cultures of E. colt were treated
with 2-times MIC bicyclomyein for 1 hr, drug was removed, and incubation at 37°C was
continued. At the mmdicated times samples were taken for cfu determmation {to monitor growth,
inset) and treated with tetracvechne and bicvelomyem (both at 2-times MIC) for an additional 2
hrs. A control sample, taken before bucyclomyein pretreatment, was treated with tetracyeline and
bicyclomyem for 2 hr. Full protection from bicyclomyem-tetracveline-mediated synthetic
lethality was seen 2 howrs after pre-induction of the protective function by bicyclomyvem (Fig.
3B). Fig. 5C shows bacteria are actively growing affer bicvclomycin pretreatment.

[0106] The embodments within the specification provide an tllustration of emboduments of the
mvention and should pot be construed to Limif the scope of the mvention. The skilled artisan
readily recognizes that manv other embodiments are encompassed by the mvention. All
publications, patent applications and U.S. Patents cited i this disclosure are incorporated beremn
bv reference m their entireties. The citation of any references herein 1s not an adnusston that such
references are prior art to the present mvention.

[0167] The mvention has been described via the specific embodiments and examples provided

above which, however, do not linit the invention m any way.
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Claimns:

i. A meethod of treating 8 Gram-negative bacterial infection comprising administering to a
subject in need thereof an effective amount of bicyelomyein and at least one agent that mbibits
bacterial RNA franseription or the translation of bactertal mRNA to a peptide, wherein the agent
that mlubits bacterial RNA trapscription or the franslation of bacterial mRNA to a peplide 1s
adnunistered prior to the administration of bicyclomycin or concwrrently administered with
bicvelomyein.

2. The method of claim !, wherein the concentration of bicvclomyvein 1s about 1 MIC or
more, and the concentration of the agent that inlubuts bactertal RNA transcription or the
transiation of bacterial mRNA fo a peptide in a bacterial cell 1s about 1 MIC or more.

3. The method according to claim 1 or 2, wherem the agent that inhibits bacterial RNA
transcription or the translation of bactertal mRNA to a peptide in a bactenial cell 15 2
bacteriostatic agent.

4. The method of clatm 3, wherem the bicyclomyem and the basferjosiatic agent are co-
adnumstered to the subject, wherem the combmation of the bicvclomycin and the basteriostatic
agent are bactericidal.

5. The method according to claims 1-3, wheremn the agent that mhibits bactertal RNA
transcription or the transiation of bacterial mRNA to a peptide in a bacterial cell 15 selected from
the group consisting of a tetracychine, anunoglveoside, lmcosanude, streptogramin,
giyvevieveline, amphenicol, plewomutilin, macrolide, oxazolidinone and EF-G mbubitor.

6. The methed of clamm 5, wherein the fetracvcline is selected from the group consisting of
demeclocyehne, doxyeychne, minocycline, oxytetracycline, tetracychne, chlortetracychine,
clomocychne, lymecvchne, meclocyclme, mefacveline, penimepicveline, and rolstefracvelne.

7. The method of claim 3, wherein the aminoglycoside 1s selected from the group consisting
of streptomycin, dibivdrostreptonivemn, neomycen, franiveetin, paromomycin, ribostamycin,
kanamvem, amikacin, arbekactn, bekanamycm, dibekacin, tobramyein, spectinomyctn,
hvgromyein b, paromomvein, gentamicm, netilmicin, sisomicin, sepamicin, verdamicin, and
astronuci.

8. The method of claim 5, wherein the lincosamide 13 selected from the group consisting of

chindamyctn, ncomyvem, and pirhimyeun.

[N
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Q. The method of claim 3, wheremn the streptogramin is selected from the group consisting
of guinupristin/datfopristin, pristinamyein, and virginsmycin.

10, The method of claim 5, wherewn the glvevleycline 1s tigecyelhine.

11.  The method of claim §, wherein the amphenicel is selected from the group consisting of
chlorampbenicol, andamfenscol, thiumphenicol, and florfenicol.

12, The method of clamm 5, wherein the plenronwtihin s selected from the group consisting
of retapapmbin, tianmlbm, and valnemulin.

13, The method of claim 3, wherem the macrolide is selected from the group consisting of
azithromyvein, clartthromyein, divtthromycin, ervilwomyem, flarthromyem, josamycin,
midecamven, miocamycem, oleandomycin, rokifamnyvem, roxithromycm, sprranyyc,
troleandomyein, tylosin, ketolides, telithromycin, cethromyein, and solithromyein.

14, The methed of claim §, wherein the oxazohdinone 15 selected from the group consisting

of eperezolid, linezolid, posizolid, radezolid, ranbezolid, sutezolid, and tedizolid.

1S, The method of clatm 5. wherein the EF-G mhibitor is fusidic acid.
16, The method of claim 1, wherein the Gram-negative bacteria 1s Excherichin cofi,

Klebsiella pneumonia, Acinefobacter barmannii, Shigella dysenteriae, or Salmonella
typhimarium.

17. A pharmaceutical composition comprising bicvelomyvein, at least one agent that bacterial
RNA transcription or the translation of bactertal mRNA 1o a peptide in a bacterial cell, and a
pharmacentically acceptable carrier, wherein the agent that inlubats bactertal RNA franscription
or the translation of bacterial mRNA to a peptide 1n a bactenial cell is released earlier than the
bicyclomyvem or concwrrently with bicyelomyom.

18  The pharmacentical composition of claim 17, wherem the conceniration of bicyclomycin
1s about 1 MIC or more, and the concentration of the agent that mhibits bacterial RNA
transcription or the translation of bacterial mRNA to a peptide 1in a bacterial cell s about 1 MIC
of mare.

-
4
*

19, The pharmaceutical composition according to clain 17 or 1§, wherein the agent that
ihibits bactertal RNA transcription or the translation of bactenial mRNA to a peplide m a

bacterial cell is a bacteriostatic agent.
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20, The pharmaceuntical composiiion according to clains 17-19, wherein the biovclomiyein
and basteriostatic agent are co-administered to the subject, wherein the combination of
bicvclomycein and basteriostatic agent are bactericidal.

21, The pharmacentical composition according to claims 17-20, wherein the agent that
inhibits bacterial RNA transcription or the franslation of bactenial mRNA to a peplide ma
bacterial cell is selected from the group consisting of a tetracycline, aminoglveoside,
lincosanude, streptogramin, glycyleveline, amphenicol, plenromutihin, macrolide, oxarohidinone
and EF-(5 inhibitor.

22, The pharmaceutical composition of claim 21, wherem the tetracycline 1s selected from
the group consisting of demeclocycline, doxyeycline, minocychne, oxyvietracvehne, fetracveline,
chlortetracycline, clomocyelne, vmecycline, meclocveline, metacycline, penmmepicyeline, and
rolitetracveline.

23, The pharmaceutical composition of claim 21, wherem the anunoglveoside 1s selected
from the group consisting of streptomycin, dibydrosireptomyven, neomyem, framyeetin,
paromomycin, ribostamyein, kanamyem, anukacm, arbekacin, bekanamycin, dibekacin,
tobramycem, spectinomycn, hvgromyein b, paromomycein, gentamicin, netilmicin, sisonucin,
sepamicin, verdamicm, and astronicin.

24, The pharmaceutical composition of clanm 21, wherem the lincosanude 1s selected from
the group consisting of clindamvem, lincomycin, and prlimyven.

25, The pharmaceutical composition of claim 21, wherem the streptogramim 1s selected from
the group consisting of qumupnistin/dalfopristin, pristinamyein, and virgiiamycin.

26.  The pharmaceutical composition of clanm 21, wherem the glycyleveline is tigecvehine.
27.  The pharmacentical composition of clamm 21, wherem the amphenicol 15 selected from
the group consisting of chloramphenicol, azidamfenicol, thiamphenicol, and florfenicol.

28.  The pharmaceutical composifion of claim 21, wheretn the plewromutilin is selected from
the group consisting of refapamulin, amuhin, and valpenmlin.

29, The pharmaceutical composition of clanm 21, wherem the macrolide is selected from the
group consisting of azithromyain, clarithromyvein, dinithromycin, ervitwomven, flurithromyvemn,
josamyein, nudecamven, miocamyvemn, oleandomycm, rokitamyem, roxithromyen, spiramyem,

troleandomyveim, tylosin, ketolides, tehithromyem, cethromvein, and solithromycin.

[y]
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30, The pharmaceuntical composttion of claim 21, wherein the oxazolidinone is selected from

the group consisting of eperezelid, hnezolid, posizelid, radezolid, ranberolid, sutezolid, and

fedizolid,
31, The pharmaceutical composition of claim 21, wherem the EF-G mhibitor is fusidic acid.
32, A gt compusing a pharmacentically acceptable dose uait of a pharmacentfically effective

amount of bicvclomyein, and a pharmacentically acceptable dose unit of a pharmacentically
effective amount of af least one agent that inlubits bactenial RNA franscription or the translation
of bacterial mRNA to a peptide in a bacterial cell. wherein the two pharmaceutically acceptable
dose umts can optionally take the form of a single pharmaceutically acceptable dose mnit.

33, The kst of clamm 32, wherem the conceniration of bicyclomycm 1s about 1 MIC or more,
and the concentration of the agent that inhibits bacterial RNA transcription or the transiation of
bacterial mRNA fo a peptide 1 5 bacierial cell 15 about 1 MIC or more.

34, The kit of claum 32 or 33, wheremn the agent that imnlubits bacterial RNA transcription or
the trauslation of bacterial mRNA to a peplide i a bacterial cell is a bacteriostatic agent.

35, The kut according to claims 32-34, wherem the bicyclomyein and basteriostatic agent are
co-adnunistered fo the subject, wherem the combmation of the bicvclomycen and the
bastertostatic agent 1s bactericidal.

36.  The kit according to claims 32-35, wherem the agent that inlubits bacterial RNA
transcription or the translation of bacterial mRNA to a pepiide i a bacterial cell i selected from
the group consisting of a tetracychine, ammoglycoside, lincosamide, streptogranin,
glyevleveline, amphenicol, plevromutilin, macrolide, oxazolidinone and EF-G mbibifor.

37, The kit of claun 36, wherem the tetracycline 1s selected from the group consisting of
demeclocveline, doxyeychine, minocychne, oxyietracveline, tefracycline, chlortetracychine,
clomocyeline, lvmecycline, meclocyehne, metacycline, penimepicychine, and rolitetracychine.
38.  The ki of clamm 36, wheretn the aminoglycoside 1s selected from the group consistig of
streptomiyein, dihvdrostreptomyein, neomyvemn, framyeetin, paromomyein, ribostamyctn,
kanamvycin, anukacin, arbekacin, bekanamycin, dibekacin, fobramycmn, spectinomycin,
hveromycin b, paromomyvein, gentamicin, netilinicin, sisomicin, sepamicin, verdamicin, and
astromicin.

39, The ki of clam 36, wherein the hncosamide 1s selected from the group consisting of

chndamyein, lincomycen, and pirhimyein.
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40, The kit of clamm 36, wherem the streptogramin is selected from the group consisting of
quinupristin/datfopristin, pristinamyein, and virgonamycin,

41, The kit of clamn 36, wheremn the glvevleycline 1s tigecyehue.

42, The kit of claim 35, wherem the amphenicol is selected from the group consisting of
chlorampbenicol, andamfenscol, thiumphenicol, and florfenicol.

43, The kut of claum 36, wherein the plenronnutilin s selected from the group consisting of
retapamulin, ttlamulin, and valnemmlin,

44, The kit of claim 36, wherein the macrolide is selected from the group consisting of
azithromyvein, clartthromyein, divtthromycin, ervilwomyem, flarthromyem, josamycin,
midecamven, miocamycem, oleandomycin, rokifamnvem, roxithromycm, sprramyyc,
troleandomyein, tylosin, ketolides, telithromycin, cethromyein, and solithromyein.

45, The kit of clamni 36, wheremn the oxazelidinone 15 selected from the group consisting of
eperezolid, linezolid, posizolid, radezolid, ranbezolid, sutezolid, and tedizolid.

46, The kit of claim 36, wherein the EF-G mbubitor 1s fusidic acid.

)
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