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ANTISENSE ANTIBACTERIAL COMPOUNDS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priority to: U.S. Provisional Application No. 62/387,176,
filed December 23, 2015, and U.S. Provisional Application No. 62/301,406, filed February 29, 2016, U.S.
Provisional Application No. 62/408,518, filed October 14, 2016, and U.S. Provisional Application No.

62/433,669, filed December 13, 2016, each of which is herein incorporated by reference in its entirety.

STATEMENT REGARDING THE SEQUENCE LISTING

The Sequence Listing associated with this application is provided in text format in lieu of a paper
copy, and is hereby incorporated by reference into the specitication. The name of the text file containing
the Sequence Listing is SATH-007 04WQO Seglist ST25.ixi. The text file is about 33 KB, was created on

Decembier 19, 2016, and is being submitted electronically via EFS-Web.

BACKGROUND
fechnico! Fieid

The present disciosure reiates to antisense morpholino oligomers targeted against baclerial
virutence factors such as genes that contribute to antibiotic resistance, biofilm formation or essential
processes, and related compositions and methods of using the oligomers and compaositions, for

instance, in the treatment of an intected mammalian subject.

Description of the Related Art

Currently, there are several types of antibiotic compounds in use against bacterial pathogens
and these compounds act through a variety of anti-bacterial mechanisms. For example, beta-lactam
antibiotics, such as penicillin and cephalosporin, act to inhibit the final step in peptidoglycan synthesis.
Glveopeptide antibiotics, including vancomycin and teichoplanin, inhibit both transglycosyiation and
transpeptidation of muramyi-peniapeptide, again interfering with peptidoglycan synthesis. Other well-
kinown antibiotics include the quinolones, which inhibit bacterial DNA replication, inhibitors of bacterial
RMNA polymerase, such as ritampin, and inhibitors of enzymes in the pathway for production of
tetrahydrofolate, including the sulfonamides.

Some classes of antibiotics act at the level of protein synthesis. Notable among these are the

aiminoglycosides, such as kanamycin and gentamicin., This class of compounds targets the bacterial 308
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ribosome subunit, preventing the association with the 508 subunit to form functional ribosomes.
Tetracyciines, another important class of antibiotics, also target the 30S ribosome subunit, acting by
preventing alignment of amincacyiated tRNA's with the corresponding mRNA codon. Macrolides and
Hincosamides, another class of antibiotics, inhibit hacterial synthesis by binding to the 505 ribosome
subunit, and innibiting peptide elongation or preventing ribosome transiocation.

Despite impressive successes in controlling or eliminating bacterial infections by antibiotics, the
widespread use of antibiotics both in human medicine and as a Teed supplement in pouitry and livestock
production has led to drug resistance in many pathogenic bBacteria. Antibiotic resistance mechanisms
can take a variety of forms. One of the major mechanisms of resistance to beta lactams, particularly in
Gram-negative pacteria, is the enzyme beta-lactamase, which renders the antibiotic inactive by cleaving

the lactam ring. Likewise, resistance to aminoglycosides otten involves an enzyme capable of

antibiotics is another way that many bacteria develop resistance. Genes encoding efflux proteins, such
as the tetA, tetG, tetl, and tetKk genes tor tetracycline effiux, have been identitied. A bacterial target may
gevelop resistance by altering the target of the drug. For example, the so-called penicillin binding
proteins (PBPs) in many beta-iactam resistant bacteria are altered to inhibit the critical antibiotic binding
to the target protein. Resistance to tetracycline may involve, in addition to enhanced effiuy, the
appearance of cytoplasmic proteins capable of competing with ribosomes for binding to the antibiotic.
For those antibiotics that act by inhibiting a bacterial enzyme, such as for sulfonamides, point mutations
in the target enzyme may contfer resistance.

Biotiim formation can aiso lead o antibiotic resistance, among other clinical difficuliies.
Typically, in situations where bacteria form a biotiim within an infected host, the infection turns out o
be untreatable and can develop into a chronic state. Halimarks of chronic biotiim-based infections not
only include resistance to antibiotic treatments and many other conventional antimicrobial agents but
also a capacity for evading host defenses. Therefore, strategies that prevent or breakdown biofiim
would be of therapeutic interest and benefit.

The appearance of antibiotic resistance in many pathogenic bacteria, including cases involving
muiti-drug resistance {MDR}, raises the fear of 3 post-antibiotic era in which many bacterial pathogens
were simply untreatable by medical intervention. Thus, there is a need for antimicrobial agents that (i
are not subiect to the principal types of antibiotic resistance currently hampering antibiotic treatment of

bacterial infection, til) can be developed rapidly and with some reasonable degree of predictability as to
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SUMMARY

Embodiments ot the present disclosure relate, in part, to the discovery that the antisense
targeting of bacterial virulence factors can, inter alia, increase the antibiotic susceptibility of otherwise
antipictic-resistant pathogenic bacteria, and reduce the ability of certain pathogenic bacteria to form
and maintain dithicult-to-treat biotiims. For example, the antisense targeting of antibiotic resistance
zenes such as carbapenemases and effiux pumps was shown to increase the susceptibility of antibiotic
resistant {e.g., multi-drug resistant} bacteria to many commonly used antibiotics, and could thus fing
utility in the treatment of such bacteria, for instance, in combination with antibiotics. Also, the antisense
targeting of genes associated with biofiim formation was shown to break down existing biofiims and
reduce the production of new biofilms. Such antisense targeting could Tind utility in standaione
therapies against biofiim-forming bacteria, and as combination therapies, for example, to increase the
susceptibility of biotilm-forming bacteria to antibiotics.

Embodiments of the present disclosure theretore inciude a substantially uncharged antisense
marpholino oligomer, composead of morpholine subunits and phosphorus-containing intersubunit
linkages joining a morpholino nitrogen ot one subunit to a b'-exocyelic carbon of an adiacent subunit,
ang having {3} aboul 10-40 nudeoctide bases, and (b} a targeting sequence of sufficient length and
complementarity to specitically hvbridize to a bacterial mRNA target sequence that encodes a virulence
factor; where the oligomer is conjugated to a cell-penetrating peptide {(CPP].

In certain embodiments, the target seguence comuprises a transiational start codon of tne
bacterial mRNA and/or a sequence within about 30 bases upstream or downstream of the translational
start codon of the bacterial mRNA.

in some embodiments, the virulence factor is an antibiotic resistance protein or a biofilim
formation protein. in some embodiments, the virulence factor is an essential protein.

In certain embodiments, the antibiotic resistance protein is selected from one of more of New
Delhi metalio-beta-lactamase (NDM-1), serine beta-lactamase {(KPC), acridine resistance complex protein
AcrA, acridine resistance comuplex protein AcrB, acridine resistance comuplex repressor protein ACrR,
acridine resistance complex protein TolC, and ocuter membrane protein A {OmpA). In specitic
embodiments, the target sequence is selected from Tabile 1A. Some antisense oligomers comprise,
consist, or consist essentially of 3 targeting sequence set fortn in Table 24, a fragment of at least 10
contiguous nucleotides of a targeting sequence in Table 24, or variant having at teast 80% sequence

identity to a targeting sequence in Table 24.

(A
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I some embodiments, the biofilm formation protein is encoded by one or more of cep!, suhB,
Csuf, SecA, Pgli, Pillil, AlgZ, Aigll, LasR, FieR and Peif. in particular embodiments, the target sequence
is selected from Table 1B. Some antisense oligomers comuprise, consist, or consist essentially of a
targeting sequence set forth in Tabile 2B, a fragment of at least 10 contiguous nucleotides of a targeting
seguence in Tabie 2B, or variant having at least 80% seqguence identity to a targeting sequence in Table
2B.

N some embodiments, the essential protein is an RNA polyimerase encoded by one or maore of
RpoD. In some embodiments, the essential protein is 3 DNA polymerase l encoded by one or more of
PoiB. Some antisense oligomers comprise, consist, or consist essentially of a targeting sequence set
forth in Tabie 2C, 3 fragment of at least 10 contiguous nucieotides of a targeting sequence in Table 2¢,

or variant having at least 80% sequence identity to a targeting sequence in Table 2C.

in certain embodiments, an antisense morpholino oligomer of the disclosure may be of formula

K[Oj/m
?

o= ——R1

o

{ P

or a pharmaceutically acceptable salt thereof,
whnere each Nu is a nucleobase which taken together forms a targeting sequence;

X is an integer from 9 to 3§;
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T is selected from OH and a moiety of the formula:

R6

) 4

where each R is independently C,-Cs alkyl, and R is selected from an electron pair and H, and R°

is selected from OH, —-N{R"JCH,C{O)NH,, and a moiety of the formula:

: = e S
— e R

where:
R’ is selected from H and C1-Ce atkyl, and
R® is selected from G, -C{O)-R°OH, acyl, tritvl, and 4-methoxyirityl, where:
R” is of the formula -{O-alkyl),- wherein y is an integer trom 3 1o 10 and each of
the v alkyl groups is independently selected from $5-Cg alkyi;

10)

each instance of R is —N{R™").R" wherein each R* is independently C,-Cs alkyl, and R s

selected trom an electron pair and H;
k% is selected from H, G, acyl, trityl, d-methoxyirityl, benzovl, stearovl, and a moiety of

the tormula:

PN

b
A
L

(RI%3N N N{R 14,

2

L.

i\

d
.

)

where L is selected from —C{OHCH,):C{O)- and -C{O}CH,L,5,{CH, 1L,C{O)-, and each R™ is of the
formula —{CH,1LOC(OINIR™™), wherein each R is of the formula -{CH, 1 NHC{=NHINH,: and
R? is selected from an electron pair, H, and C-Cq alkyi,

wherein G is a cell penetrating peptide {(“CPP”) and linker moiety selected from
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~CLOHCHL sNH-CPP, -CLOHCH, 1 NH-CPP, -CLOMCH, 1L NHCIO HCH, 1sNH-CPP,
and -C{O)CH,NH-CPP, or G is of the formula:

7 CPP

N

’

wherein the CPP is attached to the linker moiety by an amide bond at the CPP carboxy terminus,
with the proviso that only one instance of G is preseant,

wherein the targeting sequence specifically hybridizes to g bacterial mRNA target sequence that
encodes a virulence factor.

In certain embodiments, the CPP is an arginine-rich peptide. In certain embodiments, the CPP s
selected from Tabie C1.

Also included are methods of reducing expression and activity of a virulence factor in 3 bacteria
or bacterium, comprising contacting the bacteria or bacterium with an antisense gligomer described
herein.

In some empodiments, the bacterium is in a subject, and the method comuprises administering
the antisense cligomer to the subject.

in certain embodiments, the bacterium is selected from the genus £schericnia, Acinetopacter,
Klebsielia, and Burknoiderig. in certain embodiments, the bacterium is Escherichia coli, Acinetobacter
baumannii, Kiebsieila pneumoniae, or Burknolderio cepacio {complex). In certain embodiments, the
bacterium is £scherichia coli, Acinetopacter baumannii, or Kiepsieilg pneumonige, and where the
virutence tactor is an antibiotic resistance protein selected trom one or more of NDM-1 and AdeA.

in some embodiments, the bacterium is Burkholderia cepacia {complex) and where the virulence
factor is a piofiim formation protein encoded by one or more of cepl and sunB. In certain embodiments,
the Burkholderio cepocio {complex] comprises one or more of Burkholderio cenocepacia, Burknolderio
multivorans, Burkhoideria vietnamiensis, Burkhoideria stabilis, Burkholderia antning, Burkholderig
pyrrocinia, Burkholderia dolosa, and/or Burkholderio ambifaria. in certain embodiments, administration
of the antisense cligomer reduces biofiim formation or existing biofilm by at least about 10%. In certain
embodiments, the subject is immunocompromised and has an underiving lung disease. in specific

embodiments, the subject has cystic fibrosis {CF) or chronic granulomatous disease {(CGD).
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I some embodiments, the bacterium is Acinetobacter boumaonnii and where the virulence
factor is a chaperone-usher pili assembly system protein encoded by one or more of Csuk. in some
embodirments, the bacterium is Acinetobacter boumannii and where the virulence tactor is a chaperone-
usher pili assembily system protein encoded by one or more of Csuf. In some embodiments, the
bacterium is Acinetobacter baumannii and where the virulence factor is an ATPase associated with cell
membrane transport encoded by one or more of Secd. In some embodiments, the bacterium is
Acinetopacter baumaonnii and where the virulence factor is encoded by one or more of Pgll. In some
embodirments, the bacterium is Acinetobacter boumannii and where the virulence tactor is encoded by
one or more of PiU1. In some embodiments, the bacterium is Pseudomonas geruginosa and where the
virutence factor is a protein associated with alginate biosynthesis encoded by one or more of AlgZ. in
some embodiments, the bacterium is Pseudomonas geruginosa and where the virulence factor is a
orotein associated with alginate biosynthesis encoded by one or more of Aigl. In some embodiments,
the bacterium is Pseudomonas geruginosa and where the virulence factor is a transcriptional activator
protein encoded by one or more of Lask. In some embodiments, the bacterium is Pseudomonas
geruginosa and where the virulence factor is g transcriptional reguiator of tiagelia expression encodead
by one or more of Flef. in some embodiments, the bacterium is Pseudomonas geruginosa and where
the virulence factor is a polysaccharide biosynthesis protein encoded by one or more of Pelf. in certain
embodirments, administration of the antisense cligomer reduces biotilm tormation or existing biotilm by
at least about 10%.

Some methods include administering the oligomer separately or concurrently with an
antimicrobial agent, for example, where adminisiration of the oligomer increases susceptibility of the
bacterium to the antimicrobial agent. Some methods include administering the oligomer by
aerosolization.

In certain embodiments, the bacterium is £scherichio coli, Acinetobacter baumonnii, or Kiepsiello
pneumoniae, the virulence factor is NDM-1, and the antimicrobial agent is a carbapenem. in certain
embodiments, the carbapenem is selected from one or more of meropenem, imipenem, ertapenem,
doripenem, panipenam, biapenem, razupenem, tebipenam, lenapeneam, and tomopenem.

in certain embodiments, the bacterium is Escherichio coli, Acinetopocter poumannii, or Klebsiella
pneumonice, the virulence factor is KPC or KPC 1-4, and the antimicrobial agent is a carbapenem. In
certain embodiments, the carbapenem is selected from one or more of meropenem, imipenem,

ertapenem, doripenem, panipenem, biapenem, razupenem, tebipenem, lenapenem, and tomopenem.

“od
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I some embodiments, the bacterium is Escherichio coli, Acinetobacter paumonnii, or Kiebsielio
pheumoniae, the virulence factor is AdeA, and the antimicrobial agent is selected from one or more of
aminoglycoside antibiotics, tetracycline antibiotics, and §-lactam antibiotics. In certain embodiments,
the aminoglvcoside is selected from one or more of tobramycin, gentamicin, kanamycin a, amikacin,
gibekacin, sisomicin, netitmicin, neomycin B, neomvycin €, neomycin E {paromomycin), and
streptomycin, In certain embodiments, the tetracycline antibiotic is selected from one or more of
tetracyciine, chlortetracycline, oxyietracyciine, demediocycline, lymecycline, meciocycline,
methacycline, minocycline, rolitetracycline, and doxveviine. In certain embodiments, the -lactam
antibiotic is selected from one or more of carbapenems, peniciliin derivatives {penams), cephalosporins
{cephems), and monobactams.

i certain embodiments, the bacterium is Escherichio coli, Acinetobacter baumannii, or Klensiello
pheumoniae, the virulence factor is an acridine resistance complex protein encoded by one or more of
AcrA, AcrB, AcrR, and Tol(, and the antimicrobiat agent can be any antibiotic. In another embodiment,
the antimicrobial agent is selected from one or more of Clindamycin, Piperaciilin-tazobactam,
Doxyeycline, Chioramphenicol, Fusidic acid, Oxacillin, Eryvthromycin and/or Trimethoprim.

i certain embodiments, the bacterium is Escherichio coli, Acinetobacter baumarnnii, or Klepsiello
pheumoniae, the virulence factor is an ouler membrane protein A encoded by one or more of OmpaA,
and the antimicrobial agent can be any antibiotic. In another embodiment, the antimicrobial agent is
selected from one or more ot Clindamycin, Piperacillin-tazobactam, Doxycycline, Chioramphenicol,
Fusidic acid, Oxacillin, Eryvthromycin and/or Trimethoprim.

In certain embodiments, the bacterium is Burkhoideria cepacia {complex), the virulence factor is
a biotilm formation protein encoded by one or more of cepl/ or suhB, and the antimicrobial agent is
selected from one or more of cettazidime, doxyeyciine, piperaciilin, meropenem, chlorampheniceol, and
co-trimoxazole {trimethoprim/sulfamethoxazole).

in certain embodiments, the bacterium is Acinetobacter baumannii, the virulence factor is &
biotiim formation protein encoded by one or more of (suf, SecA, Pgll and Piil1, and the antimicrobial
agent is selected from one or more of ceftazidime, minocycline, doxyoycline, piperaciilin, meropenem,
chioramphenicol, and co-trimoxazole {trimethoprim/sulfamethoxazolel.

in certain embodiments, the bacterium is Pseudomonas geruginosa, the virulence factoris a
biotilm formation protein encoded by one or more of AlgZ, AlgU, Lask, FieR and PelfF, and the
antimicrobial agent is selected from one or more of ceftazidime, minocycline, doxyevcline, piperacillin,

meropenem, chioramphenicol, and co-trimoxazole {Irimethoprim/sulfamethoxazole].
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I certain embodiments, the bacterium is Acinetopacter baumaonnii, the virulence factoris an
essential protein encoded by one or more of RpoD, and the antimicrobial agent is selected from one or
more of ceftazidime, minocycline, doxyevcline, piperacillin, meropenem, chloramphenicol, and co-
trimoxazole {trimethoprim/sulfamethoxazole).

In certain embodiments, the bacterium is Pseudomonas geruginosa, the virulence tactor is an
essential protein encoded by one or more of Po/B, and the antimicrobial agent is selected from one or
more of ceftazidime, minocycline, doxycycline, piperaciliin, meropenem, chioramphenicol, and ¢o-
trimoxazole {trimethoprim/sulfamethoxazole].

in some embodiments, the oligomer reduces the minimum inhibitory concentration {(MIC} of the
antimicropial agent against the bacterium by at least about 10% relative to the antimicrobial agent
alone. In certain embodiments, the oligomer increases the susceptibility of the bacterium to the
antimicrobial agent by at least about 10% relative to the antimicrobial agent aione.

Also included are pharmaceutical compositions, comprising an antisense cligomer described
herein and a pharmaceutically-accepiable carrier. Certain pharmaceutical compositions can further

comprise one or more antimicrobial agents.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows an exemplary morpholino oligomer structure with a phosphorodiamidate
linkage. Figures 1B-1E show the repeating subunit segment of exemplary morpholino oligomers,
gesignated B through E. Figures 1F-1H show exemplary peptide PMO conjugates structures used in the
exemplary PPMOs.

Figure 2 shows that PPMOs prevent formation of biofilm in Acinetopacter spp. A, boumannii or
A. iwoffii strains were grown on MBEC biotiim plates tor 20 hours in the presence or absence of PPMOs.
Crystal violet staining of the pegs was performed and the amount of biofim present was measured at

0D570. The heat map displays percentage of biofiim reduction compared to no treatment controls at 3

PPMO concentration of 8 uM. Csub-PPMO#21 showed a >50% reduction in biofilm in 10/12 {83%]) of
strains tested.

Figure 3 shows reduction of biotilm in Acinetobacter spp. is dose-dependent. Acinetobacter
biotilms were grown in the presence or absence of a Csuk PPMO for 20 hours. Concentrations of PPMO
tested included 8 uM {green bars), 4 M {red bars), 2 uM {blue bars) or no PPMO {klack bars). Strains
included AB NDM-1, AB AYE, AB 17878 and AB AB307. Reduction in biotilm formation was dose-

dependent as seen in all strains tested.
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Figure 4 shows that PPMOs prevent formation of biofilm in Pseudomonas aeruginosa. Strains
were grown on MBEC biofilm plates for 18 hours in the presence of PMRBN at 2 ug/mi and the PPMQ, 2
scrambied PPMO or nothing. The numbers in each cell represent the concentration of PPMO that
reduced biofilim by 50% or greater.

Figure 5 shows that reduction of biotilm in Pseudomonas ageruginosa is dose-dependent.
Pseudomonas biofiims were grown in the presence or absence of PPMOs {as indicated). Biotilms were
grown for 18 hours and then stained with crystal violet. Three strains were tested with multiple PPMO
doses as shown. Percent reduction compared to no PPMO control is shown.

Figures 8A-6D show confocal microscopy demonstrating reduction of biofilim in Pseudomonas
geruginosa treated with the LasR PPMO#29 or AlgZ PPMO#27. GFP-PAGT was grown for 18 hours in the

presence of sub-inhibitory concentrations of PMBN alone (Figure 64]), Scr PPMO + PMBN (Figure 6B},

LasR PPMO#H29 + PMBN {Figure 6C) or AlgZ PPMO#27 + PMBN {Figure 60). PPMOs were tested at 8 uM.

Biofitm is shown in red and PADL in green. While PAG1 alone or with Scr PPMO displays robust biotilm

formation, PAOT with LasR PRPMO#H29 or PAQT with AlgZ PPMO#27 show a substantial decrease in
biofiim mass {white arrows).

Figures 7A-78 show that PPMOs reduce the MIC of antibiotics in NDM-1 strains. {Figure 7A} The
MIC of meropeneam was measured in various concentrations of NDM-1 PPMO#H1R. {Figure 7B) Viable

cells were measured bhefore (0 hr) or after growth of strain BAA-2149 for 24 hr with meropenem and/or

NDM-1 PPMO#H109.

Figures 8A-8D show that PPMOs targeted to different regions of the KPC carbapenemase gene

restored susceptibility of K. pneumoniae to meropenem. The MIC of meropenem was measured in

various concentrations of KPC PPMO#H14 (Figure BA) and KPC PPMO#H13 {Figure 8C}. Viable cells were

measured before (0 hr) or after growth for 24 hr with meropenem and/or KPC PPMO#14 {Figure 8B) or
KPC PPMO#13 (Figure 8D).

Figures 8a-8h show that the NDM-1 PPMO contfers protection when administered concomitantly
with meropenem in a systemic infection with NDM-1-positive £, cofi. Mice were infected with £, coli
CVB-1 and treated with either 1 mg of meropenam {n=8) (given subcutaneously), 100 ug (5 mg kg™} of
PPMO {n=7} igiven intraperitoneally), both treatments {n=12), a scrambiled PPMO {Scr} with meropenem
(n=11), or PBS in=7). {Figure 93} Infection and treatment schedule. {(Figure 9b) Survival of mice was
recorded. {Figure 9¢) Body temperatures were monitored. {Figure 8d} Level of bacteremia was

measured & h post-intection. {Figure &) Survival of mice treated with meropenem {1 mg) and various

amounts of NDM-1 PPMO (33.3 ug {n=13), 11.1 pg {n=11), 3.7 ug {n=11)}, Scr PPMO {33.3 ug {n=10}}, or
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meropenem only (n=10]. {(Figure 91, Figure 9g} Body temperature and bacteria in the blood {6 h post-
infection) were monitored. {Figure 9h) Survival of mice treated at the time of infection {n=7}, 0.5 h post-
infection {(n=8), or 1 h post-infection {n=7}, with meropenem {1 mg) and PPMO {250 pyg}. Mice treated
with meropenem and Scr PPMO at the time of infection {n=7) and mice freated with PBS {(n=7} were
used as negative controls. For Kaplan-Mever survival curves, ***p<0.001 **p<0.01 *p<0.05 by log-rank
(Mantel-Cox) test. For other graphs, data represented as the mean + SEM, **%p<0.001 **p<0.01
*0<(.05 by two-tailed Mann-Whitney U test.

Figures 20A-10E show that PPMOs targeted to multi-drup efflux pump genes AcrA, AcrB, AcrR

and TolC were effective at reducing viability of an £. cof/ strain when co-incubated with piperacillin-

tazobactam {PT). £. cofi were treated with scrambled PPMOs (Figure 104}, AcrA PPMOs #3, #4 and #5

(Figure 108), AcrB PPMOQOs #6 and #8 {Figure 18C), AcrR PPMOHY9 (Figure 10D}, and TolC PPMO#11

(Figure 10E). The addition of the active PPMOs reduced the MIC of PT by 2-8 fold depending on the
PPMO tested.

Figure 11A: Representation of the AcrAB-TolC effiux system.
Figure 118: PPMOs are antisense molecules that may bind to mRNA molecuies and block
translation of resistance genes.

Figure 11(: Three separate PPMOs were designed 1o target the acrA {(PPMGH3, left}, acrB

{PPMOHE, middie}, and tolC (PPMOH#10, right} mRNAs. These PPMOs target regions that span the start

codons of the transcribed mRNA. Alighment of the acrd, acrB, and t0/C genes of different bacterial
species describe seqguence simitarities.

Figure 11D {(Left) Dose response curves as a function of clindamycin concentration for the wild
tvpe £ coff without PPMO (solid circle}, with 10uM scrambied control PPMOQO {open circie}, with 10uM
acrA-PPMO (top panel, squarel}, £, cofi with gcrd deletion {top panel, triangle), with 10uM acrB-PPMO
(middie panel, squares), £, coli with gcrf deletion {middle panel, triangles}, with 10uM toiC-PPMOG
(oottom paned, squares), and £. cofi with to/C deletion {bottom panel, triangles). {Right} Sample growth
curves at the conditions shown within the grey shaded areas on the dose response curves on the left.

Figure 12 shows dose response curves as a function of antibiotic concentration for 3 number of
antibiotics. Top panel: the wild type £, co/i without acrA-PPMO {open circles), with 10uM scrambied
control PPMO {solid circles}, with 10uM acrA-PPMO {squares), £ cofi with ocrA deletion {triangies).
Middle panel: the wild type £, cofi without acrB-PPMO {open circles), with LOuM scrambled control

PEMO {solid circles), with 10uM acrB-PPMO (sqguares), £, coli with ocrB deletion {triangles}. Bottom
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panel: the wild tyvpe £, cofi without 1olC-PPMO {open circles), with 10uM scrambled controt PPMOQO {solid
circles}, with 10uM tolC-PPMO (sguares), and £, cofi with to/C deletlion triangies).

Figures 13A-13E depicts AcrA transiation in the presence of AcrA-PPMO and sensitivity against
numerous antibiotics. Figure 134A: AcrA expression in £, coli cells in increasing concentrations of acri-
PPMO was guantified using an anti-AcrA antibody {fop panel). AcrA expreassion was normalized against
the expression of cAMP receptor protein {CRP). AcrA transiation was ~30 times lower when £, coli celis
were Ireated with 3ubM or higher concentrations of acrA-PPMO {middie panel). No AcrA expression was
dotected when the acrd gene was deleted in £, coli. Error bars represent the standard deviations of
normalized AcrA expression in six experimental replicates. Consistent with the reduced AcrA transiation
in increasing concentrations of acrA-PPMO, growth rates of £, cofi in tixed concentrations of clindamycin
graduaily decreased in increasing concentrations of acrA-PPMO {hottom panel].

Figure 13B: Sample aniibiotic dose response curves of £, cofi cells in the absence of acrA-PPMO
topen circles), in the presence of 10uM acrA-PPMO (squares), in the presence of 10uM scrambpied PPMO
(filed circies), and £. cofi cells with acrA deletion (triangles;.

Figure 13C: Histogram of the measured told changes in MIC values for the £, cofi cells in the
absence of acrA-PPMQO (left), £, co/i cells in the presence of 10uM acrA-PPMO {right}, and £, cofi cells
with the acrA geletion {center).

Figure 13D Killing of £, coli BW25113, Klebsiella pneumonioe FA5153 {clinical urine isolate) and
Burkholideria cenocepocia complex K56-2 {cystic fibrosis clinical isolate} by Piperacillin-Tazobactam alone
{black circies) or in combination with 10uM scrambled PPMQO (grey circles), or acrA-PPMO {squares)
after 18 hour incubation. The horizontal dashed line represents the inoculum (5x10° CFU mL™) prior to
18-hour incubation. The x-axis represents the normalized concentration of Piperaciliin-Tazobactam in
MIC units. The bacteria were grown overnignt in cation-adjusted Mueller-Hinton i broth (MHI, Becton,
Dickinson and Co., Sparks, MD) at 37°C, 220 rpm. Cultures were diluted 1o Sx10° CFU mL ™ in fresh MHI
and incubated with serial 2-fold dilutions of Piperaciilin/Tazobactam {Pip/Tazo} alone or in combination

with 10 uM Scr PPMO or AcrA PPMO#3 in a 36-well plate and incubated for 18 h at 37°C, 220 rpm.

Growth conirols included H,0, 10 uM Scr PPMO, and 10 uM AcrA PPMOHS alone. The minimum

inhibitory concentration (MIC) was detined as the Pin/Tazo concentration at which no visible growth
was detected at 18 iy, for reference, the MIC values were 4, 2, and 64 yg ml " for £, coli BW25113, K.
pneumoniae F45153, and B. cenoccepacio KB6-2, respectively. Growth controls and wells at 1-, 0.5-, and

0.25-fold the MIC of Pip/Tazo alone or in combination were serially diluted in PBS and plated on
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trypticase sov agart5% sheep blood {Remel, Lenexa, KS) tor CFU enumeration. Experiments were
repeatad in triplicate.

Figure 13E: HBEC3KT human cells were incubated in increasing doses of acrA-PPMO and number
of viabie cells was counted {(Cell-Titer-Glo, Promegal every 24 hours. No significant toxicity was detected
gue to the use of acrA-PPMO.

Figures 144A-148 shows efficacy of antibiotic combinations in the presence of acrA-PPMO
including antagonistic antibiotic pairs.

Figure 14A: Minimum inhibitory concentrations measured in two-dimensional gradients of {left]
trimethoprim and sulfamethoxazole and (right) trimethoprim and piperacillin-tazobactam; for the wild
tvpe £, coli cells {circle), for the wild type £. coli cells in the presence of 10uM acrA-PPMO{sguare}, ang
£. coli cells with gcrd deletion {triangle).

Figure 14B: Area under the MIC curves shown in Figure 13A for the wild type £, cofi celis {ieft
bars}, for the wild type £, coli cells in the presence of 10uM acrA-PPMO {right bars}, and £, cofi cells with

gcrA delelion (center bars).

DETAILED DESCRIPTION

Detinitions

Unless defined otherwise, all technical and scientific terms used herein have the same meaning
as commaonly understood by those of ordinary skill in the art to which the disclosure belongs. Although
any methods and materials similar or eguivalent to those described herein can be used in the practice or
testing of the present disclosure, preferred methods and materials are described. For the purposes of
the present disciosure, the following terms are defined below.

The articles “3" and "an” are used herein to reter 1o one or to more than one {i.e., to at least
one} of the grammatical obiect of the article. By way of example, “an element” means one element or
more than one element.

By “aboutl” is meant a quantity, level, value, number, freqguency, percentage, dimension, size,
amount, weight, or length that varies by as much as 30, 25, 20,15, 10,9,8,7,6,5, 4,3, 2 or 1% to &
reterence guantity, level, vaiue, number, frequency, percentage, dilmension, size, amount, weight, or

lengtn.
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By “coding sequence” is meant any nucleic acid sequence that contributes to the code for the
poivpeptide product of a gene. By contrast, the term “non-coding sequence” refers to any nucleic acid
segquence that does not directly contribute to the code for the polypeptide product of a gene.

Throughout this specification, unless the context requires otherwise, the words "comprise,”
“comprises,” and “comprising” will be understood to imply the inciusion of 3 stated step or element or
osroup of steps or elements but not the exclusion of any other step or element or group of steps or
elements.

By “consisting of” is meant including, and limited to, whatever foliows the phrase “consisting
of:” Thus, the phrase “consisting of” indicates that the listed elements are reguired or mandatory, and
that no other elements may be present. By "consisting essentially of” is meant including any elements
listed atter the phrase, and limited to other elements that do not interfere with or contribute to the
activity or action specified in the disclosure Tor the listed elements. Thus, the phrase “consisting
assentially of” indicates that the listed elements are reqguired or mandatory, but that other elements are
optional and may or may not be present depending upon whether or not they materially aftect the
activity or action of the listed elements.

As used herein, the terms "contacting a cell”, "introducing” or "delivering” include delivery of
the oligomers of this disclosure into a cell by methods routine in the art, e.g., transtection {e.g.,
Hiposome, calcium-phosphate, polvethyvileneimine), electroporation {e.g., nucleofection), microinjection),
transtormation, and administration.

The terms “cell penetrating peptide” (CPP) or “a peptide muoiety which enhances cellular
uptake” are used interchangeably and refer to cationic cell penetrating peptides, also called “transport
peptides”, “carrier peptides”, or "peptide transduction domains”. in some aspects, the peptides have
the capability of inducing cell penetration within about or at least about 30%, 40%, 50%, 60%, 70%, 80%,
30%, or 100% of cells of a given population and/or allow macromolecular translocation to or within
muitiple tisstes in vivo tpon systemic administration. Particuiar examples of CPPs include “arginine-rich
peptides.” CPPs are well-known in the art and are disclosed, for example, in U.S. Application No.
2010/0016215, which is incorporated by reference in its entirety.

“An electron pair” refers to a valence pair of electrons that are not bonded or shared with other
atoms.

"Homuology” refers to the percentage number of amino acids that are identical or constitute
conservative substitutions. Homology mav be determined using sequence comgparison programs such as

GAP {Deveraux et al., 1984, Nucleic Acids Research 12, 387-395) or BLAST. in this way sequenceas of 3
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similar or substantially difterent length to those cited herein could be compared by insertion of gaps into
the alignment, such gaps being determined, for exampie, by the comparison aigorithm used by GAP.

By "isolated” is meant material that is substantially or essentially free from components that
normally accompany it in its native state. For example, an “isolated polynucieotide” or “isolated
oligomer,” as used herein, may reter to a polynucieotide that has been purified or removed from the
seguences that flank it in a naturally-occurring state, e.g., a DNA tragment that is removed from the
seguences that are adjacent to the fragment in the genome. The term “isolating” as it relates to celis
reters to the purification of cells {e.g., fibroblasts, ivmphoblasts) from a source subject (e.g., a subject
with a polynucleotide repeat disease). In the context of mRNA or protein, “isolating” reters to the
recovery of mRNA or protein from a source, e.g., celis.

»
-

The term “modulate” includes 1o “increase” or “decrease” one or more guantifiable parameters,

rr i

optionally by a defined and/or statistically significant amount. By “increase” or “increasing,” “enhance”
or “enhancing,” or "stimulate” or “stimulating,” refers generally to the apility of one or antisense
compounds or compositions to produce or cause a greater physiciogical response {i.e., downstream
effects) in a cell or a subject relative to the response caused by either no antisense compound or a
control compound. Relevant physiological or cellular responses {in vivo or in vitro) will be apparent to
persons skilled in the art. An “increased” or “enhanced” amount is typicaily a “statistically significant”
amount, and may include an increase thatis 1.1, 1.2, 2, 3,4, 5,6, 7, 8, 9, 10, 15, 20, 30, 40, 50 or more
times {e.g., 500, 1000 times) {including all integers and ranges between and above 1}, e.g., 1.5, 1.6, 1.7.
1.8} the amount produced by no antisense compound {the absence of an agent) or a control compound.
The term “reduce” or “inhibit” may relate generally to the ability of one or more antisense compounds
or compositions to “decrease” a relevant physiological or cellular response, such as a symptom of 3
disease or condition described herein, as measured according to routine technigques in the diagnostic
art. Relevant physiclogical or cellular responses {in vivo or in vitro) will be apparent to persons skilled in
the art, and may include reductions in bacterial cell growth, reductions in the minimum inhibitory
concentration (MIC} of an antimicrobial agent, and others. A “decrease” in a response may be
“statistically significant” as compared to the response produced by no antisense compound or a control
composition, and may include a 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 8%, 10%, 11%, 12%, 13%, 14%, 159%,
16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 30%,
895%, or 100% decrease, inciuding all integers and ranges in between.

77 i¥

As used herein, an “antisense oligomer,” "oligomer” or “oligomer” refers to a linear sequence of

nucieotides, o nucieotide analogs, which aliows the nuclechase {for example a purine or pyrimidine
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base-pairing molety) to hybridize to a target segquence in an RNA by Watson-Crick base pairing, to form

T { ]

an oligomer:RNA heterodupliex within the target sequence. The terms “antisense oligomer”, “antisense
acligomer”, “oligomer” and “compound” may be used interchangeably to reter to an oligomer. The cyclic
subunits may be based on ribose or another pentose sugar or, in certain embodiments, a morpholine
group (see description of morpholing oligomers below).

1 i

The term “oligomer,” “oligomer,” or "antisense oligomer” also encompasses an oligomer having
one or more additional moieties conjugated to the oligomer, e.g., at its 3’- or 5-end, such as &
polvethyviene glycel moiety or other hydrophilic polymer, e.g., one having 10-100 monomeric subunits,
which may be useful in enhancing solubility, or a moiety such as a lipid or peptide molety that is
effective to enhance the uptake of the compound into target bacterial cells and/or enhance the activity
of the compound within the cell, e.g., enhance its binding to a target polvnuclieotide.

A “nuciease-resistant” oligomers refers to one whose backbone is substantially resistant to
nuclease cleavage, in non-hybridized or hybridized form; by common extraceliular and intraceiiular
nucieases in the body or in a bacterial cell (for example, by exonucieases such as 3 -exonucieases,
endonucieases, RNase H}; that is, the oligomer shows little or no nuciease cleavage under normal
nuclease conditions to which the oligomer is exposed. A “nuclease-resistant heteroduplex” refers to 3
heteroduplex Tormed by the binding of an antisense oligomer to its complementary target, such that the
neteroduplex is substantially resistant to in vivo degradation by intracelitlar and extracelluiar nucleases,
which are capable of cutting double-stranded RNA/RNA or RNA/DNA complexes. A “heteroduplex”
refers to a duplex betweesn an antisense oligomer andg the complementary portion of a target RNA,

As used herein, "nuciecbase” {Nu), "base pairing moiety” or “hase” are used interchangeably to
refer 1o a purine or pyrimidine base tound in native DNA or RNA {uracii, thymine, adenine, cytosine, and
guanine}, as well as analogs of the naturally occurring purines and pyrimidines, that confer improved
properties, such as binding affinity to the oligomer. Exemplary analogs include hypoxanthine (the base
component of the nucieoside inosine}; 2, 6-diaminopurine; 5-methyi cvtosine; Ch-propynvi-modited
pvrimidines; 2-{aminoethoxyiphenoxazine {G-clamp) and the like.

A nucleobase covalently linked to a ribose, sugar analog or morpholing comprises a nucleoside.
"Nucleotides” are composed of a nucleoside together with one phosphate group. The phosphate groups
covalently link adjacent nucleotides to one another to form an oligomer.

An oligomer “specifically hybridizes” to a target sequence if the oligomer hybridizes to the
target under physiological conditions, with a Tm substantially greater than 40°C or 45°C, preterably at

least 50°C, and typically 60°C-80°C or higher. Such hybridization preterably corresponds to stringent
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hyhridization conditions. At a given ionic strength and pH, the Tm is the temperature at which 50% ot 3
target sequence hybridizes to a compiementary polynucleotide. Such hybridization may occur with

EH

"near” or “substantial” complementarity of the antisense oligomer to the target sequence, as well as
with exact compiementarity.

As used herein, “sufficient length” includes an antisense oligomer that is complementary to at
least about 8, more typically about 8-10, 8-11, 8-12, 8-13, 8-14, 8-15, 8-16, 8-17, 8-18, 8-19, 8-20, 8-30,
2-40, or 10-11, 10-12, 10-13, 10-14, 10-15, 10-16, 10-17, 10-18, 10-19, 10-20, 10-30, 10-40 {including all
integers and ranges in between) contiguous or non-contiguous nucleobases in 3 region of a bacterial
MmRENA target sequence. An antisense gligomer of sufficient lengith has at least a minimal number ot
nucieotides to be capable of specitically hybridizing to a region of the bacterial mRNA target. In some
embodiments, an oligomer of sutticient length is from 10 to 40 or 10 to 30 nucleotides in length, for
exampie, about 10-11, 10-12, 10-13, 10-14, 10-15, 10-16, 10-17, 10-18, 10-19, 10-20, 10-25, 10-28,10-
30, 10-40, 11-12, 11-13, 11-14, 11-15,13-16, 11-17, 11-18,11-19, 11-20, 11-25, 11-28, 11-30, or 11-40
nucleotides in length, or about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 nucleotides in length.

The terms "sequence identity” or, for example, comprising g “sequence 50% identical to,” as
used herein, refer to the exient that sequences are identical on a nucieotide-by-nucleotide basis or an
amino acid-by-amino acid basis over g window of comparison. Thus, a “percentage of seguence
identity” may be calculated by comparing two optimally aligned seguences gver the window of
comparison, determining the number of positions at which the identical npucleic acid base {e.g., A, T, C,
G, i} or the identical amino acid residue {e.g., Ala, Pro, Ser, Thr, Gly, Val, Leuy, lie, Phe, Tyr, Trp, Lys, Arg,
His, Asp, Glu, Asn, Gin, Cys and Met) occurs in both seguences o vield the number of maiched positions,
dividing the number of matched positions by the total number of positions in the window of comparison
{i.e., the window size}, and multiplyving the result by 100 to vield the percentage of seguence identity.
Optimal alignment of sequences for aligning a comparison window may be conducted by computerized
implermentations of algorithms (GAP, BESTHT, FASTA, and TFASTA in the Wisconsin Genetics Sottware
Package Release 7.0, Genetics Computer Group, 575 Science Drive Madison, Wis., USA} or by inspection
and the best alignment {i.e,, resulting in the highest percentage homology over the comparison window)
generated by any of the various methods selected. Reference ais0 may be made to the BLAST family of
programs as for example disclosed by Altschul et al., Nucl. Acids Res. 25:3389, 1897,

A “subject” or g “subject in need thereot” includes a mammalian subject such as a human

subject.
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The terms "TEG,"” “EG3,” or “triethylene glvcol tail” reter to triethviene glycol moieties

conjugated to the oligomer, e.g., at its 3'- or b-end. For exampie, in some embodiments, “TEG”

includes, for example, wherein T of the compound of formula {1}, (1}, or {111} is of the formuia:

N

P

/
\

?

The term “pip-PDA” refers to 3 5 terminal piperazine-phosphorodiamidate moiety that
connects a G group, where the G group comprises a celi-penetrating peptide {CPP) and linker moiety
turther discussed below, to the S'end of the cligomer by way of an amide bond between the G group
linker and the piperazinyl nitrogen. For example, in some embodiments, “pip-PDA” includes wherein T

of the compound of formula {1} or {1l) is of the formula:

>

) e |

N{SHS)

.
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The term “target seguence” refers 1o a portion of the target RNA, for exampie, a bacterial
mRENA, against which the antisense oligomer is direcied, that is, the sequence to which the oligomer will
hybridize by Watson-Crick base pairing of a complementary seguence. in certain embodiments, the
target sequence may be a contiguous region of the transiation initiation region of a bacterial gene.

The “transiational start codon region” refers 1o a region that is 30 bases upsitream or
downstream ot 3 transiation initiation codon of a gene.

The term “targeting sequence” or “antisense targeting sequence” refers to the seguence in an
oligomer that is complementary or substantially complementary to the target sequence in the RNA, e.g.,
the bacterial MBNA. The entire sequence, or only a portion, of the antisense compound may be

complementary to the target sequence. For example, in an oligomer of about 10-30 bases, about 6, 7, §,
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§,10, 11, 12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, or 29 of the bases may be
targeting sequences that are complementary to the target region. Typically, the targeting seguence is
formed of contiguous bases, but may alternatively be formed of non-contiguous seguences that when
placed together, e.g., from opposite ends of the oligomer, constitute sequence that spans the target
seguence.

ii}

A “targeting sequence” may have “near” or "substantial” complementarity to the target
sequence and still function for the purpose of the present disclosure, that is, still be “complementary.”
Preterably, the oligomer analog compounds emploved in the present disclosure have at most one
mismatch with the target seguence out of 10 nucleotides, and preferably at most one mismatch out of
20. Alternatively, the antisense oligomers emploved have at least 80% seguence homology, and

preferably at least 95% sequence homology, with the exemplary targeting sequences as designatead

herein.

As used herein, the term “quantifyving”, “guantification” or other related words refer to
determining the quantity, mass, or concentration in a unit volume, of a nucieic acid, polynucleotide,
oligomer, peptide, polypeptide, or protein.

As used herein, “treatment” of g subject {e.g. a mammali, stich as 3 human) or a cell is any type
of intervention used in an attempt to alter the natural course of the individual or cell. Treatment
includes, but is not imited to, administration of a pharmaceutical composition, and may be performed
either prophviactically or subsequent to the initiation of a pathologic event or contact with an eticlogic
agent. Also included are “prophviactic” treatments, which can be directed to reducing the rate of
progression of the disease or condition being treated, delaying the onset of that disease or condifion, or

reducing the severity of its onset. “Treatment” or “prophyviaxis™ does not necessarily indicate complete

aeradication, cure, or prevention of the disease or condition, or associated symptoms thereof.

Seguences for Targeting Bacterial Virulence Factors

Certain embodiments relate to antisense oligomers, and related compositions and methods,
whiich are of sufficient length and complemeniarity to specifically hybridize to a bacterial mRNA farget
seguence that encodes a virulence tactor. General examples of virulence factors include antibiotic
resistance genes, biofilm formation genes and their encoded proteins. In addition, virulence factors
include genes that encode regulatory proteins that control the expression {transcription and/or

translation) of other genes which provide a benetit to the bacterium during the process of infection.
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I certain embodiments, the target sequence contains all or a portion {e.g., 1 or 2 nucleotides)
of a transiational start codon of the bacterial mRNA. In some embodiments, the target sequence
contains a sequence that is about or within about 1, 2, 3,4,5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 bases upstream or downsiream of a transiationatl start codon
(e.g., ATG; AUG]) of the bacterial mRNA target sequence. For example, in particular embodiments, the 5'-
end of the target sequence is the adenine, uracil, or guanine nucleotide in a3 transiational start codon of
the Dacterial MRNA. in some embodiments, the 5 -end or 3-end of the target sequence begins at
residue 1, 2,3,4,5,6,7,8,92,10,11,12,13,14, 15, 16,17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 25,
or 30 downstream of the last nucieotide {e.g., guanine) of a transiational start codon of the bacterial
mMRNA. In some embodiments, the 5'-end or 3'-end of the target sequence begins at residue 1, 2,3, 4, 5,
6,7,8,9 10,11,12,13, 14, 15,16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 upstream of
the first nucieotide {e.g., adenine)} of a transiational start codon of the bacterial mRNA

in some embodiments, the virulence factor is an antibiotic resistance gene or its encoded
protein, i.e., a gene or protein that is associated with resistance of the bacteria to at least one
antimicrobpial agent. General examples of antibiotic resistance genes inciude beta-lactamases, which ¢an
enzymatically deactivate certain antimicrobial agents, and proteins that increase the permeability or
active effiux {pumping-out) of an antimicrobial agent. Particular examples of antibiotic resistance genes
include New Delhi metalio-beta-lactamase (NDM-1}, resistance-nodulation-cell division (RND)-tvpe
muitidrug eftiux pump subunit Aded {odeA), serine beta-lactamase (KPC or KPC 1-4}, acridine resistance
complex protein AcrA, acridine resistance compiex protein AcrB, acridine resistance complex reprassor
protein AcrR, acridine resistance complex protein TolC, and outer membrane protein A {OmpA).
Exemplary transiational start codon region seguences of the NDM-1 and AdeA rasistance genes are
crovided in Tabie 1A below.

in some embodiments, the virulence factor is a biotilm formation gene or its encoded protein,
i.e., a gene or protein that is associated with or contributes to the formation of biofiim. A biofilm can
include any group of bacterial cells that adhere to each other on a surtace, for example, 3 tissue surface
or a surface of an implanted medical device. Such adherent cells are often embedded within a saif-
produced matrix of extracelitlar polymeric substance {EPS), a polvmeric mixture composed, for
exampile, of extracellular DNA, proteins, and polysaccharides. Bacteria form a hiofilm in response to
many factors, which may include cellular recognition of specific or non-specitic attachment sites on a
surtace, nutritional cues, or in some cases, by exposure of celis to sub-inhibitory concentrations of

antibiotics. The microbial cells growing in a biotilm are physiologically distinct from individual celis of the
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same arganism. For example, when a bacterial cell switches to the biotiim mode of growth, it undergoes
a phenotypic shift in behavior in which certain genes {e.g., biotilm tformation-associated) are
ditfferentially regulated. Particular examples of biofilim formation genes include cepl, cepR, sunB, Csuk,
Sech, Pglii, PilU1, AlgZ, AlgU, LasR, FieR and PelfF. In particular embodiments, the cep/ gene is from a
Burkholderig species or sub-species {e.g., Burkhoideria cepacia complex, Burkholderia cenocepacia) and
encodes an acythomoserine lactone synthase. In some embodiments, the sunf gene is from a
Burkhoiderig species or sub-species {e.g., Burkhoideria cepacia complex, Burkholideria cenocepacia) and
encodes a putative inositel-1-monophosphatase. In certain embodiments, the cepR gene is from 3
Burkholderia species or sub-species {e.g., Burkholderia cepacia complex, Burknolderio cenocepacia) and
encodes an acythomoserine lactone dependent regulatory protein. In some embodiments, the Csuf
gene is from Acinetopacter poumaonnii and encodes a chaperone-usher pili assembly system protein. In
some embaodiments, the Secd gene is from Acinetobacter boumannii and encodes an ATPase associated
with cell membrane transport. I some embodiments, the Pgil gene is from Acinetopacter boumannii.

in some embodiments, the Pil/1 gene is from Acinetopacter baumaonnii. in some embodiments, the AlgZ

gene is from Pseugomonas geruginosa and encodes a protein associated with alginate biosynthesis. in
some embodiments, the Afgl gene is from Pseudomonas geruginosg and encodes a protein associated
with aiginate biosynthesis. In some embodiments, the [gsR gene is from Pseudomonas geruginosa and
encodes a transcriptional activator protein. In some embodiments, the FleR gene is from Pseudomonas
geruginosa and encodes a transcriptional reguiator of Hagellar expression. in some embodiments, the

PelF gene is from Pseudomonas aeruginosg and encodes a polysaccharide biosynthesis protein.

Exemplary transiational start codon region seguences of biofilim formation genes from Burkholideria are

encodes an BNA polymerase. in some embodiments, the PoiBB gene is from Pseudomonas geruginosa

and encodes a DNA polymerase .
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Thus, in certain embodiments, antisense targeting seguences are designed to hybridize to 3
region of one or more of the target sequences listed in Table 1 or 3 target gene described herein.
Selected antisense targeting sequences ¢an be made shorter, e.g., about 8,9, 10, 11, 12, 13, 14, or 15
bases, of longer, e.g., about 20, 30, or 40 bases, and include a small number of mismatches, as long as
the seqguence is sufticiently complementary to reduce transcription or transiation upon hybridization to
the target sequence, and oplionally forms with the RNA a heteroduplex having a T of 45°C or greater.

in certain embodiments, the degree of complementarity between the target sequence and
antisense targeting seguence is sufficient to form a stable duplex. The region of complementarity of the
antisense gligomers with the target RNA sequence may be as short as 8-9 bases, 8-10 bases, 8-11 bases,
8-12 bases, 10-11 bases, 10-12 bases, but can be 12-15 bases or more, e.g., 10-40 bases, 12-30 bases,
12-25 pases, 15-25 bases, 12-20 bases, or 15-20 bases, inciuding all integers in between these ranges. An
antisense oligomer of about 10-15 bases is generally long encugh to have a unigue complementary
sequence. in certain embodiments, a minimum length of complementary bases may be required o
achieve the requisite binding Tm, as discussed hereain.

I certain embodiments, oligomers as long as 40 bases may be suitable, where at least 3
minimum number of bases, e.g., 10-12 bases, are complementary to the target seguence. in general,
nowever, facilitated or active uptake in cells is optimized at oligomer fengths of less than about 30 or
less than about 20 bases. included are antisense oligomers that consist of about 8, 9, 10, 11, 12, 13, 14,
15, 16, 17,18, 19, 20, 21, 22,23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 bases,
in which at least about 6, 8,9, 10, 11,12, 13 14,15, 16, 17, 18,19, 20, 21,22, 23, 24,25, 26,27 28,629,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 contiguous or non-contiguous bases are complementary o a
target gene described herein, tor examuple, a target sequence of Table 1 {e.g., SEQ 1D NOS: 1-9).

in certain embodiments, antisense oligomers may be 100% complementary 1o the target
seguence, or may include mismatches, e.g., to accommodate variants, as long as a heteroduplex formed
between the oligomer and target sequence is sutficiently stable to withstand the action of cellular
nucieases and other modes of degradation which may occur in vivo, and reduce expression of the
targeted mRNA. Hence, certain oligomers may have about or at ieast about 70% sequence
complementarity, e.g., 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 80%, 91%, 82%, 83%, 84%, 95%, 96%, 37%, 98%, 99% or 100% sequence
complementarity, between the oligomer and the target sequence. Oligomer bhackbones that are less

susceptible io cleavage by nucieases are discussed herein. Mismatches, it present, are typically less
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destabilizing toward the end regions of the hybrid duplex than in the middie. The number of mismaiches
allowed will depend on the length of the oligomer, the percentage of G:C base pairs in the duplex, and
the position of the mismatchies) in the duplex, according to well understood principles of duplex
stability. Although such an antisense oligomer is not necessarily 100% complementary to the target
seguence, it is effective to stably and specitically bind to the target segquence, for example, such that
translation of the target RNA is reduced.

The stability of the duplex formed between an oligomer and a target seguence is a function of
the binding Tm and the susceptibility ot the duplex to cellular enzymatic cleavage. The Tm of an
oligomer with respect to complementary-seguence RNA may be measured by conventional methods,
such as those described by Hames et al., Nucieic Acid Hybridization, IRL Press, 1985, pp. 157-108 or as
described in Mivada C. G. and Wallace R. B., 1987, Oligomer Hybridization Techniques, Methods
Fnzyvmol. Vol 154 pp. 94-107. In certain empbodiments, antisense oligomers may have a binding Tm, with
respect to a complementary-seguence RNA, of greater than body temperature and preferably greater
than about 45°C or 50°C. Tm's in the range 60-80°C or greater are also inciuded. According to well-
known principles, the Tm of an oligomer, with respect to a complementary-based BRNA hvbrid, can be
increased by increasing the ratio of C:G paired bases in the duplex, and/or by increasing the length {in
base pairs) of the heteroduplex. At the same time, for purposes of optimizing celiular uptake, it may be
advantageous to limit the size of the oligomer.

Tables 2A-2C below shows exemplary targeting sequences {in a 5'-to-3" orientation] of antisense

oligomers described herein.

Table 2A: Exemplary Antibiotic Resistance Targeting |
e Senuences ’
Target Targeting Sequence {TS)7 TS Sk
Gene 1D NO
OmpA CAT GGA TAT CC | 10
 AcrA | ATGTAAACCTC | 11 |
““““ AcrA | GTTCATATGTA | 12 |
C AcrA | AACCCTCTGTT | 13 |
---------------------------------------------------------------------------------------------------- T mEEEEEEE——
AcrA TGTTCATAT GT ' 14
CAaB | GTCTTAACGGE | 15 |
""""" AR || AGGCATGTCTT | 16
Thas | AGGCATGTCT 7
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AR | TATGTTCGTGA | 18
TolC TTC ATT TGC AT 19
TolC ATT CCT TGT GG 20
TolC TTT GCA TTC CT 21

““““ e | GATACAGIGAC | 22 ]

KPC1-4 |  AACGATATTCC | 23

CNDM-1 | TCAAGTTITCC YR

""" NDM-1 | TCCTITTATIC | 25 |

CNDM-1 | GGCAATTCCAT s

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Table 2B: Exemplary Biofilm Formation Targeting

---------------------------------------------------------------------------

Sequences E

Target Targeting Sequence {T5)* TS5 5EQY
_______ Gepe | o IDNO:
Csuk TTATATTCATGG 26
"""""" CUE | TCATGG CAAAG | 27
"""" Cof | TTCCTGICAA 28
 SecA ETGLLAAQAT(;ZQ
Treil | CATTACCCAAG 1 30
Pitlil TTA AAATCC AT 31
AlgZ TAG GCA TCG AC 32
““““ Algld AAAGCTCCTCTB?;
““““ sk | AG GCC!‘TAGCG%
““““ der | TACICCIG AR T T3
©pelf | TICGGTCATGT | 36 |

--------------------------

Target Targeting Sequence {15} TSSEG
_______ Gepe | | IDNO:
RpoD TCATCTITGCY 37
e | AGTAACTCCAC T

*The thymines {T} can be uracils {U).
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Certain antisense oligomers thus comprise, consist, or consist essentially of a targeting seguence
in Tables 2A-2C {e.g., SEQ 1D NOS: 10-38) or a variant or contiguous or non-contiguous portion{s)
thereof. For instance, certain antisense oligomers comprise about or at least about 6, 7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, or 27 contiguous or non-contiguous nucleotides of
any ot the targeting sequences in Tables 2A-2C {e.g., SEQ 1D NOS: 10-38). For non-contiguocus portions,
intervening nucieotides can be deleted or substituted with a different nucleotide, or intervening
nucleotides can be added. Additional examples of variants include oligomers having about or at least
about 70% seguence identity or homology, e.g., /0%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 75%,
80%, 81%, 82%, 83%, 84%, 85%, B6%, 87%, 88%, 85%, 90%, 91%, 32%, 93%, 94%, 95%, 96%, 97%, 98%,
§G% or 100% sequence identity or homology, over the entire length of any of the targeting sequences in
Tabies 2A-2C {e.g., SEQ 1D NOS: 10-38).

The activity of antisense oligomers and variants thereof can be assaved according to routine

technigues in the art {see, e.g., the Examples).

. Antisense Oligomer Compounds

The antisense oligomers typically comprises 3 base sequence of sufficient length and
complementarity to specitically hvbridize to a bacterial mRNA target sequence that encodes a virulence
factor, and thereby reduce expression {e.g., transiation) of the virulence factor protein. This
requirement is optionally met when the oligomer compound has the ability to be actively taken up by
bacterial cells, and once taken up, form a stable duplex {or heteroduplex) with the target mRNA,

optionally with a Tm greater than about 40°C or 45°C.

A. Antisense Oligomer Chemical Features

In certain embodiments, the backbone of the antisense oligomer is substantially uncharged, and
is optionally recognized as a substrate for active or facilitated transport across a cell wall and/or cell
membrane. The ability of the oligomer to form a stable duplex with the target RNA may also relate to
other features of the backbone, inciuding the length and degree of complementarity of the antisense
oligomer with respect to the target, the ratio of G:C to A:T base matches, and the positions of any
mismatched bases. The ability of the antisense oligomer to resist celiular nucleases may promote
survival and ultimate delivery of the agent to the cell. Exemplary antisense oligomer targeting seguences

are listed in Tables 2A-2C {supra).
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i certain embodiments, the antisense gligomer is a morpholino-based oligomer, for example, a
chosphorodiamidate morpholing oligomer {(PMQO). Morpholino-based oligomers refer 1o an cligomer
comprising morpholino subunits supporting a nuclecbase and, instead of a ribose, contains a
maorphotine ring. Exemgplary internuciegside linkages include, for example, phosphoramidate or
phosphorodiamidate internucieoside linkages joining the morpholine ring nitrogen of one morpholine
subunit to the 4" exocyclic carbon of an adjacent morpholino subunit. Each morpholino subunit
comprises a purine or pyrimidine nucieobases effective to bind, by base-specific hydrogen bonding, 1o 3
base in an oligonucieotide.

Morpholino-based oligomers {including antisense oligomers; are detailed, for example, in U.5.
Patent Nos. 5,698,685, 5,217,866; 5,142,047, 5,034,506; 5,166,315; 5,185,444, 5,521,063, 5,506,337 and
pending US Patent Application Nos. 12/271,036; 12/271,040; and PCT Publication No. W(Q/2008/064471
and WO/2012/043730 and Summerton et al. 1997, Antisense and Nucleic Acid Drug Development, 7,
187-195, which are hereby incorporated by reterence in their entirety.

Within the oligomer structure, the phosphate groups are commonly referred 1o as forming the
“internucieoside linkages” of the oligomer. The naturally occurring internucleoside linkage of RNA and
DNA is 8 3" to 5" phosphodiester linkage. A “ghosphoramidate” group comprises phosphorus having
three attached oxygen atoms and one attached nitrogen atom, while a "phosphorodiamidate” group
comprises phosphorus having two attached oxygen atoms and two attached nitrogen atoms. in the
uncharged or the cationic internucieoside linkages of the morpholino-based oligomers described herein,
one pitrogen is always pendant to the linkage chain. The second nitrogen, in a phosphorodiamidate
linkage, is typically the ring nitrogen in 3 morpholine ring structure.

Accordingly, various embaodiments of the disclosure include a substantially uncharged antisense
morpholine olisomer, composed of morpholing subunits and phosphorus-containing intersubunit
linkages joining a morpholine nitrogen of one subunit to a 5'-exocyclic carbon of an adjacent subunit,
and having {a} about 10-40 nuciectide pases, and (b} a targeting sequence of sufticient length and
complementarity to specifically hybridize to a bacterial mRNA target seguence that encodes 3 virulence
factor; where the oligomer is conjugated to a celi-penetrating peptide {CPP). In particular
embodirments, the morpholino subunits are joined by phosphorous-containing intersubunit linkages in

accordance with the structure:
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where Y= oxygen {0} or sulfur, nitrogen, or carbon; Z=oxygen or sulfur, preferably oxygen; Pjis
a purine or pyrimidine base-pairing moiety effective to bind, by base-specitic hydrogen bonding, 1o &
base in a polynucleotide, and X is —NRR" where R and R’ are the same or different and are either H or
atkvl. In particular embodiments, X is —=NRR’, where R and R’ are the same or different and are either H
or methyl.

Also inciuded are antisense oligomer that comprise 3 seguence of nucleotides of the formula in
Figures 1A-1E. In Figure 1A, B is g purine or pyrimidine base-pairing moiety effective to bind, by base-
specific hydrogen bonding, to a base in a polynucieotide. Y; or Y, may be oxygen, sulfur, nitrogen, or
carbon, preferably oxygen. The X moiety gendant from the phosphorus may be fluorine, an alkyl or
substituted atkyl, an alkoxy or substituted altkoxy, a thiocatkoxy or substituteqd thiocalkoxy, or
unsubstituted, monosubstituted, or gisubstituted nitrogen, including cyclic structures, such as
morpholines or piperidines. Alikyi, alkoxy and thiocalkoxy include 1-6 carbon atoms. The Z moieties may
be sultur or oxygen, and are preferably oxygen.

N various aspects, an antisense olisomer of the disclosure includes a compound of formula (i}

28



CA 03010084 2018-06-20

WO 2017/112885 PCT/US2016/068373
kEOjN,J
|
Q=== ?——-—W
O
i ] ,
kEcz;rm ()
|
om?mw
$ X
0 N
N
AN
R iR

or a pharmaceutically acceptable salt thereof,

where each Nu is a nucleobase which taken together forms a targeting sequence;
X is an integer trom 9 to 38;

T is selected from OH and a3 moiety of the formula:

RG

QﬁTmN(Ré}zRf’

O
where sach R is independently C-Cs alkyl, and R is selected from an electron pair and H, and R°

¥

is selected from OH, —N{R"JCH,C{O)NH,, and a moiety of the formula:

: = frgemmmmmns [253
N

where:

R' s selected from H and C-C; alkyl, and
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R® is selected from G, -C{O)-R7OH, acvl, trityl, and 4-methoxytrityl, where:
R is of the formula -{O-alkyl),- wherein y is an integer from 3 to 10 and each of
the v alkyl groups is independently selected from C,-Cs alkyl;
each instance of R” is =N{R'°),R" wherein each R" is independently C,-Cs alkyl, and R is
selected from an electron pair and H;

R%is selected from H, G, acyl, tritvl, 4-methoxvtrityl, benzovi, stearovi, and a moiety of

the formuia:

where L is selected from —C{OWCH,).C{O)- and -C{OHCH,),5,{CH,)L,CIO-, and each R is of the
formula —{CH,LOCIOINIR™, wherein each R is of the formula -{CH, s NHC{=NHINH,; and

R¥ is selected from an electron nair, H, and C-C; alkyi,

wherein G is a cell penetrating peptide ("CPP”) and linker moiety selected from

-C{OMCH ) NH-CPP, -CiO){CH, ), NH-CPP, -C{O}CH; ), NHCIO HCH, s NH-CPP,

and -CtOICH,NH-CPP, or G is of the tormula:

;‘;PP
N

) 4

wherein the CPP is attached to the linker moiety by an amide bond at the CPP carboxy
terminus, with the proviso that only one instance of G is present,

wherein the targeting sequence specitically hybridizes to a bacterial mRNA target sequence that
encodes a virulence factor.

i some embodiments, Xis from 8 1o 18, in certain embodiments, Xis 9, 10, 11,12, 13, 14, 15,
16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30.

in certain embodiments, T is selected from:
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In some embodiments, R® is selected from H, G, acyl, trityl, 4-methoxyiritvi, benzoyl, and
stearovi.

Iy various embodiments, T is selected from:

| SN Y
MO

3
. ) NH.
R
j -~
| |
!
\\f‘ \§‘s 2.
~ ; * and Cand R is G,

In some embodiments, Tis of the formula:

R” is of the formula:

)
\ / RPOM ,

and R is G.

I certain embodiments, T is of the formula:
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and R is G.

i certain embodiments, T is of the formula:

(‘E:";
ENj

|/
Oy P

LN

in some embodiments, R is selected from H, acyl, trityl, 4-methoxytrityl, benzoyl, and stearovi.

in various embodiments, R7is selected from H or G, and R is selected from an electron pair or

each R'is -MiCHz ). In some embodiments, at least one instance of 2t s ~NiCHs1,. In certain
embodiments, each instance of R is -N{CH;}».
It various embodiments of the disclosure, an antisense oligomer of the gisclosure

inciudes a compound of formuia (i):
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N
O = e N(CHg ),
O
{
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Oz P e N G b

)
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SN
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or a pharmaceutically acceptable salt thereof,
where each Nu is a nuclecbase which taken together forms a targeting sequence;
X is an integer from 9 to 28;

T is selected from:

%\\/O ©
o™ | ) O NH, G
e N
RQ
\?i
\\N \

N

| Oz P e N(CH ) | /
o= e | OH S
] 5 \

\}3 \\>; E 0
: : ; and \\j' :

R?is selected from H, G, acyl, trityl, 4&-methoxytrityl benzovi, and stearoyl; and
R is selected from an electron nair, H, and C-Cq alkyl,

wherein G is 3 call penetrating peptide ("CPP”) and linker moiety selected

from -C{ONCH, JoNH-CPP, -C{OHCH, ), NH-CPP, -CLOHCH, ), NHCORCH,) o NH-CPP,

PCT/US2016/068373
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and -CiO)CH,NH-CPP, or G is of the formuia:

O CPP

. wherein the CPP is attached to the linker moiety by an amide bond at the

CPP carboxy terminus, with the proviso that only one instance of G is present. In various embodiments,

R%is G or Tis of the formula:

G3

@
Ommmmp N/

in some embodiments, Tis TEG as defined above, R%is G, and R’ is an electron cair or H. in
certain embodiments, R” is selected from H, acyl, trityl, 4-methoxytrityl, benzoyl, and stearoyi and T is of

the formuia:

€

I
EN\E
N/E

F:!

.

/
\
Y

»

In various aspects, an antisense oligomer of the disclosure inciudes a compound of

tormula (I
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O N (111)
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O NU
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G [32

or a pharmaceutically acceptable salt thereof,
where each Nu is 3 nucleocbase which taken together forms a targeling sequence;
X is an integer trom 9 to 28;

T is seijected from:

O NH,

P
(J

D P e N {C Ha o
N(CH o) | O
)

O\}g : \\; - and ML

P
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each instance of R is ~N{R'},R* wherein each R" is independently C1-C; alkyl, and R is
selected from an electron pair and H;

R%is selected from an electron pair, H, and C,-C; alkyl; and

G is a cell penetrating peptide {"CPP”} and linker moiety selected
from -C{OYCH,)sNH-CPP, -C{OHCH, L NH-CPP, -CLOKCH, 1 NHC{OHCH, JsNH-CPP,

and -CtO)CHLNH-CPP, or G s of the formula:

O CPP

?

wherein the CPP is attached to the linker moiety by an amide bond at the CPP carboxy terminus.
in some embodiments, at least one instance of R' is -N{CH.),. In certain embodiments, each instance of
R" i -N{CHa)».

’ .

N various aspects, an antisense oligsomer of the disclosure includes a compound of formula {iV):
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or a pharmaceutically acceptable salt thereot, wherein:

X is an integer from 9 to 28;

cach Ny is a nuclecbase which taken together torms a targeting seguence;

each instance of R is ~N{R'),R* wherein each R" is independently C-Cg atkyl, and R is
selected from an etectron pair and H; and

G is g cell penetrating peptide ("CPP7} and linker moiety selecteq
from -C{ONCH,)sNH-CPP, -C{OHCH, L NH-CPP, -CLOKCH, L NHCIOHCH, )sNH-CPP,

and -CtOICH,NH-CPP, or G is of the tormula:

€ CEP

N
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wherein the CPP is attached to the linker moiety by an amide bond at the CPP carboxy terminus.

In some embodiments, at least one instance of R is -NiCHs}o. In certain embodiments, each instance of

Bt s -N{CHs),.

in various aspects, an antisense oligomer of the gisclosure can be a compound of formula {V):

&

N

wherein:
X is an integer trom 9 to 18;
each Ny is a nucleobase which taken together torms a targeting seguence;

each instance of R is ~N{R'),R* " wherein each R" is independently Ci-Cg atkyl, and R is

selected from an etectron pair and H;
R is selected from H, trityl, 4-methoxytrityl, acyl, benzovl, and stearoyl: and
R?is selected from an electron pair, H, and C-Cq alkyi,
wherein G is a cell penetrating peptide {("CPP”) and linker moiety selected
from ~C{ONCH,)sNH-CPP, -C{OHCH, o NH-CPR, -C{O)CH, L, NHCOHCH )sNH-CPP,
and -CHO)CHLNH-CPP, or G is of the formuia:
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i

wherein the CPP is attached to the linker moiety by an amide bond at the CPP carboxy terminus.
in some embodiments, at least one instance of R is -N{CH3),. In cerfigin embodiments, each instance of
R is -N{CHa),.

I various aspects, an antisense oligomer of the disciosure includes a compound of formuia (Vi

¥

A

o

QP N(CHy),

O

L\\/O\\/ ¥.

i

(V1)

[
P
)

N(CHa}s

RPN
M

N

NU

,5\2

or a pharmaceutically acceptable salt thereof, wherein:
X is an integer from 9 to 28;
each Nu is a nucleobase which taken together forms a targeting seguence;

2
R” is selected from H or acyl; and
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G is a cell penetrating peptide {("CPP”} and linker moiety selected
from ~-C{O N CH,)sNH-CPP, -C{ONCH, 1 NH-CPPR, -C{OMCH, LNHGOHCH, )sNH-CPP,
and ~-CLOICH,NH-CPP, or G is of the formula:

) CPP

2

wherein the CPP is attached to the linker moiety by an amide bongd at the CPP carboxy terminus.
The antisense oligomers can be prepared by stepwise solid-ghase synthesis, emploving methods

known in the art and described in the references cited herein.

8. Ceill-Penetrating Peptides

In certain embodiments, the antisense oligomer is conjugated to a cell-penetrating peptide
{CPPI. In some embodiments, the CPP is an arginine-rich peptide. By “arginine-rich carrier peptide” is
meant that the CPP has at least 2, and preferably 2, 3,4, 5, 6, 7, or 8 arginine residues, each optionally
separated by one or more uncharged, hydrophobic residues, and optionally containing about 6-14
amino acid residues. Figures 1F-1H show exemplary chemical structures of CPP-PMO conjugates used in
the Examples, including 5" and 3" PMO conjugates.

Exemplary CPPs are provided in Table €1 {(SEQ 1D NOS: 43-49)

b |
¥

| Table C1: Exemplary Cell-Penetrating Peptides
| Name | Sequence  SEQ ID NO:

(RXR} BARRARRARRYEK 4 3

(RFF) 3R | REFRFFRFFR 44

(RYR} 4 XE HARKARRARRARX £ 40

(REE ) sR¥B REPEPRPPREFRXE 46

(REE} 5RG REPEPRFEPREEFR 4/

ReG | RRRRRRG 48

R | RRRRRR 49

| X is 6-aminohexancic acid; B is b-alanine; F is phenvlialanine; G 135 glvcine

CPPs, their synthesis, and methods of conjugating a CPP to an oligomer are detailed, for
exampie, in International Patent Application Publication Nos. W0 2004/097017, W0 2009%/005793, and
WO 2012/150960, which are all incorporated by reference in their entirety.

in some embodiments, the CPPis linked at its C-terminus to the 3-end or the 5 -end of the

oligomervia a i, 2, 3, 4, or 5 amino acid linker. in particuiar embodiments, including antisense oligomer

4{)
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compounds of formula {1)-{Vi}, the linkers can include: -C{O}CH,)sNH-CPP (X linker), ~-C{O}H{CH,};NH-CPP
(8 linker), -C{OHCH, LNHC{OHCH, ;sNH-CPP {XB peptide linker), and -C{OJCHNH-CPP {Gly linker), or G is

ot the formula:

wherein the CPP is attached to the linker moiety by an amide bond at the CPP carboxy terminus. In
some embodiments of the disclosure, including antisense oligomer compounds of formula {1)-{Vi}, G is
selected from SEQ 1D NQOs: 45 to 48, In various embodiments, including antisense oligomer compounds
of formuia {{1}-{Vl}, the CPP is selected from SEQ 1D NG: 43, 44, and 49, and the linker is selected from the

group described above.

N some embodiments, including antisense oligomer compounds of formula {(1}-{Vl}, the CPP s

¢
}-
?/
HN
H;N/k} N

selected from:

/

N

HN P NH, {6

)

wherein R° is selected from H, aceivl, benzovl, and stearovi.

41
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(W1}, G is selected

- and

I some embodiments, including antisense oligomer compounds of formula {|)

from:

wherein R is selected from H, acetyl, benzovi, and stearoyl
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I various aspects, an antisense oligomer of the disclosure, or a pharmaceutically acceptable sait

thereof, inciudes an antisense oligomer of the formuia {Vii) selected from:
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wherein X is an integer from 9 to 38, R% is selected from H, acetyl, benzovl, and stearoyl, R” is selected
from H, acetyl, benzoyl, stearovi, trityl, and 4-methoxyiritvl, and each Nu is a purine or pyrimidine base-

pairing moiety which taken together form a targeting sequence described above.

. Antisense Qligomer Targeting Seguence

in various embodiments of the antisense oligomers of the disclosure, including the antisense
cligomer compounds of formulas {{}-{Vil}, the targeting sequence can specifically hybridize to a bacterial
MBNA target sequence that encodes g virulence tactor. In some embodiments, the target seqguence
comprises a transiational start codon of the bacterial mRNA and/or a seguence within about 30 bases
upstream or downstream of the transiational start codon of the pacterial mRNA. In certain

embodirments, the virulence factor can be an antibiotic resistance protein, a biotiim tormation protein or

an essential protein. In some embodiments, the antibiotic resistance protein may be selected from at

45
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least one of New Delhi metalio-heta-iactamase (NDM-1), resistance-nodulation-cell division (RND)-type
multidrug effiux pump subunit AdeA {aded), serine beta-lactamase {KPC or KPC 1-4}, acridine resistance
complex protein AcrA, acridine resistance complex protein AcrB, acridine resistance complex repressor
protein AcrR, acridine resistance compliex protein TolC, and outer membrane protein A {OmpA). in
some embodiments, the target sequence can be selected from SEQ 1D NOS: 1-4, wherein thyimine bases
{1} are optionally uracil bases {U}. In certain embodiments, the targeting sequence may be one of the
targeting sequences set torth in SEQ 1D NOS: 10-25, may comprise a fragment of at least 10 contiguous
nucleotides of SEQ 1D NOS: 10-25, or may comprise a variant having at least 80% sequence identity to
SEQ 1D NOS: 10-25, wherein thymine bases {T) are oplionally uraci bases {U}.In some embodiments, the
biofitm formation protein may be encoeded by at least one of Cept, SuhB, Csuk, Sech, Pgll, PiUl, Alg/,
Algll, LasR, FileR and Pelf. In certain embodiments, the target sequence can be selected from SEQ D
NOS: 5-9, wherein thymine bases {1} are optionally uracil bases {U}. In some embpodiments, the
targeting sequence may be one of the targeting sequences set forth in SEQ D NOS: 26-36, may comprise
a fragment of at least 10 contiguous nucieotides of SEQ 1D NOS: 26-36, or may comprise a variant having
at least 80% sequence identity to SEQ 1D NOS: 26-36, wherein thymine bases {T} are optionally uraci
bases (U} in some embodiments, an essential protein may be encoded by at least one of BRpoD or PolB.
in some embodiments, the targeting segquence may be one of the targeting seguences set forth in SEQ
1D NOS: 37-38, may comprise a fragment of at least 10 contigtious nucleotides of SEQ 1D NOS: 37-38, or
may comprise a variant having at least 80% sequence identity to SEQ 1D NQOS: 37-38, wherein thymine
bases (1) are optionally urach bases {U}.In some embodiments of the disclosure, including the antisense
oligomer compounds of formulas {1}-{Vil}, the targeting sequence is selected from:

a) SEQ D NO: 10 {CAT GGA TAT CCj;
o} SEQ D NO: 11 {ATG TAA ACCTC;

C) SEG 1D NG: 12 {GTT CAT ATG TA};
3} SEG 1D NO: 13 (AACCCT CTG TT;
e} SEQ 1D NO: 14 (TGT TCATAT GT;
f) SEQ D NO: IS5 {GTCTTA ACG GC;
3 SEQ 1D NO: 16 {AGG CAT GTC TT);
) SECG 1D NO: 17 {TAG GCATGT CT);
i) SEG 1D NO: 18 {TAT GTT CGT GA};
i) SEQ ID NO: 19 (TTC ATY TGC AT;
K} SEQ 1D NO: 20 {ATT CCT TGT GG);
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) SEQ 1D NO: 21 (TTT GCATTCCT);
m) SEQ 1D NO: 22 {GAT ACA GTG AC);

n} SEQ D NO: 23 {AAC GAT ATT CCJ;
s} SEQG 1D NG: 24 {TCA AGT TTT CCJ; and
i} SEG 1D NO: 25 {TCCTTT TAT TC),

wherein X is 8, and thymine bases {1) may be uracil bases{U)].
in various embodiments of the disclosure, including the antisense oligomer compounds of

formulas {11-{Vil}, the targeting seguence is selected from:

2} SEQ 1D NO: 26 (TTATAT TCATGG);
i} SEG 1D NO: 27 {TCATGG CAA AG);
C) SEQ D NO: 28 {TTT CCT GTC AA);
i) SEQ 1D NO: 29 {(TTG CCA ACA TG);
e) SEQ 1D NO: 30 {CAT TAC CCA AG);
i) SECG 1D NG: 31 {TTA AAA TCC AT);
2} SEG 1D NO: 32 {TAG GCA TCG AC;

h) SEQ 1D NO: 33 (AAA GCT CCT C1);

i) SEQ 1D NO: 34 {AGG CCA TAG CG);
i) SEGQ D NO: 35 {TTACTC (TG AA); and
K SECQ 1D NQG: 36 {(TTC GGT CAT GT),

wherein X is 8, and thymine bases {1} may be uracil bases{l].
I various embodiments of the disclosure, including the antisense oligomer compounds of

formuias (1)-{Vil}, the targeting sequence is selected from:

z} SEQ D NO: 37 {TCATCT TTG C1); and
v} SEC 1D NO: 38 {TCATGG CAA AG),

wherein X is 8, and thymine bases {1} may be uracil bases{l].

3. Exempilary Antisense Oligomers

Exemplary antisense oligomers (AONs) of the disclosure include those described in Tables 3A-3C

below
, Tabie 3A: Exemplary Antibiotic Resistance Targeting AQONs
=k """""""""""""" e — A ——— :: e pr T m——— ': """""""""""""
‘ PO target | Targeling equence | 155kQ 5° Attachment | 3 Attachment | CPP5EQ
_________ Name | Gene | (TS} N0 | o} ** | IDNO.
. PPMO#] OmpA CAT GGA TAT CC 10 (RXR},XB- H or -C{OICH, 45
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 PPMOR2 | AcrA | ATGTAAACCTC | 11 | RXR).XB- | Hor-CiO)CH, | 45
PPMO#3 AcrA | GTTCATATGTA L 12 (RXR),XB- | Hor-C{O)CH; 45
PPMONA | AcA | AACCCTCTGTT | 13 | (KRB | Hor-Clojch, | 45
 PPMO#S | AcrA | TGTTCATATGT | 14 | RXR)XB- | Hor-ClO)CH, | 45
. PPMO#6 | AcB | GTCTTAACGGC | 15 (RXR)XB- | Hor-ClO)CH; | 45
PPMOH7 | AcB | AGGCATGTCTT | 16 | (RXRIXB- | Hor-C{O)CH, | a5
 PPMOHS | AcB | TAGGCATGTCT | 17 | RRIXe. | Horcoichs | a8
- PPMO#HY AcrR | TATGITCGTGA | 18 RXR).XB- | Hor-ClOJCH: | 48
PPMVOHI0 | TolC | TICATTTGCAT | 18 | RRE | Hor COGH | a
PPMOHIL | TolC | ATTCCTTGTGG | 20 | RXRIE. | Hor CoCH, | a5
PPMO#12 | Tolc | TITGCATTICCT | 21 | (RXR}XB- | Hor-C{O)CH; | 45
| PPMO#H13 KPC | GATACAGTGAC | 22 (RXR}XB- | H 45
TPPMOR1A | KPC14 | AACGATATTCC | 23 | S B R R
TPPMOH34 | KPC | GATACAGTGAC | 22 | Tea | R&G | 48
PPMIO#35 KPC |  GATACAGTGAC L 22 TEG - {RXR}XE- 45
PPMO#IS | NDM1 | TCAAGTTITCC | 24 | e | Re | @
PPMO#16 | NDM-1 | TCCTTTTATTC | 25 | | RG | Hor-ClO)CHy | 48
PPMOH17 | NDM-1 TCA AGTTTTCC 24 R.G H or -C{OVCH, 48
U PPMOH#IS | NDM1 | TCCTITATTC | 25 | TEG | (RXRWXB- | 45
5"'5'5'ﬁ'8%%’£§"" ------- N DM~4 -------- TCAAGTTTTCC | 24 | 66 T RXR‘=4XB """"" GETTTT
A S I S - e
= N - L

* The thymines {T} can be uracils {U};

** Xis b-aminchexanoic acid, B is beta-alanine, G is glycine and TEG is defined above.
% X is 6-aminohexanoic acid, B is beta-alanine, G is glycine, TEG is detined above, and a & CPP is linked

through a pip-PDA moiety described above.

_____________________________________________________________________________________________________________________________

Tabie 3B: Exemplary Biotilm Formation Targeting AONs

PAMG Target Targeting Sequence 15 SEQ 5" Attachment 3’ Attachment PP SEQ
. Name Gene | (TS . 1D NO: Xk x* 1D NO.
PPMO#20 |  CsuE TTA TAT TCA TGG J_ 26 R:G H or -C{O)CH; 48
PPMO#21 | CsuE | TCATGGCAAAG | 27 | | (RXR)XB- | Hor-C{O)CHs | 45
penionz | CaE | TTATATTOATGG | 26| (KRB | Hor-CloicH | 45
PPMO#23 | CsuE | TTTCCTGTCAA | 28 | | (RXR}XB- | Hor-C{O)CH; | 45
 PPMO#24 | SecA | TIGCCAACATG | 29 | (RXR)XB- | Hor-C{O)CH; | a5
 PPMOHIS | Pgil | CATTACCCAAG | 30 | RXRIXB. | Hor ClOjCH, | a5
PPMO#26 | PilUL | TTAAMATCCAT | 31 | RXR)XB- | Hor-ClO)CHs | 45
| PPMO#27 | AlgZ . TAG GCATCG AC |3z (RXR),XB- | Hor-C{O)CH; 45
PPMO#28 | AlgU |  AAAGCTCCTCT | 33 | | (RXR)XB- | Hor-C{O)CH; | 45
PPMO#29 | LasR | AGGCCATAGCG | 34 | RXR)XE- | Hor-CO)CH, | 45
PPMO#30 FieR L TTA CTC CTG AA 35 (RXR},XB- H or -C{O}CH; 45
PPMOH31 | Pelf | TICGGTCATGT | 36 | (RXR)XB- | Hor-ClO)CH; | 5
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* The thymines {T) can be uracils {U);

**TEG is defined above.

*x¥ K is 6-aminohexanoic acid, B is beta-alanine, G is glycine and a 5" CPP is linked through a pip-PDA
moiety described above.

Tabkle 3C: Exemplary Essential Genes Targeting AQONs

PMO Target Targeting Sequence TS SEQ 5" Attachment 3" Attachment CPP SEQ
_Name | Gene | (OS}* BNo: ) T L _IBNO.
. PPMO#32 | RpoD | TCATCTTIGCT | 37 TEG  [RXR}XB- | 45
 PPMO#33 | PolB | AGTAACTCCAC | 38 (RXR)XB- | Hor-C{O)CHs | 45

* The thymines {T} can be uracils {U};

¥ X is 6-aminohexanoic acid, B is beta-alanine, TEG is defined above.

=x¥ X is 6-aminohexanoic acid, B is beta-alanine, TEG is detined above and a 5" CPP is linked through a
nin-PDA moiety described above.

3. PMethods of Use and Formulations

Embodiments of the present disclosure include methods of using the antisense cligomers
described herein to reduce the expression and activity of one or more bacterial virulence tactors.
Certain embodiments include methods of using the antisense oligomers to reduce replication,
profiferation, virulence factors, or growth of bacteria, for exampile, to treat bacterial infections in a
suibject, either alone or in combination with one or more additional antimicrobial agents. In some
instances, the antisense oligomers increase the susceptibility of the bacterium to antibiotics. Certain
embodiments inciude methods of using the antisense oligomers described herein to reduce the
formation or existence of bacterial biotilms, for instance, to treat bacterial infections in a subject, either
alone or in combination with one or more additional antimicrobial agents.

Also included are pharmaceutical compositions comprising the antisense oligomers, typically in
combination with a pharmaceutically-acceptable carrier. The methods provided herein can be practiced
in VIitro Qv in vivo.

For exampie, certain embodiments inciude methods of treating a bacterial intection in a subject,
comprising administering to a subject in need thereof {e.g., subject having or at risk for having a
bacterial infection) an antisense oligomer or pharmaceutical composition described herein. Also
included are methods of reducing virulence and/or biofilm formation of a bacteria or bacterium which
comprises a gene encoding a virulence factor, comprising contacting the bacteria or bacterium with an
antisense oligomer described herein.

in some embodiments, the bacterium is selected trom the genus Escnerichio, Acinetobacter,

Kiebsiella, Burkholderia, and Pseudomonas.
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Escherichia is a genus of Gram-negative, non-spore forming, tacuitatively anaerobic, rod-shaped
bacteria from the family Enterobacteriaceae, and includes the species £scherichia coli, which is
responsible for the vast majority of Escherichia-related pathogenesis.

Acinetobacter is a genus of Gram-negative bacteria helonging to the class of
Gammaproteobacteria. Examples of clinically-relevant Acinetobacter complexes include the

Acinetopacter coicogeeticus-poumanii complex {glucose-oxidizing nonhemolytic), Acinetobacter Iwoftii

Acinetopacter boumonnii. Acinetobacter baumanenii is a ubiguitous organism that has emerged over
recent vears to be a signiticant cause of hospital-acquired infections. it is all the more concerming given
that A. baumannii has become one of the most antibiotic resistant Gram-negative pathogens that the
medical community currently faces worldwide. The rapid increase in multidrug-resistance in A.
poumannii has left few therapeutic choices for the treating physician. Older drugs such as colistin are
now freguently used, although colistin-resistant strains have now emerged. 4. bogumannii can cause a
variety of clinical infections, with pneumonia being one of the most trequent.

Kiepsiefla is a genus of non-motile, Gram-negative, oxidase-negative, rod-shaped bacteria with a
prominent polysaccharide-based capsule. Kiebsiella organisms can lead to a wide range of disease
states, such as pneumaonia, urinary Iract infections, septicemia, meningitis, diarrhea, and soft tissue
infections. The majority of human infections are caused by Kiepsiella pneumonige and Klebsielio
axytoca. Kiebsiello has become increasingly drug resistant. A recent outbreak of Kiebsielio infections at
the National Institutes of Health Clinical Center illustrates the gifficulty in treating patients with these
infections and the complexities that institutions can face in tryving to eradicate these strains from the
hospital environment. The spread of carbapenem-resistant Enterobacteriaceae {CRE} {including K.
phneumonioe) has happened rapidly worldwide, including in the U.S. where carbapenemase-producing
CRE has now been reported in most states.

Burknolderia {previously part of Pseudomonas) reters to a group of near ubiquitous gram-
negative, motile, obligately aerobic rod-shaped bacteria. These protobacteria include pathogenic
bacteria such as Burkhoideria maliiei, responsible for glanders; Burkholderia pseudomailei, causative
agent of melioidosis; and Burkholderia cepacia, a significant pathogen of pulmonary infections, for
exampile, in subjects with cystic fibrosis {CF). Burkholderia cepacia (or Burkholderia cepoacio complex} is a
Gram-negative bacterium composed of many different sub-species, including, for example, Burknolderia
cenocepacia, Burkholderia multivorans, Burknolderio vietnamiensis, Burknoideria stabilis, Burkholderia

anthing, Burkholderia pyrrocinia, Burkholderia dolosa, and/or Burkholderio ambifaria.
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Pseudomonas is a genus of Gram-negative aerobic gammaproteobacteria, belonging to the
family Pseudomonadaceae. Pseudomonas aeruginesa is increasingly recognized as an emerging
opportunistic pathogen of clinical relevance. Pseudomonas geruginosg can cause a variety of infections
in the hospital setting including VAP, bacteremia and wound intections in burn patients. In addition, it is
the major pathogen associated with tung infections in cystic fibrosis. Eighty percent of CF patients are
intfected with P. geruginoso by adulthood, and chronic tung infections with this pathogen are the
orimary cause of morbidity and mortality. in the CF patient, complete eradication of P. geruginosa is
rarely achieved. P. geruginosa is naturally resistant to many antibiotics and is becoming resistant to
those it was once sensitive to. Importantly, multi-drug resistant isolates of P. geruginosa are now
common in both CF and non-CF patients leaving virtually no therapeutic options. The formation of
biotitm is a major virulence trait in Pseudomonos.

Thus, in some embodiments, the bacterium is any of the foregoing members of the genera
Escherichia, Acinetobacter, Klepsielia, Burkhoideria, and Pseudomonas. In specific embodiments, the
bacterium is one or more of Escnerichia coli, Acinetobacter baumannii, Kleosiello pneumoniage,
Burkholderiag cepacia {complex], or Pseudomonas aeruginosa.

I certain embodiments, the bacterium is multi-drug resistance {MDR] bacteria or bacterium.
Multtiple drug resistance (MDR]}, multi-drug resistance or multiresistance is 3 condition enabling disease-
calsing microorganisms (bacteria, viruses, tungi or parasites} to resist distinct antimicrobials such as
antibiotics, antifungal drugs, antiviral medications, antip<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>