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ANTISENSE ANTIBACTERIAL COMPOURNDS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority to U.S. Provisional Application No. 62/387,178,

filed December 23, 2015, 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 3
paper copy, and is hereby incorporated by reference into the specification. The name of the text file
containing the Ssguence Listing 15 SATH-008 01WO Seglist STZ25.xt. The text file is about 14KE,

was created on December 19, 2016, and is being submitted electronically via EFS-Web.

BACKGROUND
Technical Field

The present disclosure includes antisense oligomers targetad against pacterial mRNAS and
other macromuolecules involved in a biochemical pathway and/or cellular process, and related
compositions and methods of using the oligomers and compositions to treat an infected mammalian

subject, for example, as primary antimicrobials or as adjunctive therapies with classic antimicrobials,

Description of the Reloted 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. Glycopeptide antibiotics, including vancomycin and teichopianin, inhibit both
transgiveosvyiation and transpeptidation of muramyi-pentapeptide, again interfering with
peptidogivean synthesis. Other well-known antibiotics include the guinociones, which inhibit bacteriat
DNA replication, inhibitors of pacterial RNA polymerase, such as rifampin, and inhibitors of enzymes
int the pathway for production of tetrahvydrotolate, inciuding the sulfonamides.

Some classes of antibiotics act at the level of protein synthesis. Notable among these are the
aminogivcosides, such as kanamycin and gentamicin. This class of compounds targets the bacterial
335 ribosome subunit, preventing the association with the 508 subunit to form functional ribosomes.
Tetracyclines, another important ciass of antibiotics, also target the 30§ ribosome subunit, acting by

preventing alignment of aminoacvyiated tRNAs with the corresponding mRNA codon. Macrolides and
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Hncosamides, another class of antibiotics, inhibit bacterial synthesis by binding to the 505 ribosome
subunit, and inhibiting peptide elongation or preventing ribosome transiocation.

Daspite impressive successes in controlling or eliminating bacterial infections by antibiotics,
the widespread use of antibiotics both In human medicing ang as a feed supplement in poultry ang
Hvestock production has fed to drug resistance in many pathogenic bacteria. Antibiotic resistance
mechanisms can take a variety of forms. One of the major mechanisms of rasistance to beta lactams,
particularly in Gram-negative bacteria, is the enzyme beta-lactamase, which renders the antibiotic
inactive by cleaving the lactam ring. Likewise, rasistance to aminoglvcosides often involves an
enzyme capable of inactivating the antibiotic, in this case by adding a phosphoryl, adenyi, or acetyl
oroup. Active effiux of antibiotics is another way that many bacteria devaiop resistance. Genes
encoding efflux proteins, such as the tetA, tetG, tetl, and tetK genes tor tetracycline efflux, have
been identified. A bacterial target may develop resistance by altering the target of the drug. For
exampie, the so-called penicillin binding proteins (PBPs) in many beta-lactam resistant bacteria are
altered to inhibit the critical antibiotic binding to the target protein. Resistance to tetracycline may
involve, in addition to enhanced etfiux, the appearance of cytoplasmic proteins capabie of
competing with ribosomes for pinding to the antibiotic. For those antibiotics that act by inhibiting a
pacterial enzvme, such as tor sutfonamides, point mutations in the target enzyme may confer
resistance.

Kiebsiella pneumoniae is found in the normal flora of the mouth, skin and intestines.
However, it can cause severe lung problems if aspirated, and is a significant cause of hospital-
acquired infections. Kiebsiefia can also cause infections in the urinary tract, lower biliary tract, and
surgical wound sites, among other sides. The range of clinical diseases inciudes pneumonia,
thrombophlebitis, urinary tract infection, cholecystitis, diarrhea, upper respiratory tract infection,
wound infection, osteomyelitis, meningitis, and bacteremia, and septicemia. Klebsiella species are
often resistant to multipie antibiotics. In fact, the spread of carbapenem-resistant
Enterobacteriaceae {CRE} {including K prieumonige) has happened worldwide, including in the U.S.
where carbapenemase-producing CRE has now been reported in most states.

Pseudomonas geruginosa is a common Gram-negative bacterium that is found in soil, water,
skin flora, and most man-made environments throughout the world. But it can cause serious disease
in humans. For example, it Pseudomonas intections occur in critical body organs, such as the lungs,
the urinary tract, and kKidneys, the resuits can be fatal. It is also the major pathogen associated with
lung infections in cystic fibrosis. CF patients typically become infected with strains of Pseudomonas
geruginosa from the environment, after which they evolve in the CF lung. Eighty percent of CF

patients are intected with Pseudomonas geruginosa by adulthood and chronic iung infections with
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this pathogen are the primary cause of morbidity and mortaiity. In the CF patient, complete
eradication of Pseudomonas geruginosa is rarely achieved. Pseudomonas geruginosa is naturally
resistant to many antibiotics and is becoming increasingly resistant to previously effective
antibiotics. Multi-drug resistant isolates of Pseudomonas aeruginesa are now common in both CF
and non-CF patients, leaving virtuatly no therapeutic options.

Acinetobacter paumannii s a ubiguitous organism that has emerged over the vears to be a
significant cause of hospital-acquired intections. This change in epidemiology is especially concerning
given that A. boumaonnii has become one of the most antibiotic-resistant Gram-negative pathogens
that the medical community faces world-wide. The rapig increase in muiti-drug resistance in A.
baumannii has left few therapeutic choices for the treating physician. Drugs such as colistin are now
frequently used, atthough colistin-resistant strains have appeared. Acinetopacter baumannii can
cause a variety of clinical infections, with pneumonia being one of the most frequent.

Escherichia coli normally inhabits the large intestine of humans as a commensal organism.
However, 1t can also cause a variety of clinical infections, and is a leading cause of bacteremia. There
has been an alarming increase in the number of antibiotic-resistant strains of £. coli isolated from
patients with nosocomial and community-acquired bacteremia. it is not uncommon for strains to be
resistant to muitiple antibiotics.

The appearance of antibiotic resistance in many pathogenic pacteria, inciuding cases
involving multi-drug resistance {MDR), raises the fear of a 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 subject to the principal types of antibiotic resistance currently hampering
antibiotic treatment of bacterial infection, {ii} can be developed rapidiy and with some reasonable
degree of predictability as to target-bacteria specificity, tiii) are effective at low doses, and {iv) show

few side effects.

BRIEF SUMMARY

Embodiments of the present disclosure relate, in part, to the discovery that the antisense
targeting of bacterial genes associated with biochemical pathways, celiular processes, and/or
antibiotic resistance can increase the antibiotic susceptibility of otherwise antibictic-resistant
pathogenic bacteria, and reguce the ability of certain pathogenic bacteria 1o grow. For example, the
antisense targeting of genes associated with murein biosynthesis, cell division, giobal gene
regulatory mechanisms, fatty acid biosynthesis, ribosomal proteins, ribosomal RNA {(rRNA}, DNA
replication, transcription, transiation initiation, lipopolysaccharide biosynthesis, nucieic acid

biosynthesis, intermediary metabolism, RNA biosynthesis, protein biosynthesis, peptidogivean
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piosynthesis, cellular energy homeostasis, aromatic compound biosynthesis, and antibiohic
resistance have been shown to be pactericidal at chinically-relevant concentrations. The antisense
cligomers described herein could thus find utility in the treatment of such bacteria, tor instance, in
combination with antibiotics or as standalone therapies.

Embodiments of the present disclosure therefore include a substantially uncharged
antisense morpholino oligomer, composed of morpholing subunits and phosphorus-containing
intersubunit inkages joining a morpholing nitrogen of one subunit to a 5 -exocyclic carbon of an
adiacent subunit, and having {3) about 10-40 nucleotide bases, and (b} a targeting sequence of
sufficient length and complementarity to specifically hybridize to a bacterial mRNA target segquence
that encodes a protein associated with a biochemical pathwavy and/or cellular process, or a
ribosomal RNA target sequence, as described herein. In some instances, the oligomer is conjugated
to a cell-penetrating peptide {CPP).

In cartain embodiments, the targeting segquence is selected trom Tables 14-B. In some
embodiments, the olisomer is about 10-15 or about 11-12 nucieotide bases in length and has 3
targeting sequence selected from Tables 1A-B.

in certain embodiments, an antisense oligomer of the disclosure is of formula {1):

. A N

or a pharmaceutically acceptable sait thereof,
where each Nu is a nucieobase which taken together torms a targeting seguence;

X is an integer from 9 to 38;
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T is seiected from OH and a moiety of the formuia:

R8

omemR‘*)st

O
where each R" is independently C,-Cg alkyl, and R” is selected from an electron pair and H,

5

and R®is selected from OH, —N{R"ICH,C{O}NH., and a moiety of the formula:

where:
R” is selected from H and C,-C; alkyl, and
R is selected from G, -C{O}-R'OH, acyl, trityl, and 4-methoxytrityl, where:

R’ is of the formula -{G-alkyl},- wherein v 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"1,R" wherein each R" is independently C,-Cs alkyl, and
RY is
sefected from an electron pair and H;
R*is selected from H, G, acyl, trityl, 4-methoxyirityl, benzovi, stearovl, and a moiety

of the formula:

where L is selected from —~C{ONCH,.C{O)- and -C{ONCH, LS {CH,LO{O-, and each R is of
the formula ~{CH,)L,OC{OINIR™), wherein each R™ is of the formula -{CH, ) NHC(=NHINH,; and

1 is selected from an electron pair, H, and C-Cs alkyi,

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

C{OHCH, ) NH-CPP, -CLONCH, LNH-CPP, -C{O}CH, ), NHC{OHCH, ) NH-CPP,
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and -C{OJCH,NH-CPP, or G is of the formula:

cwherein 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 specifically hyvbridizes to a bacterial mENA target sequence
that encodes a protein associated with a biochemical pathway and/or cellular process, or a
ribosomal RNA target sequence, or a protein associated with antibiotic raesistance, as described
herein.

In some embodiments, the target sequence comprises a transiational start codon of the
bacterial mRNA and/or a sequence within about 30 bases upstream or downstream of the
transiational start codon of the bacterial mRNA.

in some embodiments, the protein associated with a biochemical pathway and/or cellular
process is a tatty acid piosynthesis protein. In certain embodiments, the fatty acid biosynthesis
protein is an acyl carrier protein. In certain embodiments, the acyl carrier protein is encoded by
gepP. In some embpodiments, the fatty acid biosynthesis protein is an acyl carrier protein synthase. In
some embpodiments, the acyl carrier protein synthase is encoded by fapB. In certain embodiments,
the targeting sequences is set forth in SEQ 1D NOS:1-3, comprises a fragment of at least 10 contiguous
nucieotides of SEQ D NOS: 1-3, or comprises a variant having at {east 80% sequence identity to SEQ
D NOS: 1-3, where thymine bases {T} are optionally uracil bases {U).

in some embodiments, the protein associated with a biochemical pathwayv and/or cellular
process is a peptidogivean biosynthesis protein. In certain embodiments, the peptidogiycan
biosvinthesis protein is a UDP-N-acetyiglucosamine 1-carboxyvinyltransterase. in particular
embodiments, the UDP-N-acetylgiucosamine 1-carboxyvinvitransterase is encoded by murA.

in certain embodiments, the protein associated with a biochemical pathway and/or cellular
orocess is a ribosomal protein. In some embodiments, the ribosomal protein is a 505 ribosomal
protein L28. In certain embodiments, the 505 ribosomal protein L28 is encoded by romB. In some
embodiments, the ribosomal protein is a 305 ribosomat protein. In some embodiments, the 305
ribosomal protein is encoded by rpsh.

In some embodiments, the protein associated with a biochemical pathway and/or cellular
process is a ribosomal RNA {rRNA). In particular embodiments, rRNA is selected from a 165 rRNA and

a 235 rENA.
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In certain embodiments, the protein associated with a biochemical pathwayv and/or cellular
process is a cell division protein. in particuiar embodiments, the cell division protein is a protein that
assembiles into a ring at the future site of the septum of bacterial call division. In some
embodiments, the protein that assembies into a ring at the future site of the septum of bacterial call
division Is encoded by ftsZ.

In certain embodiments, the protein associated with a biochemical pathway and/or cellular
process is a DNA or chromosomal replication protein. In some embodiments, DNA or chromosomal
replication protein is a topoisomerase. In specific embodiments, the topoisomerase 1S encoded by
gyrA. In some embodiments, DNA or chiromosomal replication protein is a helicase. in some
embodiments, the helicase is encoded by dnaB. in some embodiments, DNA or chromosomal
replication protein is a DNA polymerase. in some embodiments, the DNA polymerase is encoded by
poif.

In specific embodiments, the targeting sequence is set forth in SEQ D NOS:4-20, comprises 3
fragment of at least 10 contiguous nucieotides of SEQ D NOS: 4-20, or comprises a variant having at
least 80% sequence identity to SEQ 1D NOS: 4-20, where thymine bases (T} are optionally uracil bases
(U).

Also included are pharmaceutical compositions, comprising a pharmaceutically acceptable
carrier and an antisense oligomer described herein. Some pharmaceutical compositions further
comprising an antimicrobial agent as described herein. Hiustrative examples of antimicrobial agents
include tobramycin, meropenem, and colistin, and combinations thereof.

Some embodiments include methods of reducing expression and activity of a protein
associated with a biochemical pathway and/or cellular process in a bacterium, comprising confacting
the bacterium with an antisense oligomer and/or a pharmaceutical composition described herein.

in certain empodiments, the bacterium is in a subject, and the method comprises
administering the antisense oligomer 1o the subject. In some empodiments, the bacterium is
sefacted from the genera Kiebsiella, Pseudomonas, Acinetobacter, and Escherichia. In particular
embodiments, the bacterium is an antibiotic-resistant strain of Klepsiella, Pseudomonas,
Acinetobacter, or Escherichio. In some embodiments, the bacterium is a multi-drug resistant {MDR]}
strain of Kiebsiella, Pseudomonas, Acinetobacter, or Escherichia. In speciiic embodiments, the
bacterium is Kiebsielia pneumonia, Pseugdomonas aeruginosa, Acinetobacter baumannii, or
Escherichia coll.

Some methods comprise administering the clisomer separately or concurrentiy with an
antimicrobial agent, optionally where administration of the oligomer increases susceptibility of the

bacterium o the antimicrobial agent.



CA 03009342 2018-06-20

WO 2017/112888 PCT/US2016/068376

in certain embodiments, the antimicrobial agent is selected from one or more of a B-lactam
antibiotic, an aminogiveoside antibiotic, and a polymyxin.

In some embodiments, the B-lactam antibiotic is selected from at least one of carbapenems,
peniciiiin derivatives {penams), cephalosporins {cephems), and monobactams.

in particular embodiments, the carbapenem is selected from one or more of mergpenem,
imipenem, ertapenem, doripenem, panipenem, biapenem, razupenem, tebipenem, {enapanem, and
tomopenem. in specific embodiments, the carbapenem is meropanem.

in certain embodiments, the aminoglycoside antibiotic s selected from one or more of
tobramycin, gentamicin, kanamycin a, amikacin, dibekacin, sisomicin, netidmicin, neomvycin B,
neomycin C, neomycin E {paromomycing, and streptomycin. In specific embodiments, the
aminoglycoside antibiotic is tobramycin.

in certain embodiments, the polvmyxin is selected from one or more of colistin {polymyxin
), polysporin, neosporin, or polymyxin B. In specific embodiments, the polvimvxin is colistin.

in some embodiments, the B-lactam antibiotic is selected from at least one of meropenem,
imipenem, ertapenem, doripenem, panipenem, biapenem, razupenem, tebipenem, {enapenem,
tomopenesm, cephalosporins {cephems), penicillin, penicillin derivatives {(penams) and ampiciilin.

In cartain embodiments, the aminoglycoside antibiotic is selected from at least one of
tobramyvein, gentamicin, kanamycin a, amikacin, dibekacin, sisomicin, naetilmicin, neomycin B,
neomycin C, neomycin E {paromomycing, and streptomycin.

in some embodiments, the tetracycline antibiotic is selected from at least one of
tetracycline, chiortetracycline, oxytetracycline, demeciocycline, ivimecycline, meciooycline,
methacycline, minocycline, rolitetracycling, and doxycyiine.

in particular embodiments, the B-lactam antibiotic is selected from at least one of
carbbapenems, penicitlin derivatives {penams}, cephalosporins {cephems), and monocbactams.

in some embodiments, the olisomer reduces the minimum inhibitory concentration {(MIC) of
the antimicrobial agent against the bacterium by at least about 10% relative to the antimicrobial
agent alone.

in some embodiments, the cligomer increases the susceptibility of the bacterium to the
antimicrobial agent by at least about 10% relative to the antimicrobial agent alone.

in certain embodiments, the combination of oligomer and the antimicrobial agent
synergistically increases the susceptibility of the bacterium to the antibiotic relative to the oligomer
and/or the microbial agent alone.

in certain embodiments, the antimicrobial agent and the antisense oligzomer are

administered separately. In various embodiments, the antimicrobial agent and the antisense
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cligomer are administeregd sequentially. In some embodiments, the antimicrobial agent and the

antisense oligomer are agdministered concurrentiy.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1A shows an exemplary morphoiino oligomer structure with a phosphorodiamidate
linkage. Figures 1B-E show the repeating subunit segment of exemplary morpholing gligomers,
designated B throughn E. Figures 1F-H show exemplary peptide PMO conjugates structures used in
the exemplary PPMQOs.

Figure 2 shows a minimal inhibitory concentration (MIC) heatmap of PPMQOs targeted
against essential genes from Klepsielia pneumoniae.

Figure 3 shows a MIC heatmap of PPMOs targeted against ribosomal RNA from Kiebpsrello

pneumoniae, Pseudomonas geruginosda, and Acinetopacter baumannii,

DETAILED DESCRIPTION

. Definitions

Unless defined otherwise, all technical and scientific terms used nerein have the same
meaning as commonly understood by those of ordinary skill in the art, Although any methods and
materials similar or equivalent to those described hersin can be used in the practice or testing of the
oresent disclosure, preferred methods and materials are described. For the purposes of the present
disclosure, the folliowing terms are defined below.

The articles “a” and “an” are used herein to refer to one or to more than one {i.e., to at least
one} of the grammatical object of the article. By way of example, “an element” means one element
or more than one element.

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

By “coding sequence” is meant any nucieic acid seguence that contributes 1o the code for
the polypeptide product of a gene. By contrast, the term “non-coding sequence’ refers 1o any
nucieic acid sequence that does not directly contribute to the code for the polvpeptide product of a
gene.

Throughout this specification, uniess the context requires otherwise, the words “comprise,”

“comprises,” and “comprising” will be understood 1o imply the inclusion of a stated step or element
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or group 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 iimited to, whatever toliows 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 for the listed elements. Thus, the
phrase “consisting essentiaily of” indicates that the listed elements are reguired or mandatory, but
that other elements are optional and may or may not be present depending upon whether or not
they materially affect the activity or action of the listed slements.

i:‘;‘ £f
7

As used herein, the terms “contacting a cell”, “introducing” or “delivering” inciude delivery
of the olisomers described herein into a cell by methods routine in the art, e.g., transfection {e.g.,
inosome, calcium-phosphate, polyethvieneimine), electroporation {e.g., nucleofection),
micrainiection), transformation, and administration.

The terms “cell penetrating peptide” {CPP} or “a peptide moiety 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 capabiiity of inducing cell penetration within about or at least about 30%, 40%,
5%, 60%, 70%, 80%, 90%, or 100% of celis of a given population and/or aliow macromolecular
transiocation to or within multiple tissues in vivo upon systemic administration. Particular 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 and International Patent Application Publication Nos.
WO 20047097017, WO 2008/005793, and W0 2012/150960, all of which are incorporated by
reference in their entirety.

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

“Homology” refers to the percentage number of amino acids that are identical or constitute

conservative substitutions. Homology may be determined using sequence comparison programs

such as GAP {Deveraux et al,, 1984, Nucleic Acids Research 12, 387-395) or BLAST. In this way
sequences of a similar or substantially ditferent length to those cited herein could be compared by
insertion of gaps into the alignment, such gaps being determined, for example, by the comparison
aigorithim used by GAP.

By “Isolated” is meant material that is substantially or essentially free tfrom components that

normally accompany it in its native state. For exampie, an “isciated polvnucleotide” or “isolated
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cligomer,” as used herein, may refer 1o a polvnucieotide that has been purified or removed from the
sequences that flank it in a naturally-occurring state, e.g., a DNA fragment that is removed trom the
sequences that are adjacent to the fragment in the genome. The term “isolating” as it relates to cells
refers to the purification of cells {e.g., fibroblasts, lvmphoblasts) from a source subject {e.g., a
subject with a polynucleotide repeat diseasea}. In the context of mRNA or protein, "isolating” refers
to the recovery of mRNA or protein from a source, e.g., cells.

The term “modulate” includes to “increase” or “decrease” one or more quantitiable
parameters, optionally by a defined and/or statistically significant amount. By “increase” or

72 i

“increasing,” “enhance” or “enhancing,” or “stimuiate” or “stimulating,” refers generally to the
ability of one or antisense compounds or compositions to produce or cause a greater physiological
response (e, downstream effects) in a cell or a subject relative to the response caused by either no
antisense compound or a control compound. Relevant physiclogical or cellular responses {in vivo or
in vitro} will be apparent to persons skilled in the art. An “increased” or "enhanced” amount is
typically 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
chysictogical or celiular response, such as a symptom of a disease or condition described herein, as
measured according 1o routine techniques in the diagnostic art. Relevant physiological 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
inciude a 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 119%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 85%, or 100%
decrease, including all integers and ranges in between.

As used herein, an “antisense oligomer,” “oligomer,” or “cligomer” refers to a linear
sequence of nucleotides, or nucleotide analogs, which aliows the nucienbase to hybridize to a target
sequence in an RNA by Watson-Crick base pairing, to form an oligomer:RNA heterodupiex within the

ge 4

target sequence. The terms "antisense oligomer,” "antisense oligomer,” “oligomer,” and
“compound” may be used interchangeably to refer to an oligomer. The cyclic subunits may be based
on ribose or another pentose sugar or, in certain embodiments, a morpholino group {see description

of morpholino oligomers below).
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The term “oligomer,” “oligomer,” or “antisense gligomer” also encompasses an osligomer
having one or more additional moieties conjugated to the cligomer, e.g., atits 3'- or 5"-end, such as
a polyethylene glycol moiety or other hydropnilic polymer, e.g., one having 10-100 monomeric
subunits, which may be useful in enhancing solubiiity, or a moiety such as a ipid or peptide moiety
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 polynucieotide.

A “nuclease-resistant” oligomers refers 1o one whose backbone is substantially resistant to
nuciease cieavage, in non-hybridized or hybridized form; by common extraceliular and intraceliular
nucleases in the body or in a bacterial cell {for example, by exonucleases such as 3" -exonucleases,
endonucieasss, RNase Hi; that is, the oligomer shows little or no nuclease cleavage under normal
nuciease conditions to which the oligomer is exposed. A “nuclease-resistant heterodupiex” refers to
a heterodupiex formed by the binding of an antisense oligomer to its complementary target, such
that the heteroduplex is substantially resistant to in vivo degradation by intraceliular and
extracellular nucleases, which are capable of cutting double-stranded RNA/RNA or RNA/DNA
complexes. A “heterodupiex” refers to a duplex between an antisense oligomer and the
complementary portion of a target RNA.

As used herein, “nuclechase” {(Nu), “base pairing moiety” or “base” are used
interchangeably to refer to a purine or pyrimidine base found in native DNA or BRNA {uracil, thymine,
adening, cvtosing, 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 nucleoside inosing); 2, 6-diaminopurine;
S5-methyl cytosine: Ch-propynyi-modifed pyrimidines; S-{aminoethoxylphenoxazine {G-clamp) and
the like.

A nucleocbase covalently linked to a ribose, sugar analog or morphoiing comprisas a
nucieoside. "Nucleotides” are composed of a nucleoside together with one phosphate group. The
shosphate groups covalently Hink adjacent nuclectides to one another to form an oligomer.

An oligomer “specifically hybridizes” to a target sequence it the oligomer hybridizes to the
target under physiological conditions, with a Tm substantially greater than 40°C or 45°C, preferabily
at feast 50°C, and typically 60°C-80°C or higher. Such hvbridization preferably corresponds o
stringent hybridization conditions. At a given ionic strength and pH, the Tm is the temperature at
which 50% of a target seguence hybridizes to a complementary poivnucleotide. Such hybridization

EH

may occur with “near” or “substantial” complementarity of the antisense oligomer to the target

sequence, as well as with exact compiementarity.
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As used herein, "sufficient length” includes an antisense oligomer that 1s complementary to
at least about §, more typically about 8-10, 8-11, 8-17, 8-13, 8-14, 8-15, 8-16, §-17, 8-1§, 8-19, 8-70,
8-30, 8-44, 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
Lincluding all integers and ranges in between) contiguous or non-contiguous nuclesbases in a region
of a bacterial mBNA target sequence or a bacterial rRNA target seguence. An antisense oligomer of
sutficient length has at least a minimal number of nucleotides 1o be capable of specitically
nvbridizing to a region of the bacterial mRNA or rRNA target. Preterably an oligomer of sufficient
length is from 8 to 30 nucleotides in length, for example, about 10-20 nucieotides in tength.

The terms “sequence identity” or, tor example, comprising a “sequence 50% identical to,” as
used herein, refer to the extent that sequences are identical on a nuclisotide-by-nucleotide basis or
an amino acid-py-amino acid basis over a window of comparison. Thus, a "percentage of segusnce
identity” may be calculated by comparing two optimally aligned sequences over the window of
comparison, determining the number of positions at which the identical nucleic acid base {e.g., A, T,
C, G, I} or the identical amino acid residue (e.g., Ala, Pro, Ser, Thr, Gly, Val, Leu, lle, Phe, Tyr, Trp, Lys,
Arg, His, Asp, Glu, Asn, Gin, Cys and Met) occurs in both sequences to vield the number of matched
positions, dividing the number of matched positions by the total number of positions in the window
of comparison {i.e., the window size), and multiplying the resuit by 100 to yvield the percentage of
sequence identity. Optimal alignment of sequences for aligning a comparison window may be
conducted by computerized implementations of algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
Wisconsin Genetics Software 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 aiso may e made to the BLAST family of programs as for example disclosed by Altschul et
al., Nucl. Acidds Res. 25:3389, 18997

A “subject” or a “subject in need thereoft” includes a mammalian subject such as a3 human
suizject.

The terms “TEG,” “EG3,” or “triethviene givcol tal” refer to triethylene glycol moisties
conjugated to the cligomer, e.g., at its 3’- or 5 -end. For example, in some embodiments, “TEGQ”

includes, for example, wherein T of the compound of formula (), (I}, or {Ill} is of the formula:
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The term “"pip-PDA” reters to a 5 terminal piperazine-phosphorodiamidate moiety that
connects a G groun, where the G group comprises a cell-penetrating peptide {CPP) and linker moiety
further discussed below, to the Yend of the oligomer by way of an amide bond between the G group

Hinker and the piperazinyl nitrogen. For exampie, in some embodiments, "pip-PDA” includes wherein

T of the compound of formula {1} or {1i} is of the formula:
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The term "target sequence” refers to a portion of the target RNA, tor example, a bacterial
MRNA or rRNA, against which the antisense oligomer is directed, that is, the seguence to which the
oligomer will hvbridize by Watson-Crick base pairing of a complamentary sequence. in certain
embodiments, the target sequencs may be a contiguous region of the transiation initiation region of
a bacterial mRNA or a ribosomal RNA,

The term “targeting seguence” or “antisense targeting ssquence” refers to the sequence in
an oligomer that is complementary or substantially complementary to the target sequence in the
RNA, &.g., the bacterial mRNA, the bacterial rRNA. The entire sequence, or only a portion, of the
antisense compound may be compiementary to the target sequencs. For exampie, in an oligomer of
about 10-30 bases, about 6,7, 8,9, 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 seguences that are compiementary to the target region.
Typicaily, the targeting sequence is formed of contiguous bases, but may alternatively e formed of
non-contiguous sequences that when placed together, e.g., from opposite ends of the oligomer,

constituie sequence that spans the target sequence.
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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.” Preferably, the oligomer analog compounds emploved in the present disclosure
have at most one mismatch with the target seguence out of 10 nucieotides, and preterably at most
one mismatch out of 20, Alternatively, the antisense oligomers emploved nave at least 80%
sequence homology, and preterably at least 95% sequence homology, with the exemplary targeting
sequences as designated hereain.

As used herein, the term "guantifving”, "quantification” or other related words refer 1o
determining the guantity, mass, or concentration in a unit volume, of a nucieic acid, polynucieotide,
olipomer, peptide, polvpeptide, or protein.

As used herein, "reatment” of a subject {e.g. a mammal, such as a 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 Hmited to, administration of a pharmaceuytical composition, and may
be performed either prophvlactically or subseguent to the nitiation of a pathologic event or contact
with an eticlogic agent. Also included are “prophylactic” treatments, which can be dgirected o
reducing the rate of progression of the disease or condition being treated, delaying the onset of that
disease or condition, or reducing the severity of its onset. "Treatment” or "prophylaxis” does not
necessarily indicate complete eradication, cure, or prevention of the disease or condition, or

associated symptoms thereot.

13 Bacterial Targeting Segquences

Certain embpodiments relate to antisense oligomers, and related compositions and methods,
which are of sufficient length and complementarity to specifically hybridize 1o a bacterial mRNA
target sequence that encodes a gene in a biochemical pathway and/or celiular process, or a
ribosomal RNA target sequence. General exampies include: mureain biosynthesis, cell division, global
gene regulatory mechanisms, fatty acid biosynthesis, ribosomal proteins, ribosomal RNA {(rRNA},
DNA/chromaosomal replication, transcription, translation initiation, lipopolysaccharide biosynthesis,
nucieic acid biosynthesis, intermediary metabolism, RNA biosynthesis, protein biosynthesis,
peptidogivcan biosynthesis, cellular energy homeostasis, aromatic compound biosynthesis, and
antibiolic resistance. Particular examples of genes in biochemical pathways and cellular processes
include: ros/ and romB {ribosomal proteins); foxC, waal, waaG, waoA, waofF, {oxA, and IpxB
Hipopolysaccharide biosvnthesis), murA {formerly known as murZy, mra¥, murC, murB, murf, murf,
and murG {peptidoglycan biosynthesis); fabG, acpP, accA, fobB, aceB, and faob7 (fatty acid

biosynthesis): adk (cellular energy homeostasis}; infA (transcription antitermination and/or protein
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synthesis); fts {cell division); rpoD (RNA synthesis); aroC {aromatic compound biosynthesis); gyrA,
dnaB, pol B {chromosomal and DNA replication). Examples of antibiotic resistance genes include
biaT, o, and gded. In some embodiments, the rRNA target sequence or mRNA target sequence
that encodes the gene is from Klebsiefia, e.q., Kiebsiella pneumonice. In some embodiments, the
rRNA target sequence or the mRNA target seguence that encodes the gene is from Pseudomaonas,
e.g., Pseudomonas aeruginosa. In some embodiments, the rRNA target sequence or the mRNA
target sequence that encodes the gene 18 from Acinetobacter, e.g., Acinetopacter baumanaii. In
some empodiments, the rRNA target sequence or the mRNA target sequence that encodes the gene
s trom Escnerichia, eg., E. coli.

in some embodiments, the pacterial target 1S a gene or protein that is associated with
piosynthesis of fatty acids. General exampiles of proteins associated with fatty acid biosynthesis
inciude: acyl carrier protein {ACP}, such as AcpP, that plays an essential role in stabilizing and
shuttling the intermediate fatty acid chain to each of the enzvimes in the fatty acid synthase
complex; acyl carrier protein synthase {AcnS), an enzvme that transfers the 4’ -phosphopantetheine
prosthetic group to apo-ACP to form the functional holo-ACP; acetyl-CoA carboxylase, an enzvime
composed of four proteins that catalyzes the conversion of acetvl-CoA to malonvi-CoA in the first
committed step of fatty acid biosynthesis: AccA {carboxvitransferase aipha subunit catalyzing the
transfer of the carboxyl group from biotin to acetvi-CoA to form malonyl-CoA), AccB {(hiotin carboxyi
carrier protein, BCCP, carrying the biotin prosthetic group covalentily attached to a lysine residue
proximal to the carboxyl terminus), AccC {biotin carboxviase catalyzing the carboxviation of protein
bound biotin with bicarbonate), Acch {carboxyitransferase peta subunit catalvzing the transfer of the
carbxoxyl group from biotin to acetyl-CoA to form malonyl-CoA); fatty acid biosynthesis (Fab)
enzymes, such as FabA, FabB, Fabl, FabF, FabD, FabH, FabG and Fab/Z, that each catalyze either
elongation or tailoring steps on the growing fatty acid chain. Particular exampies of genes associated
with fatty acid biosynthesis include gcpP, the carboxyvitransferase alpha subunit gccd, and the acyi
carrier protein synthase fabB.

Specific embodiment theretore relate to antisense oligomers, and related compositions and
methods, which are of sufficient iength and complementarity to specifically hybridize to an mRNA
target sequence of a bacterial gcpP gene, which encodes an acyl carrier protein {ACP). in some
embodiments, the gcpP gene is from Klepsielfa, e.q., Klebsiello pneumonice. In some embodiments,
the acpf gene s from Pseudomonas, e.q., Pseudomonas geruginosa. In some embodiments, the
acpP gene is from Acinetobacter, e.g., Acinetobacter baumannii. in some embodiments, the gcpP

gene is from Escherichia, e.g., £. ¢oli.
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Certain embodiment relate to antisense gligomers, and related compositions and methods,
which are of sutficient length and complementarity to specitically hybrigize to an mRNA target
sequence of a bacterial fabB gene. In some embodiments, the fgblB gene is trom Kiepsiella, e.q.,
Kiebsiella pneumonige. in some embodiments, the fgo8 gene is trom Pseudomonas, e.q.,
Pseudomonas geruginosa. in some embodiments, the fgbB gene is tfrom Acinetobacter, e.g.,
Acinetobacter boumannii. In some embodiments, the fabB gene is from Escherichia, e.g., E. coil.

The hacterial cell wall pepltidoglycan is an essential cellular component involved in the
maintenance of shape and protection from osmotic shock lysis. Typically, peptidoglycan is assembiled
from a basic building block composed of N-acetviglucosamine {GleNAc) and N-acetyimuramic acid
with an attached pentapeptide. In some embodiments, the bacterial target is a gene or protein that
1S associated with peptidogiyvean biosvnthesis. A particular example of a gene associated with
peptidogivcan biosynthesis include murd {(formerly known as murZ}, which encodes a UDP-N-
acetylglucosamine 1-carboxyvinyltransterase, which catalyzes the first committed step of
peptidogiycan biosynthesis. The enzyme catalyzes the transter of enclpyruvate from
phosphoenocipyruvate to the 3-0OH of UDP-N-acetyiglucosamine. in somes embodiments, the murA
gene is from Kieosiella, e.q., Kiebsielia pneumonige. In some embodiments, the murd gens is from
Psevudomonas, €.q., Pseudomonas aeruginosd. In some embodiments, the murA gene s from
Acinetobacter, e.g., Acinetobacter boumanii. In some embodiments, the murA gens is from
Escherichia, e.g., £. coll.

The ribosome is crucial for transiation of mMRNA molecules into proteins. In some
embodiments, the bacterial target is a gene or protein that is associated with ribosomal proteins. A
particuiar exampie of a gene associated with ribosomal proteins is rom#B, a 505 ribosomal protein
L28 essential for ribosome assembily and transiation. Another exampie of a gene associated with
ribosomal proteins is rps/, a 305 ribosomal protein. In some embodiments, the romB or rpsj gene is
trom Kiebsiella, e.q., Kiebsiella pneumornioe. In some embodiments, the romB or rpss gene is from
Pseudomonas, e.qg., Pseudomonas geruginosa. In some embodiments, the romB or rps/ gene is from
Acinetobacter, e.q., Acinetohacter baumanii. In some embodiments, the romB or rpsi gene is from
Escherichia, e.g., E. coli.

in some embodiments, the bacterial target is a ribosomal RNA {(rRNA}. Examples of rRNA
inciude 58, 165, and 235 rRNA. In some embodiments, the rRNA (e.g., 55, 165, 235} is from Klebsiella,
e.q., Kiebsiello pneumonice. In some embodiments, the rRNA {e.g., 55, 16§, 238} is from
Pseudomonas, e.q., Pseudomonas geruginosa. in some embodiments, the rRNA {e.g., 55, 165, 23S} is

from Acinetobacter, e.q., Acinetobacter boumanii. In some embodiments, the rRNA {e.g., 5§, 16§,

2353 is from Escherichia, e.g., E. coli.
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In some embodiments, the bacterial target is a gene or protein that is associated with
cellular energy homeostasis. A particular example of a gene associated with celiular energy
homeostasis includes an adenviate kinase {adk) gene, which encodes a phosphotransterase enzyme
that catalyzes the interconversion of adenine nucieotides.

In some embodiments, the bacterial target is a gene or protein that is associated with
transcription antitermination and/or protein biosynthesis. A particular example of a gene associated
with transcription antitermination and/or protein biosynthesis includes translation initiation factor
IFL. IF1, encoded by infA, is a protein containing an S1-hike domain that may play a role in binding
and melting nucleic acid secondary structure and transcription antitermination. Other tunctions may
also include increasing the rate of 708 ribosome dissociation and subunit association and
involvement in the fidelity of transiation initiation through stimulation of other transiation initiation
factor activities, such as {F2 and iF3.

In some embodiments, the bacterial target is a gene or protein that is associated with cell
division. A particular example of 3 gene assoctated with cell division includes a fisZ gene, which
encodes a protein that assembies into a ring at the future site of the septum of bacterial call division.
This is a prokaryotic homoiogue to the eukaryotic protein tubulin. in some embodiments, the fisZ
gene is from Klebsiella, e.g., Kiebsielia pneumoniae. In some embodiments, the fiss gene is from
Pseudomonas, e.qg., Pseudomonas aeruginosa. in some embodiments, the fis/ gene is from
Acinetobacter, e.q., Acinetobacter baumanii. In some embpodiments, the fisZ gene is from
Escherichia, e.g., E. coli.

in some empodiments, the bacterial target is a gene or protein that is associated with DNA
or chromosomal replication. One exampie of a gene associated with BNA or chromosomai
replication is gyrA, which encodes a topoisomerase. Another example of a gene associated with DNA
or chromosomal replication is dnaB, which encodes a helicase. Another exampie of a gene
associated with DNA or chromosomal replication is pofB, which encodes a DNA polymerasea. In some
embodiments, the gvrAl or dnoB or poiB gene is from Kiebsielia, e.q., Kiebsiello pneumoniae. In some
embodiments, the gyrd or dnal or polB gene is from Pseudomonas, e.q., Pseudomonas geruginosa.
in some embodiments, the gvrd or dnaB or polB gene is from Acinetobacter, e.q., Acinetobacter
poumanii. in some embodiments, the gvrd or dnoB or poiB gene is from Escherichia, e.g., E. coli.

in some embodiments, the bacterial target is a gene or protein that is associated with
Hpopolysaccharide biosynthesis, One exampie of a gene associated with lipopolysaccharide
biosynthesis is ipxC, which encodes an N-acetvigiucosamine deacetviase. In some embodiments, the

foxC, gene is from Kiebsiella, e.q., Kiebsielia pneumoniae. In some embodiments, the foxCgene is

from Pseudomonas, e.q., Pseudomonas aeruginosa. in some embodiments, the (pxC gene is from
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Acinetopacter, e.q., Acinetobacter baurmanil. In some embodiments, the /ipxC gene is from
Escherichia, e.g., E. coli.

In some embodiments, the bacterial target is a gene or protein that is associated with RNA
synithesis. A particular exarmple of a gene associated with RNA synthesis includes an rpol gene,
which encodes a sigma D {sigma 70) factor of RNA polymerase that allows binding of the polymerase
to gene promoters and s important for transcribing most genes in growing cells. Genes recognized
by this sigma factor have promoter consensus seguences centered at 10 and 35 nucieotides before
the start of transcription. In some embodiments, the rpod gene is from Klebsiefla, e.q., Klebsielia
prieumoniae. In some embodiments, the rpol? gene is tfrom Pseudomonas, e.g., FPseudomonas
geruginosa. in some embpodiments, the rpod gene (s from Acinetobacter, e.q., Acinetopacter
baumanii. in some embodiments, the rpol gene is from Escherichia, e.g., E. coli.

The biosynthesis of aromatic compounds is important for the growth and survival of
pacterial celis. The shikimate pathway is a biosynthetic route in microorganisms that lead to the
synthesis of chorismic acid, a central precursor for other aromatic compounds. In some
embodiments, the bacterial target is a gene or protein that is associated with aromatic compound
biosynthesis. A particular example of a gene associated with aromatic compound biosynthesis
inciudes an aroC gene, which encodes chorismate synthase {5-enoclpyruvyishikimate-3-phosphate
nhospholvase}, the final enzyme in the shikimate pathway that catalyzes the conversion of 5-
enoipyruvyishikimate-3-phosphate to chorismic acid.

in some embodiments, the gene or protein is associated with resistance of the bacteria to at
least one antimicrobial agent, i.e., an antibiotic resistance gene. General examples of antibiotic
resistance genes include beta-iactamases, which can enzyvmatically deactivate certain antimicrobial
agents, and proteins that increase the permeability or active efflux {pumping-out} of an
antimicrobial agent. Particular examples of antibiotic resistance genes include TEM beta-lactamase
{biaT), chioramphenicol resistance gene {(cmf}, and resistance-nodulation-cell division {(RNDj}-type
multidrug efflux pump subunit AdeA (adeAd).

in certain embodiments, the target sequence contains all or a portion {e.g., 1 or 2
nucleotides) of a translational start codon of the bacterial mRNA. In some embodiments, the target
sequence contains a sequence thatis about orwithinabout 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 downstream of a
transiational start codon of the bacterial mRNA target sequence, including common and alternative
start codons {e.g., AUG, GUG, UUG, AUU, CUG). For example, in particular embodiments, the 5 -end
of the target sequence is the adenine, uracil, or guanine nucleotide {respectively) in an AUG start

codon of the bacterial mRNA. In some embodiments, the 5 -end of the target sequence is the
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guanine, uracil, or guanine nucleotide {respectively} in a GUG start codon of the bacterial mRNA. In
some empodiments, the 5 -end of the target sequence is the uract, uracil, or guanine nucieotide
(respectively} in a UUG start codon of the bacterial mRNA. In some embodiments, the 5'-end or 3-
end of the target seguence begins atresidue 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 downstream of the last {third) nucleotide of a
transiational start codon of the bactenal MRNA. In some embodiments, the 5 -end or 3-end of the
target sequence begins atresidue 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 nucleotide of a transiational start codon of
the bacterial mRNA,

Thus, in certain embodiments, antisense targeting sequences are designed to hybridize to a
region of one or more of the targset genes described herein. Selected antisense targeting sequUences
can be made shorter, e.g., about §, 9, 10, 11, 12, 13, 14, or 15 bases, or longer, e.g., about 20, 30, or
40 pases, and include a small number of mismatches, as long as the sequence is sufficiently
complementary to reduce transcription or transiation upon hybridization to the target sequence,
and optionatly forms with the RNA 3 heterodupiex having a Tm of 45°C or greater.

in certain embodiments, the degree of complementarity between the target sequence and
antisense targeting sequence is sufficient to form a stable duplex. The region of complementarity of
the antisense oligomers with the target RNA sequence may be as short as 8-9 bases, 8-10 bases, 8-
11 bases, 8-12 bases, 16-11 bases, 10-12 bases, but can be 12-15 bases or more, e.g., 10-40 bases,
12-30 bases, 12-25 bases, 15-25 bases, 12-20 bases, or 15-20 bases, including all integers in petween
these ranges. An antisense oligomer of about 10-15 bases is generaily tong enocugh to have a unique
complementary seguence. in certain embodiments, a minimum iength of complementary bases may
be required to achieve the reguisite binding Tm, as discussed herein.

in certain empodiments, oligomers as tong as 40 pases may be suitaile, where at least a
minimum number of bases, e.g., 10-12 bases, are compiementary to the target sequence. In general,
however, facilitated or active uptake in cells is optimized at oligomer lengths 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 leastabout 6, 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 contiguous or non-contiguous bases are
complementary to a target gene described herein.

in certain embodiments, antisense oligomers may be 100% complementary to the target
sequence, or may mnclude mismatches, e.g., to accommodate variants, as iong as a heteroduplex

formed between the oligomer and target sequence s sufficiently stable to withstand the action of
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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 least about 70% seguence
complementarity, e.g., 70%, 71%, 73%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 82%, 93%, 34%, 95%, 96%, 7%, 9&8%, 99% or 100%
sequence complementarity, between the oligomer and the target sequence. Oligomer backbones
that are less susceptible to cleavage by nucieases are discussed herein. Mismatches, it present, are
tvpically less destabilizing toward the end regions of the hybrid duplex than in the middle. The
numbper of mismatches 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. Althougn such an antisense oligomer is not necessarily
100% complementary to the target seqguence, it is effective to stably and specifically bind to the
target sequence, tor example, such that transiation of the target RNA is reduced.

The stability of the duplex formed peatween an oligomer and a target sequence is a tunction
of the binding Tm and the susceptibility of the duplex to cellular enzymatic cleavage. The Tm of an
oligomer with respect to complamentary-seguence RNA may be measurad by conventional
methods, such as those described by Hames et al., Nucleic Acid Hybridization, {RL Press, 1985, pp.
107-108 or as described in Mivada C. G, and Wallace R. B., 1987, Oligomer Hybridization Technigues,
Methods Enzvmol. Vol. 154 pp. 94-107. in certain embodiments, antisense gligomers may have 3
pinding Tm, with respect to a complementary-sequence RNA, of greater than body temperature and
preferably greater than about 45°C or 50°C. Tm's in the range 680-80°C. or greater are aiso included.
According to well-known principles, the Tm of an cligomer, with respect to a complementary-based
RNA 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 cligomer.

Tables 1A-B below show exemplary targeting sequencsas {in a 5'-t0-3” orientation} of the

antisense oligomers described herein.

__Table 1A: Exemplary Fatty Acid Biosynthesis-Associated Targeting Sequences
' Target Gene g Targeting Sequence {T5)F SEC D NQO:

acpP CTC ATA CCT TG 1
___________________________ acpP | TGCTICATACTC | 2
] fabd o CGTTTICATTAA L 3

Table 1B: Exemplary targeting sequences associated with other biochemical
nathways and/or cellular processes

Target Gene Targeting Seguence {15} SEQ 1D NO:
mwA 1 TTATCCATTG |4
s GCATIVGACCT | 5
rpmB GTC TAT TCT €C 5 "
—fPmS | GACATGTCTAT I L
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____________________________ psi 4 TGGTICTGCAT 4 8
e fSZ o AGTTICTCTCC e S
____________________________ fisZ L GTICAAACATA 110

oyrA CGC TCA TCT AA i1

dnaB TTC CTG CCATA 12
e MC b TITGATCATCG 13
o 23SWRNA AGTGCTCTACC | 4

235 rRNA GCC a1 TAT CC G !
. 1BSYRNA | CCATGCAGCAC o 6
e 6SYRNA TIGCGCTCGTT o 7
IBSYRNA GGCTGCTGGCA o 8
o wpoD 4 TCATCTTIGCT | 19
____________________________ pol | AGTAACTCCAC | 20 |

Certain antisense oligomers thus comprise, consist, or consist essentially of a targeting
seguence in Tables 14-B {e.g., SEG 1D NOS: 1-20) or a variant or contiguous or non-contiguous
portion{s} thereof. For instance, certain antisense oligsomers comprise about or at least about 6, 7, 8§,
9,310, 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 of the targeting sequences in Tables 1A-B {e.g., SEQ ID NOS:1-20). For non-
contiguous portions, intervening nucleotides can be deleted or substituted with a different
nuclieotide, or intervening nuclectides can be added. Additional examupies of variants inciude
ocligomers having about or at ieast about 70% seguence identity or homology, e.g., 70%, 71%, 72%,
73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 889%, S(%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, 99% or 100% sequence identity or homology, over the
entire length of any of the targeting sequences in Tables 1A-B {e.g., SEQ ID NOS: 1-20].

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

technigues in the art {see, 2.g., the Examples).

jii. Antisense Oligomer Compounds

The antisense cligomers typically comprises a base seguence of sufticient length and
complementarity to specifically hybridize 1o a bacterial mRNA target sequence that encodes a
protein associated with a biochemical pathway and/or cellular process and thereby reduce
expression {e.g., translation) of the protein, or a ribosomal RNA target sequence and thereby inhibit
its interaction with other macromolecules. 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 stabie
duplex {or heteroduplex) with the target mENA or target rRNA, optionally with a Tm greater than
about 40°C or 45°C.

A. Antisense Oligomer Chemical Features
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in certain embodiments, the backbone of the antisense gligomer 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 teatures of the backbone, including the length and degree of complementarity of the
antisense oligomer with respect to the target, the ratio of G:C to AT base matches, and the positions
of any mismatched bases. The ability of the antisense gligomer to resist celiular nucleases may
promote survival and ultimate delivery of the agent to the cell. Exemplary antisense oligomer
targeting sequences are listed in Tables 1A-B {supral.

in certain embodiments, the antisense oligomer is a morpholino-based oligomer, for
example, a phosphorodiamidate morpholino oligomer {PMO). Morpholino-based oligomers refer to
an oligomer comprising morpholino subunits supporting a nucieobase and, instead of a ribose,
contains a morpnoiine ring. Examplary internucieoside linkages includs, for exampie,
phosphoramidate or phosphorodiamidate internucieoside linkages joining the morpholine ring
nitrogen of one morpholino subunit to the 47 exocyclic carbon of an adjacent morpholino subunit.
Fach morpholino subunit comprises a puring or pyrimidine nucleobase effective to bind, by base-
specific hydrogen bonding, to a base in an oligomer.

Morpholino-based oligomers {including antisense oligomers) are detailed, for example, in
.S, Patent Nos. 5,688,685;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.
WO/2009/064471 and WQO/2012/043730 and Summerton et al. 1997, Antisense and Nucleic Acid
Drug Development, 7, 187-185, which are hereby incorporated by reference in their entirety.

Within the olizomer structure, the phosphate groups are commonly referred to as forming
the “internucleoside linkages” of the oligomer. The naturally occurring internucieoside linkage of
RNA and DNA is a 3" to 5" phosphodiaster linkage. A "phosphoramidate” group comprises
chosphorus having three attached oxvgen atoms and one attached nitrogen atom, while a
“ohosphorodiamidate” group comprises phosphorus having two attached oxygen atoms and two
attached nitrogen atoms. In the uncharged or the cationic internucieoside linkages of the
morgholino-based oligcomers described herein, one nitrogen is always pendant to the linkage chain.
The second nitrogen, in a phosphorodiamidate linkage, is typically the ring nitrogen in a morpholine
ring structure.

in particular embodiments, the morpholino subunits are joined by phosphorous-containing

intersubunit inkages in accordance with the structure:
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where Y= oxygen (O} or sulfur, nitrogen, or carbon; Z=oxvegen or sulfur, preferably oxygen;
Piis a purine or pyrimiding base-pairing moiety effective to bind, by base-specific hydrogen bonding,
to a base in a polvnucieotide, and Xis —NRR where R and R are the same or different and are either
H or alkyl. In particular embodiments, X s —NRR’, where K and R’ are the same or ditferent and are
either H or methyi.

Also included are antisense oligomer that comprise a sequence of nucleotides of the formula
in Figures 1A-1E. In Figure 1A, B is a purine or pyrimidine base-pairing moiety etfective to bind, by
base-specific hydrogen bonding, to a base in a polynucileotide. Y, or Y, may be oxygen, sulfur,
nitrogen, or carbon, preferably oxygen. The X moiety pendant from the phosphorus may be fluorineg,
an alkyl or substituted alkyl, an alkoxy or substituted alkoxy, a thioalkoxy or substituted thioalkoxy,
or unsubstituted, monosubstituted, or disubstituted nitrogen, incluging cyclic structures, such as
morpholines or piperidines. Alkyl, atkoxy and thioalkoxy include 1-6 carbon atoms. The Z moieties
may be sulfur or oxygen, and are preferably oxygen.

Accordingly, various embodiments of the disclosure include a substantiaily uncharged
antisense morpholino oligomer, composed of morpholing subunits and phosphorus-containing
intersubunit linkages joining a morpholinoe nitrogen of one subunit to a 5 -exocyclic carbon of an
adiacent subunit, and having {a) about 10-40 nucleotide bases, and {b} a targeting sequence of
sufficient length and complementarity to specifically hvbridize to a bacterial mRNA target seguence
that encodes a protein associated with a biochemical pathwavy and/or cellular process, or a
ribosomal RNA target sequence, as described herein. In some instances, the oligomer is conjugated
to a cell-penetrating peptide {CPP).

in various aspects, an antisense cligomer of the disclosure includes a compound of formuls

(1)
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Roj/ N L

N

ar a pharmaceutically acceptable salt thereof,

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

T is selected trom OH and a moiety of the formula:

RG

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

and R° is selected from OH, =---N(R?)CH2C(O}NH2, and a moiety of the formula:

S
- ,

WHere:
R