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COMPOSITIONS AND METHODS FOR ENHANCED PRODUCTION OF

ENDURACIDIN A GENETICALLY ENGINEERED STRAIN OF

STREPTOMYCES FUNGICIDICUS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the priority benefit of the earlier filing dates of U.S.

Provisional Patent Nos. 62/430,838, filed December 6 , 2016 and 62/479,087, filed

March 30, 2017, each of which is hereby incorporated herein by reference in its

entirety.

FIELD

This disclosure relates to antibiotic biosynthesis, in particular, to the

compositions and methods for enhanced production of enduracidin.

BACKGROUND

The global emergence of muitidrug-resistant bacterial infections has resulted

in enormous healthcare costs and has become a major threat to public health. To

stay ahead of the development of antibacterial drug resistances, there is a need to

identify new antibiotics as well as methods of producing such antibiotics in a more

cost-efficient manner.

SUMMARY

The present disclosure overcomes problems associated with limited

production of enduracidin (enramycin) in wild type strains of Streptomyces

fungicidicus, as well as production limits in industrial strains developed through

conventional radiation and chemical-mediated mutagenesis of the chromosome and

successive multiple rounds of selection of mutants for production of increased levels

of the desired enduracidin peptide antibiotics. Disclosed herein is the genetic

manipulation of regulatory genes orf24 and o 18 associated with the enduracidin

(enramycin) biosynthesis gene duster from Streptomyces fungicidicus to generate

recombinant vectors and strains producing greater yields of this peptide antibiotic.

Recombinant strains were constructed in both the wild-type producer, Streptomyces

fungicidicus B-5477 (ATCC 21013), and Streptomyces fungicidicus BM38-2 (ATCC

PTA-122342), which is derived from the wild-type strain and currently used for the



industrial production of enduracidin. in the wild-type organism, site-specific

integration of plasmid pXY152-endorf24, which drives the overexpression of a

second copy of orf24, generated the strain SfpXYI 52endorf24. The integration of

mutagenized fosmid pXYF24D3 into the wild-type chromosome replaced the native

orf18 with a disrupted copy of the gene and created the mutant SfpXYF24D3

Working in the commercial producer Streptomyces fungicidicus BM38-2 (ATCC PTA-

122342), integration of plasmid pXY152-endorf24 generated the recombinant strain

Streptomyces fungicidicus BM38-2.24/16. To create a BIV338-2 (ATCC PTA-1 22342 )-

derived strain lacking a functional orf18, plasmid pKS-T-orf18pfrd-AmR was

constructed to delete orf and its flanking regions, replacing this region with an

apramycin resistance marker and generating the recombinant strain Streptomyces

fungicidicus BM38-2.1 8pfrd~AmR The genetically manipulated strains were

demonstrated to produce yields of enduracidin ranging from 1.2 to 4.6-fold higher

than the respective parent strains. The elevated enduracidin yields from the

recombinant strains provide a more cost-effective production of enduracidin.

The foregoing and other features and advantages of the disclosure will

become more apparent from the following detailed description, which proceeds with

reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

F G, 1 provides the chemical structure of enduracidins A and B.

F!G, 2 is a map of the integrative expression plasmid pXY152-endorf24.

F G. 3 is a map of the gene deletion plasmid pXY300-orf1 8ifd.

F G. 4 is a map of the gene deletion plasmid pKS-T-orf18ifd.

F G, 5 is a map of the gene deletion plasmid pKS-T-orf18pfrd-AmR.

FIG. 6 is a map of the gene deletion plasmid pKS-orf18ifd-T-AmR(NS).

F G. 7 is a map of the integrative expression plasmid pXY152-endorf24-

camtsr.

F!G, 8 is a map of the integrative expression plasmid pXY152-endorf24-biatsr.

F G. 9 provides an alignment of streptomycin activator StrR protein (SEQ D

NO: 25) with Orf24 (SEQ D NO: 26).



F GS. 0A arid 0B are maps of the inserts of plasmids pKS-T-orfl 8pfrd-

AmR (a) and pXY300-orf 18ifd (b). In the construct pXY30-orf18ifd, the internal

sequence of orf1 8 fro nucleotide position 25795 through 28450 (GenBank

accession no. DQ403252) was deleted and replaced with a Pad restriction site

(TTAATTAA, FIG. 10B). The resulting in-frame deleted orf18 (GTGTTTAATTAATGA

(SEQ D NO: 27)) could be translated into a three amino acid peptide (VFN). In

general, any internal in-frame deletion over the length of o 18 should result in a

nulled function of Orf18 due to its incompleteness.

F!G, Alignment of Orf24 with si functionally characterized StrR- e

pathway specific activator ortholog proteins from actinomycetes. Orf24

(GenBank accession no. DQ403252; SEQ D NO: 26) from S. fungicidicus

enduracidin biosynthetic gene duster; StrR (GenBank accession no. Y00459; SEQ

D NO: 25) from S. griseus streptomycin biosynthetic gene cluster; Tei15* (GenBank

accession no. AJ632270; SEQ D NO: 32) from Actinopianes teichomyceticus

teicoplanin gene cluster; Bbr (GenBank accession no. Y16952; SEQ D NO: 28) from

Amycolatopsis strain DS 5908 balhimycina biosynthetic gene cluster; KasT

(GenBank accession no. BAF79890; SEQ ID NO: 29) from S. kasugaensis

kasugamycin gene cluster; NovG (GenBank accession no. A F 70880; SEQ D NO:

30) from S. niveus strain NC B 9219 novobiocin biosynthetic gene cluster; SgcR1

(GenBank accession no. AY048670; SEQ D NO: 3 1) from S. globisporus C-1 027

biosynthetic gene duster. Identical amino acids (*), conservative amino acids (.) and

highly conservative amino acids substitutions (:). The conserved heiix-turn-helix

(HTH) motif characteristic of DNA-binding proteins like StrR is underlined.

FIG. 12 Alig me t of Orf18 (SEQ D NO: 36) with other functionally

characterized response regulator orthofogs. SC01745/AbrA2: S. coelicolor A3(2)

two-component response regulator (GenBank Accession No. CAB50980; SEQ D

NO: 33). SC03226/AbsA2: S. coelicolor A3(2) two-component response regulator

(GenBank Accession No. AAB08053; SEQ ID NO: 34). SG0381 8 : S. coelicolor

A3(2) two-component system response transcriptional regulator (GenBank

Accession No. CAB46941 ; SEQ D NO: 35).



SEQUENCE LISTING

The nucleic and amino acid sequences listed herein and in the accompanying

sequence listing are shown using standard letter abbreviations for nucleotide bases,

and three letter code for amino acids, as defined in 37 C.F.R. 1.822. Only one strand

of the nudeic acid sequence is shown, but the complementary strand is understood

as included by any reference to the displayed strand. In the accompanying

sequence listing:

SEQ D NOs: 1 and 2 are oligonucleotide primers used to generate the insert

of piasmid pXY152-endorf24.

SEQ D NO: 3 is the nucleic acid sequence of piasmid pXY1 52-endorf24.

SEQ D NOs: 4-7 are oligonucleotide primers used to generate the insert of

piasmid pXY300-orf18ifd.

SEQ D NO: 8 is the nucleic acid sequence of piasmid pXY300-orf1 8ifd.

SEQ D NOs: 9 a d 0 are oligonucleotide primers used to generate the oriT

fragment of piasmid pKS-T-orf1 8 frd.

SEQ ID NO: is the nucleic acid sequence of piasmid pKS-T-orfi 8pfrd.

SEQ D NOs: and are oligonucleotide primers used to generate the

amR fragment of piasmid pKS-T-orf18pfrd-AmR.

SEQ D NO: 14 is the nucleic acid sequence of piasmid pKS-T-orf18pfrd-

AmR.

SEQ D NOs: 1 - 8 are oligonucleotide primers used to generate the o T and

amR fragments of piasmid pKS-orf18ifd-T-AmR(NS).

SEQ ID NO: 9 is the nucleic acid sequence of piasmid pKS-orf18ifd-T-

AmR(NS).

SEQ D NO: 20 is the nucleic acid sequence of piasmid pXY152-endorf24-

camtsr.

SEQ ID NOs: 2 1 a d 22 are oligonucleotide primers used to generate the b a

fragment of piasmid pXY152-endorf24-blatsr.

SEQ ID NO: 23 is the nucleic acid sequence of piasmid pXY1 52-endorf24-

biatsr.

SEQ ID NO: 24 is an oligonucleotide primer which corresponds to a region of

a apramycin resistance gene.



SEQ ID NO 25 is the amino acid sequence of streptomycin activator StrR

protein

SEQ D NO: 26 is the amino acid sequence encoded by ORF24.

SEQ D NO: 27 is the nucleic acid sequence illustrating an in-frame deletion

in orf18.

SEQ D NO: 28 is the amino acid sequence of Bbr insert

SEQ D NO: 29 is the amino acid sequence of KasT insert.

SEQ D NO: 30 is the amino acid sequence of NovG insert.

SEQ ID NO: 3 1 is the amino acid sequence of SgcR1 insert

SEQ D NO: 32 is the amino acid sequence of TeiiS* insert.

SEQ D NO: 33 is the amino acid sequence of response regulator orthoiog

SC01 745/AbrA2 from S. coellcolor A3(2) (GenBank Accession No CAB50960).

SEQ D NO: 34 is the amino acid sequence of response regulator orthoiog

SGO/3226/AbsA2 from S. coellcolor A3(2) (GenBank Accession No. AAB08053).

SEQ D NO: 3 is the amino acid sequence of response regulator orthoiog

SC03818 from S. coellcolor A3(2) (GenBank Accession No. CAB48941).

SEQ D NO: 36 is the amino acid sequence encoded by ORF18.

SEQ D NO: 37 is the nucleic acid sequence of orf18.

SEQ D NO: 38 is the nucleic acid sequence of or†24.

SEQ D NO: 39 is the nucleic acid sequence of the fosmid pXYF148 with the

orf24 located at nucleotide position 23109 through 24044).

SEQ D NO: 40 is the nucleic acid sequence of fosmid pXYF24 with the orf18

located at nucleotide position 31091-31753).

DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS

/ . Introduction

Enduracidin (FIG. 1), also called enramycin, is a 17 amino acid

lipodepsipeptide antibiotic produced by the soil bacterium S. funglcldicus B-5477

(ATCC 2 1013). The peptide is isolated from the fermentation broth and mycelia

primarily as a mixture of enduracidins A and B, which differ by one carbon in the

length of the attached lipid chain. Structuraliy, the enduracidins are distinguished by

a Ci2 or C i3 2Z,4£ branched fatty acid moiety attached by an amide linkage to an

aspartic acid residue, and the presence of numerous nonproteinogenic amino acid



residues such as enduracididine (End), 4-hydroxyphenylglycine (Hpg), 3,5-dich!oro-

4-hydroxyphenyig!ycine (Dpg), citrul!ine (Cit) and ornithine (Orn) (cf. F G. 1). Seven

of the 17 amino acids have the D configuration and six of the residues are Hpg or the

chlorinated derivative Dpg.

Enduracidin (for simplicity, the peptides will be referred to singularly) exhibits

potent in vitro and in vivo antibacterial activity against a wide spectrum of Gram-

positive organisms, including methiciilin-resistant Staphylococcus aureus (MRSA)

and vancomycin-resistant Enierococcus (VRE). Minimum inhibitory concentrations

(MiCs) are as low as 0.05 pg/mL and the effect is bactericidal. A study with 100

strains of S. aureus collected from various pathological products, and including 40%

MRSA, established M Cs ranging from 0.09 to 0.56 g/ L with no strain able to

survive exposure to 1 Mg/mL. For comparison, typical MICs for vancomycin toward

sensitive strains of S. aureus range from 0.5 to 2 Mg/mL. n addition, enduracidin has

an excellent toxicological profile. In a study in mice, rabbits, dogs and monkeys the

acute LDSOs ere: intravenous, 30-125 mg/kg; intraperitoneal, 750-91 0 mg/kg;

subcutaneous, intramuscular (i.m.) or oral, >5-10 g/kg. In the same study, monkeys

receiving enduracidin i.m. for 6 months and rats that were similarly dosed for 12

months were found to only have localized inflammation at the injections site. In

humans, enduracidin was administered i.m. (100 mg every 12 hours) to 20

hospitalized adult patients infected with MRSA. The peptide was reported to be free

of side effects and also highly effective for treating urinary tract and skin infections

caused by MRSA, but not chronic bone infections (Peromet et ai., Chemotherapy

19:53-81 , 1973).

Enduracidin inhibits bacterial peptidoglycan ceil wall biosynthesis by

compiexing with extracellular Lipid II, a precursor to the bacterial cell wall structure.

The site of Lipid I I complexation is distinct from that recognized by vancomycin and

accounts for the action of enduracidin against vancomycin-resistant organisms. To

date, there is no documented cross-resistance of enduracidin with any clinically-used

antibiotic and no evidence of developed, acquired or transferable resistance. The

absence of any known form of transferrable resistance mechanism, the lack of oral

bioavailability, its low toxicity, and excellent activity towards Clostridium spp. have

made enduracidin a key commercial peptide antibiotic used as a poultry feed

additive for controlling clostridial enteritis.



To derive a strain of the producing organism that could supply the quantities

of the peptides required for commercial uses, Japan Takeda Animal Health (now part

of Intervet/Merck Animal Health) subjected S. fungicidicus B-5477 to various

traditional strain improvement methods and selected for mutants that produced

higher yields of enduracidin. An increasing worldwide market for enduracidin has

driven efforts to further improve the yield of this antibiotic in BM38-2 (ATCC PTA-

122342). With the genetic sequence of the enduracidin biosynthesis gene duster

available (GenBank accession no. DQ403252 which is hereby incorporated by

reference as available on the world wide web on October 3 , 2006, B 38-2 (ATCC

PTA-122342) served as the starting strain for the targeted genetic manipulation of

regulatory genes associated with the gene cluster and constitutes the basis for this

disclosure. Herein, it is disclosed that the product of orf18 has a negative effect on

enduracidin production and the orf24 gene product has a positive effect on

enduracidin production and that recombinant strains derived from both the S.

fungicidicus wild-type and B 38-2 (ATCC PTA-122342) organisms that exploit these

regulatory effects produce elevated yields of enduracidin. In addition, disclosed

herein are new gene replacement and integrative expression vectors based on

pBluescript KS and pSET152, respectively.

//. Abbreviations and Terms

a . Abbreviations

AA: amino acid
Am: apramycin
ArnR: apramycin resistance marker
a Rp native apramycin resistance promoter
ATCC: American Type Culture Collection
bia: ampicillin resistance gene
BLAST: Basic Local Alignment Search Tool
cam: chloramphenicol resistance gene
C U colony forming units
CTAB: Cety Trimethyi Ammonium Bromide
Cit: L-citruiline
Dpg: 3,5-dichloro-L-4-hydroxyphenylgiycine
EDTA: disodium EthyleneDiamineTetra-Acetate
End: enduracididine
Enradin: Enduracidin, Enramycin
EP : Enduracidin Production Medium
Hpg: D- and L- 4-hydroxyphenylglycine
HPLC: High Performance Liquid Chromatography



ΗΤΉ : Helix-Turn-Helix
IM: Intramuscular
1SP2: International Streptomyces Project Medium 2
ISP4: International Streptomyces Project Medium 4
LB: Luria-Bertani Broth
LD50: Lethal Dosage, an LD50 represents the individual dose

required to kill 50 percent of a population of test animals
AH: Intervet/Merck Animal Health
eOH: Methanol

M Cs: Minimum Inhibitory Concentrations,
RSA : methiciiiin-resistant Staphylococcus aureus

nm: Nanometer
NRPS: non-ribosomal peptide synthetase
ORF: open reading frame
Orn: D-ornithine
PCP: peptidyl carrier protein
PGR: Polymerase Chain Reaction
Pfrd: Plus Flanking Region Deletion
SDS: Sodium Dodecyl Sulfate
SNP: single nucleotide polymorphism
SPD: Spectrophotodiode
TFA: TriFluoroace tic Acid
TSB: Tryptic Soy Broth
tsr. Thiostrepton resistance gene
UV: ultraviolet
VRE: vancomycin-resistant enterococci

b. Terms

Unless otherwise noted, technical terms are used according to conventional

usage. Definitions of common terms in molecular biology may be found in Benjamin

Lewin Genes V published by Oxford University Press, 1994 (ISBN 0-19-854287-9);

Kendrew e al. (eds.) The Encyclopedia of Molecular Biology, published by Blackweli

Science Ltd., 1994 (ISBN 0-632-02182-9); and Robert A . Meyers (ed.) Molecular

Biology and Biotechnology: a Comprehensive Desk Reference, published by VCH

Publishers, inc., 1995 (ISBN 1-56081-569-8).

in order to facilitate review of the various embodiments of this disclosure, the

following explanations of specific terms are provided:

A d i ister i g : Administration by any route to the animal. As used herein,

administration typically refers to oral administration.

Allelic variant: An alternate form of a polypeptide that is characterized as

having a substitution, deletion, or addition of one or more amino acids in one

example, the variant does not alter the biological function of the polypeptide.



Amplification: When used in reference to nucleic acids, techniques that

increase the number of copies of a nucleic acid molecule in a sample or specimen.

An example of amplification is the polymerase chain reaction, in which a biological

sample collected from a subject is contacted with a pair of oligonucleotide primers,

under conditions that allow for the hybridization of the primers to nucleic acid

template in the sample. The primers are extended under suitable conditions,

dissociated from the template, and then re-annealed, extended, and dissociated to

amplify the number of copies of the nucleic acid. The product of in vitro amplification

can be characterized by electrophoresis, restriction endonudease cleavage patterns,

oligonucleotide hybridization or ligation, and/or nucleic acid sequencing, using

standard techniques. Other examples of in vitro amplification techniques include

strand displacement amplification (see U.S. Patent No. 5,744,31 1); transcription-free

isothermal amplification (see U.S. Patent No. 6,033,881 ) ; repair chain reaction

amplification (see WO 90/01 069); ligase chain reaction amplification (see EP-A-320

308); gap filling ligase chain reaction amplification (see U.S. Patent No. 5,427,930);

coupled ligase defection and PGR (see U.S. Patent No. 6,027,889); and NASBA™

RNA transcription-free amplification (see U.S. Patent No. 6,025,134).

Analog, derivative or mimetic: An analog is a molecule that differs in

chemical structure from a parent compound, for example a homolog (differing by an

increment in the chemical structure, such as a difference in the length of an a ky

chain), a molecular fragment, a structure that differs by one or more functional

groups, and/or a change in ionization. Structural analogs are often found using

quantitative structure activity relationships (QSAR), with techniques such as those

disclosed in Remington (The Science and Practice of Pharmacology, 19th Edition

(1995), chapter 28). When the changes to the original compound are substantial, or

many incremental changes are combined, the compound is no longer an analog. For

example, ramoplanin is not considered herein to be an analog of enduracidin:

ramoplanin does not have either enduracididine amino acid, includes different amino

acids, and though it has a lipid side chain, the chain length is substantially shorter.

Analogs of enduracidin may be prepared by addition or deletion of functional groups

on the amino acids that constitute the iipodepsipeptides, by substitution of one amino

acid for another (excepting the enduracididine amino acids) or a combination of

functional group modification and amino acid substitution. Exemplary enduracidin



analogs include tetrahydorenduracidin A , teirahydroenduracldin B,

deschloroenduracidin A , and deschloroenduracidin B.

A derivative is a biologically active molecule derived from the base structure.

A mimetic is a molecule that mimics the activity of another molecule by mimicking

the structure of such a molecule, such as a biologically active molecule. Thus, the

term "mimetic" indicates a definite structure related to activity.

Antibiotic: A substance, for example enduracidin, penicillin or streptomycin,

often produced by or derived from certain fungi, bacteria, and other organisms, that

can destroy or inhibit the growth of other microorganisms.

A tise se, Sense, a d A tige e: Double-stranded DNA (dsDNA) has two

strands, a 5 - 31strand, referred to as the plus strand, and a 3 --> 5 strand (the

reverse compliment), referred to as the minus strand. Because RNA polymerase

adds nucleic acids in a 5' → 3" direction, the minus strand of the DNA serves as the

template for the RNA during transcription. Thus, the RNA formed will have a

sequence complementary to the minus strand and identical to the plus strand

(except that U is substituted for T). Antisense molecules are molecules that are

specifically hybridizabie or specifically complementary to either RNA or plus strand

DNA. Sense molecules are molecules that are specifically hybridizabie or specifically

complementary to the minus strand of DNA. Antigene molecules are either antisense

or sense molecules complimentary to a dsDNA target. In one embodiment, an

antisense molecule specifically hybridizes to a target mRNA and inhibits transcription

of the target mRNA.

Bi di g or stable binding: A molecule, such as an oligonucleotide or

protein, binds or stably binds to a target molecule, such as a target nucleic acid or

protein, if binding is detectable in one example, an oligonucleotide binds or stably

binds to a target nucleic acid if a sufficient amount of the oligonucleotide forms base

pairs or is hybridized to its target nucleic acid, to permit detection of that binding.

Binding can be detected by either physical or functional properties of the target:

oligonucleotide complex. Binding between a target and an oligonucleotide can be

detected by any procedure known to one of ordinary skill in the art, including both

functional and physical binding assays. Binding can be detected functionally by

determining whether binding has an observable effect upon a biosynthetic process

such as expression of a gene, DNA replication, transcription, translation and the like.



Physical methods of detecting the binding of complementary strands of DNA

or RNA are well known in the art, and include such methods as DNase or chemical

footprinting, gel shift and affinity cleavage assays, Northern blotting, dot blotting and

light absorption detection procedures. For example, one method that is widely used,

because it is so simple and reliable, involves observing a change in light absorption

of a solution containing an oligonucleotide (or an analog) and a target nucleic acid at

220 to 300 n as the temperature is slowly increased. If the oligonucleotide or

analog has bound to its target, there is a sudden increase in absorption at a

characteristic temperature as the oligonucleotide (or analog) and the target

disassociate from each other, or melt.

The binding between an oligomer and its target nucleic acid is frequently

characterized by the temperature (T ) at which 50% of the oligomer is melted from

its target. A higher T means a stronger or more stable complex relative to a

complex with a lower Tm.

The binding between a protein and its target protein, such as an antibody for

an antigen is frequently characterized by determining the binding affinity in one

embodiment, affinity is calculated by a modification of the Scatchard method

described by Frankei e a! , Moi. Immunol., 18:1 01-106, 1979. in another

embodiment, binding affinity is measured by a specific binding agent receptor

dissociation rate in yet another embodiment, a high binding affinity is measured by a

competition radioimmunoassay in several examples, a high binding affinity is at least

about 1 x 10_s . in other embodiments, a high binding affinity is at least about 1.5 x

10 8 , at least about 2.0 x

1Q8 , at least about 2.5 x 10 8 , at least about 3.0 x 10 8 , at least about 3.5 x 10 8 , at

least about 4.0 x 10 8, at least about 4.5 x 10 8, or at least about 5.0 x 1Q8 .

Biological fu ctio : The function(s) of a polypeptide in the cells in which it

naturally occurs. A polypeptide can have more than one biological function.

cDNA (complementary DNA): A piece of DNA lacking internal, non-coding

segments (introns) and transcriptional regulatory sequences. cDNA can also contain

untranslated regions (UTRs) that are responsible for transiational control in the

corresponding RNA molecule. cDNA is synthesized in the laboratory by reverse

transcription from messenger RNA extracted from ceils.



Conservative substitution: Amino acid substitutions that do not

substantially alter the activity (specificity or binding affinity) of the molecule. Typically

conservative amino acid substitutions involve substitutions of one amino acid for

another amino acid with similar chemical properties (e.g., charge or hydrophobicity).

The following table shows exemplar conservative amino acid substitutions:

Control Str p i yces fungicidicus strain: The naturaily-occuring wild-type

strain, Streptomyces fungicidicus ATCC21 0 13 .

DNA (deoxyribonucleic acid): A long chain polymer which comprises the

genetic material of most living organisms (some viruses have genes comprising

ribonucleic acid (RNA)). The repeating units in DNA polymers are four different

nucleotides, each of which comprises one of the four bases, adenine, guanine,

cytosine and thymine bound to a deoxyribose sugar to which a phosphate group is

attached. Triplets of nucleotides (referred to as codons) code for each amino acid in

a polypeptide. The term codon is also used for the corresponding (and

complementary) sequences of three nucleotides in the mRNA into which the DNA

sequence is transcribed.



Unless otherwise specified, any reference to a DNA molecule is intended to

include the reverse complement of that DNA molecule. Except where singie-

strandedness is required by the text herein, DNA molecules, though written to depict

only a single strand, encompass both strands of a double-stranded DNA molecule.

Thus, a reference to the nucleic acid molecule that encodes a specific protein, or a

fragment thereof, encompasses both the sense strand and its reverse complement.

Thus, for instance, it is appropriate to generate probes or primers from the reverse

complement sequence of the disclosed nucleic acid molecules.

Doma i : A portion of a molecule such as proteins or nucleic acids that is

structurally and/or functionally distinct from another portion of the molecule.

Encode: A polynucleotide is said to "encode" a polypeptide if, in its native

state or when manipulated by methods well known to those skilled in the art, it can

be transcribed and/or translated to produce the mRNA for and/or the polypeptide or

a fragment thereof. The anti-sense strand is the complement of such a nucleic acid,

and the encoding sequence can be deduced therefrom.

E d u rac id : Enduracidins A and B are 17 amino acid lipodepsipeptides

discovered in the late 1960s from fermentations of the soil bacterium Streptomyces

fungicidicus B-5477 ATCC 2 1013). The A and B peptides are homologs that differ

by one carbon in the length of the attached lipid chain. Structurally, the enduracidins

are distinguished by C 12 or C 13 2Z,4£ branched fatty acid moiety and the presence of

numerous nonproteinogenic amino acid residues such as enduracididine (End), 4-

hydroxyphenylglycine (Hpg), 3,5-dichloro-4-hydroxyphenyigiycine (Dpg), citruliine

(Cit) and ornithine (Orn). Seven of the 17 amino acids have the D configuration and

six of the residues are Hpg or the chlorinated analog Dpg.

Fu ct io a l fragments a d variants of a polypeptide: Included are those

fragments and variants that maintain one or more functions of the parent

polypeptide. t is recognized that the gene or cDNA encoding a polypeptide can be

considerably mutated without materially altering one or more the polypeptide's

functions. First, the genetic code is degenerate, and thus different codons encode

the same amino acids. Second, even where an amino acid substitution is

introduced, the mutation can be conservative and have no material impact on the

essential function(s) of a protein. See Stryer Biochemistry 3rd Ed., (c) 1988. Third,

part of a polypeptide chain can be deleted without impairing or eliminating a l of its



functions. Fourth, insertions or additions can be made in the polypeptide chain for

example, adding epitope tags, without impairing or eliminating its functions (Ausubel

et al. J. Immunol. 59(5): 2502-12, 1997). Other modifications that can be made

without materially impairing one or more functions of a polypeptide include, for

example, in vivo or in vitro chemical and biochemical modifications or the

incorporation of unusual amino acids. Such modifications include, for example,

acetylation, carboxylation, phosphorylation, giycosylation, ubiquination, labeling, e.g.,

with radionucleides, and various enzymatic modifications, as will be readily

appreciated by those well skilled in the art A variety of methods for labeling

polypeptides, and labels useful for such purposes, include radioactive isotopes such

as 32P, ligands which bind to or are bound by labeled specific binding partners (e.g.,

antibodies), fluorophores, chemiluminescent agents, enzymes, and antiiigands.

Functional fragments and variants can be of varying length. For example, some

fragments have at least 10, 25, 50, 75, 100, 200, or even more amino acid residues.

Effective amount: A quantity or concentration of a specified compound or

composition sufficient to achieve a desired effect in a subject. The effective amount

may depend at least in part on the species of animal being treated, the size of the

animal, and/or the nature of the desired effect.

Gene Cluster: A set of genetic elements grouped together on the

chromosome, the protein products of which have a related function, such as forming

a natural product biosynfhetic pathway.

Heterologous: As it relates to nucleic acid sequences such as coding

sequences and control sequences, "heterologous" denotes sequences that are not

normally associated with a region of a recombinant construct, and/or are not

normally associated with a particular cell. Thus, a "heterologous" region of a nucleic

acid construct is an identifiable segment of nucleic acid within or attached to another

nucleic acid molecule that is not found in association with the other molecule in

nature. For example, a heterologous region of a construct could include a coding

sequence flanked by sequences not found in association with the coding sequence

in nature. Another example of a heterologous coding sequence is a construct where

the coding sequence itself is not found in nature (e.g., synthetic sequences having

codons different than the native gene). Similarly, a host ce l transformed with a



construct which is not normally present in the host ceil would be considered

heterologous for purposes of this disclosure.

Homologous ami o acid sequence: Any polypeptide which is encoded, in

whole or in part, by a nucleic acid sequence that hybridizes to any portion of the

coding region nucleic acid sequences. A homologous amino acid sequence is one

that differs from an amino acid sequence shown in the sequence listing by one or

more conservative amino acid substitutions. Such a sequence also encompasses

allelic variants (defined above) as well as sequences containing deletions or

insertions which retain the functional characteristics of the polypeptide. Preferably,

such a sequence is at least 75%, more preferably 80%, more preferably 85%, more

preferably 90%, more preferably 95%, and most preferably 98% identical to any one

of the amino acid sequences.

Homologous amino acid sequences include sequences that are identical or

substantially identical to the amino acid sequences of the sequence listing. By

"amino acid sequence substantially identical" it is meant a sequence that is at least

90%, preferably 95%, more preferably 97%, and most preferably 99% identical to an

amino acid sequence of reference and that preferably differs from the sequence of

reference by a majority of conservative amino acid substitutions. Consistent with this

aspect of the invention, polypeptides having a sequence homologous to any one of

the amino acid sequences of the sequence listing include naturally-occurring allelic

variants, as well as mutants or any other non-naturaily occurring variants that retain

the inherent characteristics of any polypeptide of the sequences disclosed herein.

Homology can be measured using sequence analysis software such as Sequence

Analysis Software Package of the Genetics Computer Group, University of

Wisconsin Biotechnology Center, 171 0 University Avenue, Madison, i 53705.

Amino acid sequences can be aligned to maximize identity. Gaps can also be

artificially introduced into the sequence to attain optimal alignment. Once the optimal

alignment has been set up, the degree of homology is established by recording all of

the positions in which the amino acids of both sequences are identical, relative to the

total number of positions. Homologous polynucleotide sequences are defined in a

similar way. Preferably, a homologous sequence is one that is at least 45%, 50%,

60%, 70%, 75%, 80%, 85%, 88%, 87%, 88%, 89%, 90%, 9 1% , 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99% or identical to any one of the coding sequences.



Hybridization: Oligonucleotides and other nucleic acids hybridize by

hydrogen bonding, which includes Watson-Crick, Hoogsteen or reversed Hoogsteen

hydrogen bonding, between complementary bases. Generally, nucleic acid consists

of nitrogenous bases that are either pyrimidines (cytosine (C), uracil (U), and thymine

(T)) or purines (adenine (A) and guanine (G)). These nitrogenous bases form

hydrogen bonds between a pyrimidine and a purine, and the bonding of the

pyrimidine to the purine is referred to as base pairing. More specifically, A will

hydrogen bond to T or U, and G will bond to C. Complementary refers to the base

pairing that occurs between two distinct nucleic acid sequences or two distinct

regions of the same nucleic acid sequence.

Specifically hybridizable and specifically complementary are terms that

indicate a sufficient degree of complementarity such that stable and specific binding

occurs between a first nucleic acid (such as, an oligonucleotide) and a DNA or RNA

target. The first nucleic acid (such as, an oligonucleotide) need not be 100%

complementary to its target sequence to be specifically hybrldizable. A first nucleic

acid (such as, an oligonucleotide) is specifically hybrldizable when there is a

sufficient degree of complementarity to avoid non-specific binding of the first nucleic

acid (such as, an oligonucleotide) to non-target sequences under conditions where

specific binding is desired. Such binding is referred to as specific hybridization.

Hybridization conditions resulting in particular degrees of stringency will vary

depending upon the nature of the hybridization method of choice and the

composition and length of the hybridizing nucleic acid sequences. Generally, the

temperature of hybridization and the ionic strength (especially the Na+ concentration)

of the hybridization buffer will determine the stringency of hybridization, though wash

times also influence stringency. Calculations regarding hybridization conditions

required for attaining particular degrees of stringency are discussed by Sambrook et

al. (ed.) Molecular Cloning: A Laboratory Manual, 2nd ed., vol. 1-3, Cold Spring

Harbor Laboratory Press, Cold Spring Harbor, NY, 1989, chapters 9 and 11.

The following are exemplary sets of hybridization conditions and are not

meant to be limiting.

' detects sequences that share 90% sequence identity)
Hybridization: 5x SSC at 65EC for 16 hours
Wash twice: 2x SSC at room temperature (RT) for 15 minutes each
Wash twice: 0.5x SSC at 65EC for 20 minutes each



High Stringency (detects sequences that share 80% sequence identity or
greater)

Hybridization: 5x-6x SSC at 65EC-70EC for 16-20 hours
Wash twice: 2x SSC at RT for 5-20 minutes each
Wash twice: 1x SSC at 55EC-70EC for 30 minutes each

Low Stringency (detects sequences that share greater than 50% sequence
identity)

Hybridization: 8x SSC at RT to 55EC for 18-20 hours
Wash at least twice: 2x-3x SSC at RT to 55EC for 20-30 minutes each.

Isolated: An isolated biological component (such as a nucleic acid molecule

or protein) is one that has been substantially separated or purified away from other

biological components in the cell of the organism in which the component naturally

occurs, such as other chromosomal and extra-chromosomal DNA and RNA, proteins

and organelles. With respect to nucleic acids and/or polypeptides, the term can refer

to nucleic acids or polypeptides that are no longer flanked by the sequences typically

flanking them in nature. Nucleic acids and proteins that have been isolated include

nucleic acids and proteins purified by standard purification methods. The term also

embraces nucleic acids and proteins prepared by recombinant expression in a host

cell as well as chemically synthesized nucleic acids.

Mutate: The process of causing a change in the sequence of a genetic

material (usually DNA or RNA) of a ce l or organism. Mutations can be intentionally

introduced into genetic material using molecular techniques well known in the art

(e.g., site-directed mutagenesis, PGR mutagenesis and others).

Nonribosomal peptide NRP : A class of secondary metabolites, usually

produced by microorganisms, such as bacteria and fungi. Unlike polypeptides

synthesized on the ribosome, these peptides are synthesized by nonribosomal

peptide synthetases (NRPS) from amino acids.

o rib so a peptide backbone assembly: The second step in

nonribosomal peptide biosynthesis, which includes amide bond formation

(condensation) of the peptide sequence.

o r bosoma peptide synthetase (NRPS): A large multi-functional protein

that synthesizes polypeptides by a nonribosomal mechanism, often known as

thiotemplate synthesis (Kleinkauf and von Doehren Ann. Rev. Microbiol. 4 1: 259-



289, 1987). Such nonribosoma! polypeptides can have a linear, cyclic, or branched

cyclic structure and often contain amino acids not present in proteins or amino acids

modified through methyiation or epimerization. in particular examples, NRPS

produce dipeptides.

Nonribosomal peptide tailoring: The third step in nonribosomal peptide

biosynthesis. There are numerous novel precursor amino acids found in

nonribosomal peptides and many of these building blocks are formed or modified

while attached to PCP domains of specialized proteins or the NRPS. This post

synthetic modification can occur after amide bond formation of the peptide

backbone. Exemplary modifications include a-carbon epimerization, A/-methylation,

heterocyclization of Cys or Ser/Thr residues to thiazoiines and oxazoiines, and side

chain halogenation or hydroxyiation. Other modifications such as oxidation,

aikyiation, acyiation and giycosylation can occur after release of the nascent peptide

from the NRPS complex and are often needed for full biological activity.

Nonribosomal precursor amino acid biosynthesis: The first step in

nonribosomal peptide biosynthesis. Nonribosomal peptides often possess amino

acids not found in peptides and proteins that are assembled on ribosomes. These

nonproteinogenic amino acids contribute to the diversity of these peptides and often

have roles in their biological activity. Biosynthesis of these amino acids can occur via

protein-bound intermediates or as free, soluble species.

Nucleic Acid: A deoxyribonucieotide or ribonucleotide polymer in either

single or double stranded form, and unless otherwise limited, encompasses known

analogues of natural nucleotides that hybridize to nucleic acids in a manner similar to

naturally occurring nucleotides.

Nucleotide: This term includes, but is not limited to, a monomer that includes

a base linked to a sugar, such as a pyrimidine, purine or synthetic analogs thereof,

or a base linked to an amino acid, as in a peptide nucleic acid. A nucleotide is one

monomer in a polynucleotide. A nucleotide sequence refers to the sequence of

bases in a polynucleotide.

Oligonucleotide: A plurality of joined nucleotides joined by native

phosphodiester bonds, between about 6 and about 300 nucleotides in length. An

oligonucleotide analog refers to moieties that function similarly to oligonucleotides

but have non-naturally occurring portions. For example, oligonucleotide analogs can



contain non-natural!y occurring portions, such as altered sugar moieties or inter-

sugar linkages, such as a phosphorothioate oligodeoxynucleotide. Functional

analogs of naturally occurring polynucleotides can bind to RNA or DNA, and include

peptide nucleic acid molecules.

Particular oligonucleotides and oligonucleotide analogs can include linear

sequences up to about 200 nucleotides in length, for example a sequence (such as

DNA or RNA) that is at least 8 bases, for example at least 8 , 10 , 5 , 20, 25, 30, 35,

40, 45, 50, 100 or even 200 bases long, or from about 6 to about 50 bases, for

example about 10-25 bases, such as 12, 15, or 20 bases.

Open rea i g frame (ORF): A series of nucleotide triplets (codons) coding

for amino acids without any internal termination codons. These sequences are

usually translatable into a peptide. For example, ORF, open reading frame, and

enduracidin ORF refer to an open reading frame in the enduracidin biosynthetic gene

cluster as isolated from Streptomyces fungicidicus. The term also embraces the

same ORFs as present in other enduracidin -synthesizing organisms. The term

encompasses allelic variants and single nucleotide polymorphisms (SNPs). in certain

instances the term enduracidin ORF is used synonymously with the polypeptide

encoded by the enduracidin ORF and may include conservative substitutions in that

polypeptide. The particular usage will be dear from context.

An ope Reading Frame that has been nulled is an open reading frame that

has been rendered non-functional through the deletion, insertion or mutation of one

of more nucleotides in the coding sequence.

A Streptomyces fungicidicus comprising a diminished open reading frame-

18 {orf 18) is an organism that has a decrease in, such as a 2-fold decrease, or even

complete loss of the biological function of the gene product of orf18, relative to a wild

type Streptomyces fungicidicus e.g., through genetic modification of orf18, including

the orf18 being nulled as exemplified below, and/or through regulatory manipulation,

e.g., modifying, inserting into, removing, and/or replacing non-coding regions of the

gene encoding ORF18 that result in a decrease in the expression of the orf18 gene

product. For example, the wild type promoter of orf18 could be modified so as to

substantially decrease the transcription of orf18.

A Streptomyces fungicidicus comprising an augmented open reading frame-

24 {orf24) is an organism that has an increase, such as a 2-fold increase or more, in



the biological function of the gene product of or†24, relative to a wild type

Streptomyces fungicidicus, e.g., through genetic modification of orflA to enhance

biological function of the gene product of orf24 and/or by regulatory manipulation,

e.g., modifying, inserting into, removing, and/or replacing non-coding regions of the

gene encoding ORF24 that result in an increase in the expression of the orf24 gene

product. For example, the wild type promoter for or†24 was replaced with a strong

constitutive promoter which enhanced the transcription of orf24, as exemplified

below.

Modified gene: A gene sequence which contains a modification as compared

to that found in the naturally occurring (wild-type) gene.

Operably linked: A first nucleic acid sequence is operably linked with a

second nucleic acid sequence when the first nucleic acid sequence is placed in a

functional relationship with the second nucleic acid sequence. For instance, a

promoter is operably linked to a coding sequence if the promoter affects the

transcription or expression of the coding sequence. Generally, operably linked DNA

sequences are contiguous and, where necessary to join two protein-coding regions,

in the same reading frame.

Ort l g Two nucleic acid or amino acid sequences are orthologs of each

other if they share a common ancestral sequence and diverged when a species

carrying that ancestral sequence split into two species. Orthologous sequences are

also homologous sequences.

Polypeptide: A polymer in which the monomers are amino acid residues

which are joined together through amide bonds. When the amino acids are alpha-

amino acids, either the L-optical isomer or the D-opticai isomer can be used, the L-

isomers being preferred in some instances. The term polypeptide or protein as used

herein encompasses any amino acid sequence and includes modified sequences

such as glycoproteins. The term polypeptide is specifically intended to cover

naturally occurring proteins (whether produced by ribosomai or nonribosomal

mechanisms), as well as those that are recombinantly or synthetically produced.

The term polypeptide fragment refers to a portion of a polypeptide that

exhibits at least one useful epitope. The phrase fu ctio al fragment of a

polypeptide refers to all fragments of a polypeptide that retain an activity (such as a

biological activity), or a measurable portion of an activity, of the polypeptide from



which the fragment is derived. Fragments, for example, can vary in size from a

polypeptide fragment as small as an epitope capable of binding an antibody

molecule to a large polypeptide capable of participating in the characteristic induction

or programming of phenotypic changes within a cell.

The term substantially purified polypeptide as used herein refers to a

polypeptide that is substantially free of other proteins, lipids, carbohydrates or other

materials with which it is naturally associated. In one embodiment, the polypeptide is

at least 50%, for example at least 80% free of other proteins, lipids, carbohydrates or

other materials with which it is naturally associated. In another embodiment, the

polypeptide is at least 90% free of other proteins, lipids, carbohydrates or other

materials with which it is naturally associated. In yet another embodiment, the

polypeptide is at least 95% free of other proteins, lipids, carbohydrates or other

materials with which it is naturally associated.

Probes a d primers: Nucleic acid probes and primers can be readily

prepared based on the nucleic acid molecules provided in this disclosure. A probe

comprises an isolated nucleic acid attached to a detectable label or reporter

molecule. Typical labels include radioactive isotopes, enzyme substrates, co-factors,

ligands, chemiluminescent or fluorescent agents, haptens, and enzymes. Methods

for labeling and guidance in the choice of labels appropriate for various purposes are

discussed, e.g., in Sambrook et al. (In Molecular Cloning: A Laboratory Manual,

CSHL, New York, 1989) and Ausubel et al. (In Current Protocols in Molecular

Biology, Greene Pub . Assoc. and Wi ey- ntersciences, 1992).

Primers are short nucleic acid molecules, preferably DNA oligonucleotides, 10

nucleotides or more in length. More preferably, longer DNA oligonucleotides can be

about 15 , 17, 20, or 23 nucleotides or more in length. Primers can be annealed to a

complementary target DNA strand by nucleic acid hybridization to form a hybrid

between the primer and the target DNA strand, and then the primer extended along

the target DNA strand by a DNA polymerase enzyme. Primer pairs can be used for

amplification of a nucleic acid sequence, e.g., by the polymerase chain reaction

(PGR) or other nucleic-acid amplification methods known in the art.

Methods for preparing and using probes and primers are described, for

example, in Sambrook et al. (In Molecular Cloning: A Laboratory Manual, CSHL,

New York, 1989), Ausubel et al. (In Current Protocols in Molecular Biology, Greene



PubL Assoc and Wiley-lntersciences, 1998), and nnis et al (PCR Protocols, A

Guide to Methods and Applications, Academic Press, nc., San Diego, CA, 1990).

PCR primer pairs can be derived from a known sequence, for example, by using

computer programs intended for that purpose such as Primer (Version 0.5, © 1991 ,

Whitehead institute for Biomedical Research, Cambridge, MA). The specificity of a

particular probe or primer increases with its length. Thus, in order to obtain greater

specificity, probes and primers can be selected that comprise at least 17 , 20, 23, 25,

30, 35, 40, 45, 50 or more consecutive nucleotides of desired nucleotide sequence.

Protein: A biological molecule expressed by a gene and comprised of amino

acids.

Purified: The term purified does not require absolute purity; rather, it is

intended as a relative term. Thus, for example, a purified protein preparation is one

in which the protein referred to is more pure than the protein in its natural

environment within a ceil.

Recombinant: A nucleic acid that has a sequence that is not naturally

occurring or has a sequence that is made by an artificial combination of two

otherwise separated segments of sequence. This artificial combination can be

accomplished by chemical synthesis or, more commonly, by the artificial

manipulation of isolated segments of nucleic acids, e.g., by genetic engineering

techniques "Recombinant" also is used to describe nucleic acid molecules that have

been artificially manipulated, but contain the same control sequences and coding

regions that are found in the organism from which the gene was isolated.

Regulating antibiotic production: To cause an alteration, such as an

increase or decrease, in the amount, type or quality of antibiotic production.

Disclosed herein are recombinant strains of Streptomyces fungicidicus with

enhanced enduracidin production.

Sequence identity: The similarity between two nucleic acid sequences or

between two amino acid sequences is expressed in terms of the level of sequence

identity shared between the sequences. Sequence identity is typically expressed in

terms of percentage identity; the higher the percentage, the more similar the two

sequences.

Methods for aligning sequences for comparison are well known in the art.

Various programs and alignment algorithms are described in: Smith and Waterman,



Adv. Αρρ ί. Math. 2:482, 981 ; Needleman and Wunsch, J. Mol. Biol. 48:443, 1970;

Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85:2444, 988; Higgins and Sharp,

Gene 73:237-244, 1988; Higgins and Sharp, CABIOS 5:151-153, 1989; Corpet a/.,

Nucleic Acids Research 16:10881-10890, 1988; Huang, et al., Computer

Applications in the Biosciences 8:155-185, 1992; Pearson et a/., Methods in

Molecular Biology 24:307-331 , 1994; Tatiana et al., (1999), FEMS Microbiol. Lett.,

174:247-250, 1999. Altschul et a/ present a detailed consideration of sequence-

alignment methods and homology calculations J. Mol. Biol. 215:403-410, 1990).

The National Center for Biotechnology Information (NCBI) Basic Local

Alignment Search Tool (BLAST™, Altschul et al.. J. Mol. Biol. 215:403-410, 1990) is

available from several sources, including the National Center for Biotechnology

Information (NCBI, Bethesda, MD) and on the Internet, for use in connection with the

sequence-analysis programs blastp, blastn, blastx, tbiastn and tbiastx. A description

of how to determine sequence identity using this program is available on the internet

under the help section for BLAST™.

For comparisons of amino acid sequences of greater than about 30 amino

acids, the "Blast 2 sequences" function of the BLAST™ (Blastp) program is

employed using the default BLOSUM82 matrix set to default parameters (cost to

open a gap [default = 5]; cost to extend a gap [default = 2]; penalty for a mismatch

[default = -3]; reward for a match [default = 1]; expectation value (E) [default = 10.0];

word size [default = 3]; number of one-line descriptions (V) [default = 100]; number of

alignments to show (B) [default = 100]). When aligning short peptides (fewer than

around 30 amino acids), the alignment should be performed using the Blast 2

sequences function, employing the PAM30 matrix set to default parameters (open

gap 9 , extension gap 1 penalties). Proteins (or nucleic acids) with even greater

similarity to the reference sequences will show increasing percentage identities when

assessed by this method, such as at least 50%, at least 60%, at least 70%, at least

80%, at least 85%, at least 90%, or at least 95% sequence identity.

For comparisons of nucleic acid sequences, the "Blast 2 sequences" function

of the BLAST™ (Blastn) program is employed using the default BLOSUM62 matrix

set to default parameters (cost to open a gap [default = 11]; cost to extend a gap

[default = 1]; expectation value (E) [default = 10.0]; word size [default = 11]; number

of one-line descriptions (V) [default = 100]; number of alignments to show (B) [default



= 100]). Nucleic acid sequences with even greater similarity to the reference

sequences will show increasing percentage identities when assessed by this method,

such as at least 60%, at least 70%, at least 75%, at least 80%, at least 85%, at least

90%, at least 95%, or at least 98% sequence identity.

An alternative indication that two nucleic acid molecules are closely related is

that the two molecules hybridize to each other under stringent conditions (see

"Hybridization" above).

Nucleic acid sequences that do not show a high degree of identity can

nevertheless encode similar amino acid sequences, due to the degeneracy of the

genetic code it is understood that changes in nucleic acid sequence can be made

using this degeneracy to produce multiple nucleic acid molecules that a l encode

substantially the same protein.

Transfected: A process by which a nucleic acid molecule is introduced into

cell, for instance by molecular biology techniques, resulting in a transfected for

transformed) cel . As used herein, the term transfection encompasses a l

techniques by which a nucleic acid molecule might be introduced into such a cell,

including transduction with viral vectors, transfection with p!asmid vectors, and

introduction of DNA by eiectroporation, lipofection, and particle gun acceleration.

Transformed; A transformed cell is a ceil into which has been introduced a

nucleic acid molecule by molecular biology techniques. The term encompasses a l

techniques by which a nucleic acid molecule might be introduced into such a cell,

including transfection with viral vectors, transformation with plasmid vectors, and

introduction of naked DNA by eiectroporation, lipofection, and particle gun

acceleration.

Transposon: A mobile genetic element having nearly identical repeating

sequences at either end, and containing at least a gene encoding a transposase (the

enzyme needed to insert the transposon in the DNA sequence). Transposons can

be integrated into different positions in the genome of a ceil, or over an isolated

plasmid, cosmid, o fosmid DNA template in vitro. Transposons may also contain

genes other than those needed for insertion.

Vector: A nucleic acid molecule as introduced into a host ceil, thereby

producing a transfected host cell. Recombinant DNA vectors are vectors having

recombinant DNA. A vector can include nucleic acid sequences that permit it to



replicate in a host ceil, such as an origin of replication. A vector can also include one

or more selectable marker genes and other genetic elements known in the art. Viral

vectors are recombinant DNA vectors having at least some nucleic acid sequences

derived from one or more viruses. A piasmid is a vector.

Unless otherwise explained, all technical and scientific terms used herein

have the same meaning as commonly understood by one of ordinary skill in the art

to which this disclosure belongs. The singular terms "a," "an," and "the" include

plural referents unless context clearly indicates otherwise. Similarly, the word "or is

intended to include "and" unless the context clearly indicates otherwise. It is further

to be understood that ail base sizes or amino acid sizes, and ail molecular weight or

molecular mass values, given for nucleic acids or polypeptides are approximate, and

are provided for description. Although methods and materials similar or equivalent to

those described herein can be used in the practice or testing of this disclosure,

suitable methods and materials are described below. The term "comprises" means

"includes." In case of conflict, the present specification, including explanations of

terms, will control in addition, the materials, methods, and examples are illustrative

only and not intended to be limiting.

Suitable methods and materials for the practice of the disclosed embodiments

are described below. In addition, any appropriate method or technique well known to

the ordinarily skilled artisan can be used in the performance of the disclosed

embodiments. Some conventional methods and techniques applicable to the

present disclosure are described, for example, in Sambrook et a!., Molecular

Cloning: A Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, 1989;

Sambrook e ai., Molecular Cloning: A Laboratory Manual, 3d ed., Cold Spring

Harbor Press, 2001 ; Ausubei et ai, Current Protocols in Molecular Biology, Greene

Publishing Associates, 992 (and Supplements to 2000); Ausubei et ai., Short

Protocols in Molecular Biology: A Compendium of Methods from Current Protocols in

Molecular Biology, 4th ed., Wiley & Sons, 1999; Harlow and Lane, Antibodies: A

Laboratory Manual, Cold Spring Harbor Laboratory Press, 1990; Harlow and Lane,

Using Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1999;

and Kieser, T., Bibb, M.J., Buttner, .J., Chafer, K.F., and Hopwood, D.A.: Practical



Streptomyces genetics, John !nnes Centre, Norwich Research Park, Co!ney,

Norwich NR4 &UH, England, 2000

A H publications, patent applications, patents, and other references mentioned

herein are incorporated by reference in their entirety in case of conflict, the present

specification, including explanations of terms, will control. In addition, the materials,

methods, and examples are illustrative only and not intended to be limiting.

///. Engineered recombinant expression vectors of Streptomyces fungicidicus

Disclosed herein are engineered recombinant Streptomyces fungicidicus

expression piasmid vectors in some embodiments, an engineered recombinant

Streptomyces fungicidicus vector comprises at east one selected open reading

frame of Streptomyces fungicidicus. In some embodiments, an engineered

recombinant Streptomyces fungicidicus vector comprises at Ieast one selected open

reading frame of Streptomyces fungicidicus expressed under the control of a

promoter n some examples, the promoter is a strong constitutive Streptomyces

promoter that results in the enhanced production of enduracidin when the vector is

expressed in a strain of Streptomyces fungicidicus. In some embodiments, the open

reading frame is operativeiy linked to a heterologous promoter instead of its own

native promoter. For example, it may be operativeiy linked to a constitutive promoter,

such as a strong constitutive expression promoter or an inducible promoter in some

examples, the strong constitutive promoter is em?£*p from the erythromycin

producer. In some examples, the inducible promoter is tipA. In some examples, the

P(A7/¾4)-NitR system (Herai S , Hashimoto Y, Higashibata H , aseda H , keda H ,

Omura S , Kobayashi M , Proc Natl Acad Sci U S A.2004. 0 1(39): 14031 -5) or the

streptomycete promoter SF14 is employed. In some examples, a native promoter of

the apramycin resistant gene (amRp) is employed. In some examples, Ρ η,- β , PtcP83o,

sF , em E' and/or Pneos are employed.

in some embodiments, the engineered recombinant vector comprises an open

reading frame orf24 (SEQ D NO: 38) and/or open reading frame orf18 (SEQ D NO:

37) which has been nulled. In some examples, the open reading frame orf18 (SEQ

D NO: 37) is nulled by an in-frame-deletion, frame-shifting and/or point mutation.

n some embodiments, the engineered recombinant vector comprises an open

reading frame or†24 from the enduracidin gene cluster of Streptomyces fungicidicus.



n some examples, the open reading frame orf24 (SEQ D NO: 38) is operative!y

linked to a heterologous promoter. For example, it is linked to a strong constitutive

promoter such as erm£*p. In other examples, the open reading frame orf24 is

operatively linked to promoter tipA, SF14, amRp, P , Ptcpsso, PSFH, PemE* and/or

Pneos.

In another embodiment, an engineered recombinant vector comprises an

open reading frame orf18 that resides in the upstream region of the enduracidin

gene cluster. The open reading frame orf18 (SEQ ID NO: 37) is nulled by insertional

disruption, in-frame deletion, frame-shifting and/or point mutation. In some examples,

the open reading frame orf18 is nulled by an in-frame deletion, such as an in-frame

deletion as illustrated in FIG. 9B. In one example, the open reading frame or†18

(SEQ D NO: 37) is nulled by an in-frame deletion. For example, the open reading

frame orf18 (SEQ D NO: 37) is nulled by an in-frame deletion of nucleic acids 5

through 680 of orf18(SEQ D NO: 37). in general, any internal in-frame deletion over

or†18 results in a nulled function of Orf18 due to its incompleteness in some

examples, the in-frame deletion includes deletion of at least 3 nucleic acids in orf18

(SEQ D NO: 37), such as at least 3 nucleic acids, including 3 , 6 , 9 , 12, 15,

24, 27, 30, 33, 36, 39, 42, 45, 48, 5 1 , 54, 57, 60, 63, 66, 69, 72, 75, 78, 8 1 ,

90, 93, 96, 99, 102, 105, 108, 111, 114 117 120, 123, 126, 129, 132, 135

144 147, 150, 153, 156, 159, 162, 165 168 171 , 174, 177, 180, 183, 186

195 198, 201 , 204, 207, 210, 213, 218 219 221 , 224, 227, 230, 233, 236

245 248, 251 , 254, 257, 260, 263, 266 269 272, 275, 278, 281 , 284, 287

296 299, 302, 305, 308, 3 11, 314, 317 320 323, 326, 329, 332, 335, 338

347 350, 353, 356, 359, 362, 365, 368 371 374, 377, 380, 383, 386, 389

398 401 , 404, 407, 410, 413, 416, 419 421 424, 427, 430, 433, 438, 439

448 451 , 454, 457, 460, 463, 466, 469 472 475, 478, 481 , 484, 487, 490

499 502, 505, 508, 5 11, 514, 517, 520 523 528, 529, 532, 535, 538, 541

550 553, 556, 559, 562, 565, 568, 571 574 577, 580, 583, 586, 589, 592

601 804, 607, 6 10 , 613, 616, 619, 621 624 627, 630, 633, 636, 839, 842

651 or 654 nucleic acids between nucleic acids 5 through 660 of orf18(SEQ ID NO:

37).

in related embodiments, an engineered recombinant piasmid vector involves

more open reading frames from the enduracidin gene cluster and/or the



regions flanking the gene duster or from other acfinomycete strains. The two or

more open reading frames may be linked to a single promoter. Alternatively, they

may be operatively linked to two different promoters. The two promoters may be the

same type of promoter. Alternatively, they may be two different types of promoters.

in further embodiments, additional or alternative open reading frames that

may enhance enduracidin production may be introduced, or inactivated, in the

engineered strain of Streptomyces fungicidicus.

in some examples, the recombinant plasmid is pXY152-endorf24 (SEQ D

NO:3). In some examples, the recombinant plasmid is pXY300-orf 18ifd (SEQ ID NO:

8). In some examples, the recombinant plasmid is pKS-T~orf18ifd (SEQ D NO: 11).

In some examples, the recombinant plasmid is pKS-T-orf1 8pfrd-AmR (SEQ D NO:

14). In some examples, the recombinant plasmid is pKS-orf18ifd-T-AmR(NS)(SEQ

D NO: 19). in some examples, the recombinant plasmid is pXY152-endorf24-camtsr

(SEQ D NO: 20). in some examples, the recombinant plasmid is pXY152-endorf24-

blatsr (SEQ D NO: 23).

iV. Engineered recombinant strains of Streptomyces fungicidicus

Disclosed herein are engineered recombinant Streptomyces fungicidicus

strains capable of producing enhanced enduracidin as compared to a control strain

(such as a wild-type Streptomyces fungicidicus strain or industrial parent strain). In

some embodiments, an engineered recombinant Streptomyces fungicidicus strain

comprises at least one selected open reading frame from Streptomyces fungicidicus

introduced onto the chromosome and expressed under the control of a promoter,

such as a strong constitutive Streptomyces promoter, that results in the enhanced

production of enduracidin in the engineered strain in some embodiments, the

expression of the introduced open reading frame in the Streptomyces fungicidicus is

driven by a heterologous promoter instead of its own native promoter. For example,

it may be operatively linked to a constitutive promoter, such as a strong constitutive

expression promoter or an inducible promoter in some examples, the strong

constitutive promoter is ermE*p from the erythromycin producer in some examples,

the inducible promoter is tipA . in some examples, the P(n/M)~NitR system (see Herai

S, Hashimoto Y, Higashibata H , aseda H , ikeda H , Omura S , Kobayashi , Proc

Natl Acad Sci U S , 2004 101 (39): 14031 -5) or the streptomycete promoter SF1 4 is



employed. In some examples, the constitutive expression promoter is amRp. In

some examples, P , Ptcpeso, P SF , P r E and/or Pneos promoters are employed.

in some embodiments, the engineered strain comprises an open reading

frame or†24 from the enduracidin gene cluster of Streptomyces fungicidicus. In some

examples, the open reading frame orf24 is operatively linked to a heterologous

promoter. For example, it is linked to a strong constitutive promoter such as ermE*p.

In other examples, the open reading frame o 24 is operatively linked to promoter

tipA, SF14, amRp, ,ν β , 3 , PSFU, E and/or Pneos.

in another embodiment, the engineered strain is related to an open reading

frame orf18 that resides in the upstream region of the enduracidin gene cluster. The

open reading frame orf18 is nulled by insertionai disruption, in-frame deletion, frame-

shifting and/or point mutation in some examples, the open reading frame orf18 is

nulled by an in-frame deletion, such as an in-frame deletion as illustrated in FIG. 9B.

In one example, the open reading frame orf18 (SEQ D NO: 37) is nulled by an in-

frame deletion. For example, the open reading frame or†18 (SEQ D NO: 37) is

nulled by an in-frame deletion of nucleic acids 5 through 660 of (SEQ D NO: 37). In

general, any internal in-frame deletion over orf18 should result in a nulled function of

Orf18 due to its incompleteness.

in related embodiments, the engineered strain involves two or more open

reading frames from the enduracidin gene cluster and/or the regions flanking the

gene cluster or from other actinomycete strains. The two or more open reading

frames may be linked to a single promoter. Alternatively, they may be operatively

linked to two different promoters. The two promoters may be the same type of

promoter. Alternatively, they may be two different types of promoters.

in further embodiments, additional or alternative open reading frames that

may enhance enduracidin production may be introduced, or inactivated, in the

engineered strain of Streptomyces fungicidicus.

n some embodiments, the engineered strain of Streptomyces fungicidicus is

derived from a wild type parent strain, such as, but not limited to, Streptomyces

fungicidicus American Tissue Culture Company (ATCC) 2 1013. In other

embodiments, the engineered strain of Streptomyces fungicidicus is derived from an

industrial parent strain, such as, but not limited to B 38-2 (ATCC PTA-122342). In

other embodiments, the engineered strain of Streptomyces fungicidicus is derived



from th conventional mutant strains, such as, but not limited to Strepfomyces

fungiddicus ATCC 3 1729, Strepfomyces fungiddicus ATCC 3 1730 and

Strepfomyces fungiddicus ATCC 3 1 3 1.

In some embodiments, enhanced production of enduracidin is an at least 1.2

fold increase, such as at least 5 fold, at least 2 fold, at least 2.5 fold, at least a 3

fold, at least a 3.5 fold, at least a 4 fold, at least a 4.5 fold increase, including, but not

limited to a 1.2 to 10 fold increase, a 1.2 to 4.6 fold increase, a 2 to 5 fold increase,

such as 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.1 , 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8,

2.9, 3.0, 3.1 , 3.2, 3.3, 3.4, 3.5, 3.6, 3 7, 3.8, 3.9, 4.0, 4.1 , 4.2, 4.3, 4.4, 4.5, 4 6, 4.7,

4.8, 4.9, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5 and 10 fold increase in

enduracidin production as compared to the control Strepfomyces fungiddicus strain.

In some embodiments, the control Strepfomyces fungiddicus strain is a wild-type

Strepfomyces fungiddicus strain, including, but not limited to, Strepfomyces

fungiddicus American Tissue Culture Company (ATCC) 21013 or an industrial

parent strain, such as, but not limited to, B 38-2 (ATCC PTA-122342), or the

conventional mutant strain, such as, but not limited to Strepfomyces fungiddicus

ATCC 31729, Strepfomyces fungiddicus ATCC 31730 and Strepfomyces

fungiddicus ATCC 31731 . In one example, the control is Strepfomyces fungiddicus

ATCC 21013 and the increase in enhanced enduracidin production is at least a 1 2

fold increase, such as a 1.2 to 4.6 fold increase n one example, the control is

Strepfomyces fungiddicus BM38-2 (ATCC PTA-122342) and the increase in

enhanced enduracidin productions is at least a 1.2 fold increase, such as a 1.2 to 4.6

fold increase.

V. Construction of engineered recombinant strains of Strepfomyces fungiddicus

in embodiments, recombinant strains of Strepfomyces fungiddicus may be

constructed by integration of a recombinant plasmid comprising at least one

enduracidin production enhancing open reading frame into the chromosome of a

parent strain of Strepfomyces fungiddicus. The integrative conjugal vector may

have, or may be engineered to have, a strong constitutive Strepfomyces promoter in

some embodiments, the plasmid may lack a streptomycete replicon and may be

integrated into the chromosome by site-specific single crossover homologous

recombination in other embodiments, the plasmid may be present as a free plasmid.



n some embodiments, an conjugal vector may be engineered in which the plasmid

insert carries a partially or completely deleted gene of interest, and its flanking

regions, that may be integrated in o the chromosome after double crossover

homologous recombination to generate an in-frame deletion mutant.

VI. Production ofenduracidin from engineered recombinant strains of Streptomyces

fungicidicus

The engineered recombinant strains of Streptomyces fungicidicus provided by

the present disclosure provide for methods of producing enhanced levels of

enduracidin. This technical advance in the art allows for significant cost savings

associated with the production of enduracidin. In some examples, methods of

producing enduracidin comprises culturing a disclosed recombinant strain of

Streptomyces fungicidicus under conditions sufficient for producing enduracidin. n

some examples, the method further comprises isolating the enduracidin from the

culture medium following culturing. in some examples, the method further comprising

determining the antibacterial activity of the produced enduracidin, such as by HPLC

analysis or bioassay using the S. aureus ATCC 2921 3 or Bacillis subtilis ATCC 6633

as indicating microorganisms.

in some examples, enduracidin is produced by a disclosed Streptomyces

fungicidicus strain by utilizing fermentation conditions as previously described for the

production of enduracidin (Higashide et al. J. Antibiot. 2 1: 126-1 37, 1968). After

production, the compounds can be purified and/or analyzed including HPLC analysis

as described in Example 1. Methods of producing enduracidin and harvesting this

compound from growth medium can be found in United States Patent 4,465,771 ,

which is hereby incorporated by reference in its entirety.

in some examples, a disclosed Streptomyces fungicidicus strain is cultured in

tryptic soy broth (TSB) on a shaker (such as at 225 rp and 30 °C for 48 hours) and

then transferred to a enduracidin production medium (EPM, Table 1 below) for a

period of time for continuous fermentation, such as for at least five days and up to

eleven days, including 5 , 6 , 7 , 8 , 9 , 10 or 11 days of continuous fermentation. In

some examples, production of enduracidin by the wild-type and derivative strains is

conducted in automatic fermenters.



Table 1. Enduracidin Production Medium (EPM) Composition (pH 8.7)

in some examples, Streptomyces fungicidicus biomass is produced by a

fermentation process in deep tank sanitary design industrial fermenters with systems

to monitor and control pH, temperature, oxygen, aeration, agitation. For example,

each fermented batch of S. fungicidicus is initiated from a characterized and

controlled working seed stock of the production seed stored in a secure location and

held in low temperature environment.

in some examples, the fermentation process occurs in one or more stages,

such as following three stages and can optionally be followed by further processing

downstream:

Stage I :

Characterized established working seed cultures are used to start a

fermentation batch. One-to- five vials of frozen seed vials are retrieved from low

temperature storage and thawed either naturally or placed in a water bath at 28°C-

32°C until the contents are thawed. The thawed culture(s) are aseptically transferred

into sterile water held at room temperature and gently mixed to re-suspend the

culture.



Stage II:

The re-suspended culture is asepticaliy transferred into 0.005 m3-0.05 m 3

seed medium. The seed medium is composed of glucose (0.1-1 .0 g/L), Dextrin (0.1-

3 g/L), corn steep liquor (0-5.0 mL/L), soybean powder (1-5.0 g/L), ammonium

sulfate (0.1-0-0.5 g/L), mono-potassium phosphate (0.13-0.54 g/L), ferrous sulfate

(0.00-0.5 g/L), potassium hydroxide (0.13 mL/L), calcium carbonate (1-2 g/L),

silicone-based de-foaming agent (0.1 mL/L), water, q . s . The medium is sterilized at

125 C-128°C for 30-45 minutes and then cooled to 28°C-32°C. The volume of

medium is adjusted using sterile water to the desired working volume. The p H is

adjusted to 6.5-7.0.

The operating parameters of the seed scale u p cycle include: incubation

temperature of 28°C±2°C, a n internal pressure of 1 .0±0.5 kg/cm2, a n aeration rate of

3±2 Nm3/min, and agitation rate o f approximately 8 0 rp , depending upon size and

configuration of the vessel. The pH, oxygen consumption and viscosity is monitored

but not controlled. The culture is grown for 40-80 hours before transfer into the main

production fermenter. The viscosity a t the time of transfer should range from 200-

600 cps, and the p H should be <6.0, and there should be a n increase in oxygen

consumption. The seed culture is asepticaliy transferred into the main fermentation

medium to complete the fermentation cycle.

Stage 1:

Production Fermenter medium (10 m3-250 m3) composition includes natural

and chemical components such a s corn flour (13.0-15.0 w/v%), corn gluten meal

(3.0-6.0 w/v%), cotton seed flour (0.1-0.3 w/v%), corn steep liquor (0 1-0 .6 v/v%),

sodium chloride (0.3 w/v%), ammonium sulfate (0.25-0.6 w/v%), lactic acid (0-0.5

v/v%), zinc chloride (0.01 w/v%), ferrous sulfate (0.0-0.02 w/v%), potassium

hydroxide (0 2 0-0 .5 v/v%), calcium sulfate (0.0-0.5 w/v%), calcium carbonate (0.5

w/v%), amylase (0.02-0.06 w/v%), potassium hydroxide (0 0 5 v/v%), vegetable oil

(0.5-2.0 v/v%), de-foaming agent, and wafer, q . s . The ingredients a e added

according to the order listed. Add water to the ingredients then heat to 70-90°C to

allow the enzyme to break down the complex carbohydrates for 15 minutes a t

temperature. Add remaining ingredients, adjust p H to 6.6-6.8, and add water q . s.,

sterilize a t 125°C-128°C for 25-50 minutes to sterilize the media. Cool the media to

25°C-32°C, and add water to q . s , working volume.



Transfer the contents from the seed fermenter into the main fermentation

medium and set the fermenter to the following conditions: Temperature 28 C±3°C,

aeration rate 20-80 Nm3/min, internal pressure 0.1-1 .0 kg/cm2, agitation rate

equivalent to about 1.85 kW/m3. The aeration rate, internal pressure and agitation

rates are adjusted a needed to ensure that the dissolved oxygen is not a rate limiting

determinate. Carefully control foaming throughout the cycle to prevent contamination

or outflow. Start controlling pH after oxygen demand increases. The following

parameters are controlled and/or monitored throughout the fermentation cycle: pH,

aeration, dissolved oxygen, C02, viscosity, purity, agitation speed, internal pressure,

and residual sugar. Maintain pH at 6.8 until the bacteria growth ceases, then allow

pH to change naturally until harvest. The typical fermentation cycle is 210-300

hours. The culture is ready to be harvested when potency is greater than 5,000 µ Ι/L,

pH rises to 7.5 or higher, viscosity decreases, and oxygen demand ceases.

The fermentation is harvested by heating the culture to 70°C for 30 minutes to

inactivate the bacteria, and then cool the harvest fluids to 25°C-32°C.

in some examples, downstream processing includes removing water from the

biomass, drying the biomass and formulating the dried biomass into a premix.

Deposits of Biological Material

The following biological materials have been deposited under the terms of the

Budapest Treaty with The American Type Culture Collection, and given the following

accession numbers:

BM38-2-18pfrd PTA-124007 larch 2 , 2017

BM38-2-24/16 PTA-124006 larch 2 , 201 7

The above strains have been deposited under conditions that assure that

access to the culture will be available during the pendency of this patent application

to one determined by the Commissioner of Patents and Trademarks to be entitled

thereto under 37 C.F.R. § 1.14 and 35 U.S.C. §122. The deposits represent

substantially pure culture of the deposited strains. The deposits are available as

required by foreign patent laws in countries wherein counterparts of the subject



application, or its progeny are filed. However, it should be understood that the

availability of a deposit does not constitute a license to practice the subject invention

in derogation of patent rights granted by governmental action.

The following non-liming examples are provided to illustrate certain particular

features and/or embodiments. These examples should not be construed to limit the

disclosure to the particular features or embodiments described.

EXAMPLES

Example 1

Materials and Methods for Enhanced E racid n Production

This example provides representative methods for enhanced enduracidin

production.

Bacteria! strains, plasmids, fosmids a d culture conditions.

Streptomyces fungicidicus B-5477 (ATCC 21013) and Escherichia coli S17-1

(ATCC 47055) were purchased from ATCC. The S. fungicidicus strain BM38-2

(ATCC PTA-122342 ) and standards of enduracidins A and B were provided by

Intervet/Merck Animal Health (MAH). E. coli strains DH5a (Life Technologies, Inc.),

EPI300 (Epicentre) and XL10-Goid (Stratagene) were used as hosts for E. coii

plasmids, fosmids and E. coli-Streptomyces shuttle vectors. Plasmids pSET152

(Bierman e a!., Gene 116: 43-49, 1992, which is hereby incorporated by reference

in its entirety) and plJ773 were provided by Professor Keith Chater (JIC, Norwich,

UK). Piasmid pWHM860 harboring ermE*p promoter was provided by Professor

Bradley Moore (UCSD, San Diego). ISP2 (Difco™ ISP Medium 2), ISP4 and TSB

(Bacto™ Tryptic Soy Broth) were purchased from VWR. Primers used for PGR and

DNA sequencing were synthesized from Fisher and Sigma-Aldrich. Media and

culture conditions for growing S. fungicidicus were described by Higashide et a/.

(Journal of Antibiotics, 2 1 :126-1 37, 1968). All E. coli procedures were performed

according to standard protocols.

DNA isolation and manipulations.

To prepare genomic DNA from S. fungicidicus B-5477, BM38-2 (ATCC PTA-

122342) and derivative recombinant and mutant strains for sequencing, fosmid



library construction , subcloning and PGR, freshly harvested spores from the

individual strains were inoculated and grown in 100 L TSB liquid medium

supplemented with 5 mM gC and 0.5% glycine. The representative culture was

conducted in 500 mL Erlenmeyer flasks on a rotary shaking incubator at 225 rpm

and 30 °C for 48 to 72 hours. Mycelial cells were harvested by centrifugation at

4000 rpm and 4 °C for 15 minutes. The supernatant was discarded and the pellet

was successively washed once with 10 .3% sucrose and twice with 10 mM Tris-HCI

and 1 mM disodium ethylenediaminetetra-acetate (EDTA), pH 8.0 (TE buffer). The

wet cells, equivalent to the volume of 80 µ ί . water were distributed into 1.5 mL

sterile micro-centrifuge tubes. After adding 300 µ of the lysis solution containing

200 µ of 10 mM Tris-HCI and 1 mM EDTA, pH 8.0 and 0.3 M sucrose (TES

buffer), 50 µ of 0.5 M EDTA, 50 L of lysozyme (50 mg/m L), the tubes were

incubated at 37 °C for 30 to 60 minutes until the solution became viscous. Next, 5

µ of proteinase K (20 mg/m L) and 180 of 10% sodium dodecyl sulfate (S DS)

were added to each tube. After gentle but thorough mixing, the solutions were

incubated at 37 °C for 90 minutes. Then , 80 µ of 10% Cety Trimefhyl Ammonium

Bromide (CTAB) was added . After thorough mixing, the tubes were incubated at 65

°C for 10 minutes. The solutions were extracted twice with 600 L of

phenol/chloroform/isoamyl alcohol (25/24/1 ) . The genom ic DNA in the upper

aqueous phases were recovered and precipitated with 0.6 volume of isopropanol.

The harvested genomic DNA was washed twice with 70% ethanol. After drying at

room temperature for 10 minutes, the genomic DNA was dissolved in 50 to 100

of sterile water. The high quality of the genom ic DNA preparation was confirmed by

digestion with Η ίηά and Sau3AI which showed complete digestion and no

degradation of undigested genomic DNA by 0.8% agarose gel electrophoresis.

Pooled genomic DNA was further digested with RNase to remove RNA

contamination. The purity and quantity of the genomic DNA were determined with a

Nanodrop spectrophotometer. General streptomycete DNA manipulations including

agarose gel electrophoresis were performed and QIAprep Spin Miniprep kits

(Qiagen) were used to prepare piasmids and fosmids from E. coil strains.

Restriction endonucieases, DNA iigase, DNA polymerase, transposase, Kienow

enzyme, alkaline phosphatase and Iigase were purchased from Biolabs, nvitrogen,



Epicentre and Roche, and used according to the manufacturers' recommendations.

DNA fragments were purified using QIAquick Gel Extraction kits.

PGR.

The colony PCR was conducted as follows: spores from independent mutant

candidate colonies were inoculated in TSB liquid culture. After growing for 48 to 72

hours, myceiia were harvested by centrifugation and washed twice with TE buffer

(10 m Tris, 1 EDTA), pH 8.0. Myceiia were re-suspended in sterile H2O and

used as template in PCR reaction mixture in a final volume of 100 µ Ι_ containing 60

µ of myceiia, 150 pmol of each primer, 20 µ of 5X AccuPrime GC-rich buffer A

(Invitrogen), and 1 µ Ι_of Polymix (added at 80 °C) from the Expand long template

PCR system (Roche). PCR was performed as follows: 1 cycle at 95 °C for 3

minutes, 30 cycles at 95 °C for 1 minute, at 55 °C for 1 minute, and at 72 °C for 2

minutes. The reaction was terminated with one extension cycle at 72 °C for 10

minutes. PCR products were gel-purified and sequenced. General PCR was

similarly conducted as described above except that the isolated genomic DNA,

piasmid/fosmid DNA was used as template instead of the direct use of DNA

released from mycelial colonies without prior purification.

Co st ruct io of the integrative expression piasmid pXY1S2-endorf24

in order to ectopically express the putative regulatory gene orf24 from the

enduracidin gene cluster in S. fungicidicus wild-type and B 38 2 (ATCC PTA-

122342) strains, orf24 was cloned into the integrative piasmid pXY152 derived from

pXY152aR20 (Yin e a!., J. Natural Products, 73: 583-589, 2010 which is hereby

incorporated by reference in its entirety) or†24 was PCR-amplified from S.

fungicidicus genomic DNA using the forward primer (End24Ndpf: 5 -

CCACCACATATGGAAATAAGTTCGCTCTCCA-3' (SEQ D NO:1 , Nde\ site is in

bold) and the reverse primer (End24ERpr:5 -

GTGTGTGAATTCCTCGTTCACCCGGCCAGATG-3' (SEQ D NO: 2 , EcoR site is

in bold). The PCR product was digested with Ndel and EcoRI. The gel-purified

or†24 fragment was then ligated with the similarly restricted vector pXY1 52. The



resulting plasmid was designated pXY152-endorf24 (FIG. 2 ; SEQ D NO: 3). The

oi124 insert was confirmed to be errorfree by sequencing.

Construction of plasmid pXY300-orf 1Sifd for in-frame deletion of r

pXY300-orf 18ifd was constructed by cloning two fragments that flank orf18

and are destined for deletion into pXY300, an E . coli-Streptomyces shuttle conjugal

temperature-sensitive vector containing the thiostrepton resistance gene (tsr) for

selection in S. fungicidicus. An "upstream" 2 kb and a "downstream" 2 kb flanking

sequence, designated orfiSifdNP and orf SifdPH, respectively, that flank or were

generated by PGR using S. fungicidicus genomic DNA as the template and two sets

of primers. Fragment orf18ifdPH was amplified by using the forward and reverse

primers (!fdenorfl 8pf1 , 5'-

TTATTGAAGCTTGCCGGGGCCGACGCGGCGGGCGGCCT-3"

(SEQ D NO: 4), Ifdendorfl 8pr1 , 5 ~

GTTGTTTTAATTAAACAGCAGGCCTCCTGGGGTG-3'

(SEQ D NO: 5), Hindlll and Pad sites are in bold). Fragment orf18ifdNP was

amplified by using the forward and reverse primers (Ifdendorfl 8pf2, 5'

-TTTATATTAATTAATGACCCTTGCGTCGCGGCCCGGAT-3'

(SEQ D NO: 8), Ifdendorfl 8pr2, 5'

- TTTGGTGCTAGCTGGTCGTGGCGCTGTTCC-3"

(SEQ D NO: 7), Pad and Nhel sites are in bold). These two PGR fragments were

appropriately restricted and simultaneously ligated with the pXY300 vector prepared

by digestion with Nhel and Hindlll, to yield plasmid pXY300-orf 18ifd (FIG. 3 ; SEQ ID

NO: 8). The error-free in-frame deletion insert of pXY300-orf1 8ifd was confirmed by

sequencing.

Construction of plasmid pKS-T-orf 8pfrd-AmR for deletion of orf18 and its

flanking regions.

The o fragment was amplified by PGR from plasmid piJ773 using the

forward primer (OritnhexbahdSf, 5'

-AGCACAGCTAGCTTCTAGAAGCTTCATTCAAAGGCCGGCA-3' (SEQ ID NO: 9)

Hindlll site is in bold) and the reverse primer (Oriterl pstxhor, 5'

-GCCAGTGAATTCTGCAGCTCGAGCAGAGCAGGATTCCGGTTGA-3' (SEQ ID

NO: 10), Xhol site is in bold). The oriT fragment was digested with Hindlll and Xhol,

gel-purified and then ligated into the similarly restricted vector pBluescript KS



derivative to yield plasm id pKS-T (Alting-Mees and Short, Nucleic acids Research,

17 : 9494, 1989). The insert of plasmid pXY300-orf1 8ifd was excised by digestion

with Nhel and Hindl ll, gel-purified and then ligated with Nhel and Hindl ll linearized

plasmid pKS-T to afford the plasm id pKS-T-orfi 8ifd (FIG. 4 ; SEQ D NO: 11) . A 1 kb

fragment carrying aac(3)iV, the apramycin resistance gene amR , was amplified

from piJ773 using forward primer (ApraNcoi pf, 5

GAATGGCCATGGTTCATGTGCAGCTGCAT-3' (S EQ D NO: 12), Ncol site is in

bold) and reverse primer (ApraBam H!p , 5'-

TCTCGAGGATCCGAATAGGAACTTCGGAAT-3' (S EQ D NO: 13), BamH l site is in

bold). Digestion of the fragment AmR and plasmid pKS~T-orf18ifd with Ncol and

BamH l prepared both the insert and vector for ligation. The resulting plasm id was

designated pKS-T-orf1 8pfrd-Am R (FIG. 5 ; SEQ D NO: 14).

Co structio of p as p S~T~orf 8if ~Am S for in-frame-deletsors of

orf18.

The insert of pXY300-orf1 8ifd was excised by digestion with Nhel and

Hind lll , gel-purified and then ligated with Spel and Hindl ll linearized vector

pBluescript KS to produce a plasmid pKS-orf1 8ifd . The or/T fragment was

amplified by PCR using the forward primer (OritnhexbahdSf, 5'-

AGCACAGCTAGCTTCTAGAAGCTTCATTCAAAGGCCGGCA-3' (SEQ D NO:

15), Hindl ll site is in bold) and the reverse primer (oriTXhNdSpr, 5'-

AGGCAGCTCGAGCATATGACTAGTCAGAGCAGGATTGCCGTTGA-3'(SEQ D

NO: 16), Xhol , Ndel and Spe sites are in bold). The oriT fragment was digested

with Xhol and Hind lll, gel-purified and then ligated with the similarly restricted

plasmid pKS-orf1 8ifd to obtain a plasmid pKS-orf1 8ifd-T. A 1 kb fragment carrying

aac(3)IV gene conferring apramycin resistance (Am R) was amplified from p!J773

by PCR using the forward primer (ApraNdepf, 5'-

GAATGGCATATGGTTCATGTGCAGCTCCAT-3' (SEQ ID NO: 17), Ndel site is in

bold) and the reverse primer (ApraSpei pr, 5'-

TCTAGAACTAGTGAATAGGAACTTCGGAAT-3' (SEQ ID NO: 18), Spel site is in

bold). Plasmid pKS-orf1 8ifd-T was linearized by digestion with Ndel and Spel and

then ligated with the similarly restricted fragment AmR to generate the plasmid

pKS-orf1 8ifd-T-Am R(NS) (FIG. 6 ; SEQ D NO: 19).



!ntergeneric conjugation, pXYSOO-based and pKS-based gene disruption

procedures.

The gene disruption plasmids were individually introduced into E. coii S17-1

by transformation and then transferred to S. fungicidicus or its derivatives via

conjugation. Briefly, freshly harvested S. fungicidicus spores were pre-germinated

and £ . coii S 7-1 cells were grown overnight at 37 °C in Terrific broth. Serial

dilutions of the germinated spore suspension were made and 100 L of each

dilution was mixed with an equal volume of E . coii S17-1 harboring the pXY300-

based disruption plasmids. The solutions were plated onto 1SP4 agar plates with

addition of 0 gCi2 and incubated for 22 hours at either 30 or 37 °C. Each

plate was overlaid with 3 mL soft nutrient agar containing sodium nalidixate and

apramycin (0.5 mg/mL) and further incubated at 30 °C for about one week. Isolated

exconjugants that survived antibiotic selection were purified by streaking onto ISP4

agar plates supplemented with sodium nalidixate and apramycin (50 Mg/mL each).

To conduct the gene disruption studies with the pXYSOO-based plasmids,

exconjugants were first cultured in TSB liquid medium containing apramycin (5

Mg/mL) at 30 °C for 24 hours at which time the myceiia were harvested,

homogenized and used to inoculate TSB liquid media supplemented with

apramycin (5 Mg/mL). After 3 6 days incubation at 40 °C, the myceiia were

homogenized and plated onto ISP4 agar plates containing apramycin (50 mL)

and incubated at 30 °C for one week. Genomic DNA was isolated from randomly

selected individual surviving colonies and analyzed by either PC or Southern blot

to confirm that single- or double crossover disruption had occurred. For pKS-based

gene disruption and in-frame-deletion plasmids, exconjugants were passed through

three successive rounds of incubations on ISP4 agar plates for sporuiation without

addition of any antibiotic selection in order to stimulate the conversion to double

crossover recombinants. The pKS-based exconjugants were not passed through

the 40 °C temperature selection. The correct construction of all mutants was

confirmed by PCR and/or Southern blot analysis.

Construction of the integrative expression piasmsds pXY1S2-endorf24-camtsr

a d pXY152-endorf24-blatsr,

To ectopicaliy express or†24 in the apramycin resistant mutant carrying the

deletion of orf18 and its flanking regions, the integrative expression p!asmid



pXY1 52-endorf24-biatsr was designed. To construct this p!asmid, a cassette

(camtsr) harboring the chloram phenicol resistance gene and thiostrepton

resistance gene (tsr) was excised from a plasmid pUC57 derivative by digestion

with Sad and Nhel . The camtsr cassette was then ligated with Sad and Nhel

linearized plasmid pXY1 52-endorf24 to yield a new construct pXY1 52-endorf24-

camtsr (FIG. 7 ; SEQ D NO: 20). An ampiciliin resistance gene (bla) was PCR-

ampiified from pBluescript KS using the forward primer (amp2958Swal pf, 5'-

GTGGCAATTTAAATGGAAATGTGCGCGGAA-3' (SEQ D NO: 21) , Swal site is in

bold) and reverse primer (amp1 973Sacl pr, 5'~

TATATAGAGCTCAACTTGGTCTGACAGTTAC-3' (S EQ D NO: 22), Sad site is in

bold) bla was then cloned into the Sad and Swal sites of pXY1 52-endorf24-camtsr

to replace the cassette camtsr with biatsr. The resulting conjugal expression

plasm id was designated pXY1 52-endorf24-blatsr (FIG. 8 ; SEQ D NO: 23).

Co st ruct io of the TnSAT cassette for in vitro transposon mutation

The TnSAT cassette was designed to combine three genetic elements: the

transposon Tn5, or/7 and aac3(IV). Tn5 is specifically and uniquely recognized by

Tn5 transposase (Epicentre) and readily inserts into high G + C Streptomyces DNA

cloned into E. co i p asmids and fosmids (also referred to in US Pat. No. 8 ,188,245

which his hereby incorporated by reference) or/T s required for the conjugal

transfer of DNA from E coli S17-1 to Streptomyces and aac(3)IV is an E coli-

Streptomyces bifunctional selection marker conferring apramycin resistance. Both

o / and aac3(IV) were excised from plasmid p!J773 as a X a fragment and then

cloned into the transposon donor plasmid pMOD™-2(MCS) (Epicentre), previously

linearized with Xba\ . The resulting piasmids pXYTnSATa and pXYTn5ATb only

differ by the orientation of Xbal fragment and were used to prepare the TnSAT

cassette by digestion with PvuW according to the manufacturers specification.

In vitro transposon mutation and selection of mutagenszed fosm d pXYF24D3

and pXYF1 48D1 2

To generate a library of random mutagenized fosmids carrying segments

of the enduracidin biosynthesis cluster for gene replacement studies, in vitro

transposon insertional mutation studies of fosm ids pXYF24 and pXYF1 48 were

performed. Two putative enduracidin biosynthesis regulatory genes, orf1 8 and

or†24, reside on the inserts of fosm ids pXYF24 and pXYF1 48, respectively



(GenBank accession no. DQ403252) The in vitro transposon reaction was

performed at 37 °C for 2 hours after mixing 10 µ (0 5 g) fosmid template DNA, 2

µ (20 ng) TnSAT cassette DNA, 2 µ 10 x reaction buffer, 1 µ Tn5 transposase

and 5 µ sterile water. Transformation of E coli competent cells EPI3Q0 -T1 R

(Epicentre) with the transposon reaction mixture was performed by eiectroporation.

Mutagenized fosmids were selected on LB agar plates supplemented with 00

Mg/mL apramycin. Plates were incubated overnight at 37 °C and surviving colonies

were randomly picked and grown in LB liquid culture with addition of 100 g/mL

apramycin. The mutagenized fosmid DNA from these colonies and control fosmid

pXYF24 or pXYF148 were digested with / d and analyzed by electrophoresis on

1% agarose gels. The TnSAT cassette contains a single /nd site that is useful

when screening for single versus multiple disruption events over the fosmid insert.

No / ?d l l l sites are present in the fosmid inserts of pXYF24 or pXYF148, and only

one Hin site is present in the fosmid vector. Hence, digestion with Hindlll readily

identifies fosmids with a single insertion of TnSAT by the presence of two bands in

the gel. Colonies carrying mutagenized fosmids with a single transposon insertion

were randomly selected and grown in LB liquid culture to permit fosmid isolation

and identification of the disrupted gene. Screening was conducted by sequence

analysis using the primer 5'- AAGGAGAAGAGCCTTCAGAAGGAA-3" (SEQ D NO:

24), which corresponds to a region of the apramycin resistance gene in this

manner, fosmid pXYF24D3 and pXYF148D12 were found to have Tn5AT inserted

into ? at the nucleotide position 28386 and orf24 at the nucleotide position

34333 (GenBank accession no. DQ403252), respectively.

sert o a disruption of orf1 8 and †24 in the i d-type S. fungicidicus ATCC

21013.

The gene replacement fosmids pXYF24D3 and pXYF148D12 were

separately transformed into E. coli S17-1 by eiectroporation and then introduced

into S. fungicidicus by intergeneric conjugation (Mazodier a/., J. Bacteriology

17 1 : 3583-3585, 1989 which is hereby incorporated by reference in its entirety).

Exconjugant colonies surviving apramycin selection were passed through three

successive rounds of sporulation without antibiotic selection on ISP2 agar plates to

create the stable mutant strain via double crossover homologous recombination.

The resulting spores were pooled, diluted and plated on ISP2 agar plates



supplemented with 50 pg/mL apramycin for confirmation of the apramycin

resistance and for use in seed culture and enduracidin production fermentation.

The mutant strain with the insertional disruption of orf18 in S. fungicidicus wild-type

was designated SfpXYF24D3 and the mutant strain with the insertional disruption

of or†24 in S. fungicidicus wild-type was designated SfpXYF148D12.

Production of enduracidin in laboratory sca e and n 10~LJter fermenter.

Laboratory shake flask fermentation conditions for the production of

enduracidin in S. fungicidicus wild-type, B 38 2 (ATCC PTA-1 22342 ) and

derivative strains were as described by Higashide et a/. (J. Antibiotics, 2 : 128-137,

1968) except for the enduracidin production media which was disclosed in a patent

(US Patent No. 4485771). For laboratory scale fermentation, 5 mL TSB was used

for inoculation of the seed culture with freshly harvested streptomycete spores.

Typically 5 to 10 mL of the seed culture incubated on a rotary shaker at 225 rpm

and 30 C for 48 hours and was then transferred to a 50 mL enduracidin production

medium for 10 days continuous fermentation. Production of enduracidin by the wild-

type and derivative strains under closely controlled conditions was also conducted

in 10-liter automatic fermenters.

Table 2 : Comparison of enduracidin (enramycin) yields in wild-type, mutant and

genetically engineered strains of Streptomyces fungicidicus

Extraction of enduracidin from fermentation products for HPLC analysis.

To extract the metabolites for HPLC analysis of enduracidin production, the

fresh myceiia was harvested by centrifugation and washed with deionized water



and re-suspended in 5x volume (ratio of the aqueous methanol ( L) to the wet

mycelial weight (g)) 70% aqueous methanol (pH was adjusted to 3.5 with 1 N HC!).

The suspension was shaken at 200 rpm at room temperature overnight and then

centhfuged at 4000 rpm and 4 °C for 20 minutes. Then 1.4 mL of supernatant from

each sample was transferred to individual 1.5 mL microcentrifuge tubes and

centrifuged at 13,000 rpm at room temperature for 10 minutes. The filtrate was

passed through a 0.22 syringe filter and then analyzed by HPLC. Metabolite

extraction from mycelia produced in 10 L fermenters was conducted on a small

scale equivalent to laboratory fermentations.

HPLC analysis a d endisracidin yield determination.

A 50 µ HPLC sample prepared as describe above was injected onto a

Gemini C column (5 , 4.6x1 50 mm, Phenomenex, Torrance, CA) attached to a

Shimadzu HPLC. Separation was achieved using an 18 min stepwise linear

gradients with solvent A : water + 0 .1% TFA and solvent B : acetonitrile. The flow

rate was 1 m LJ minute starting with 10% B, increasing to 40% B over 10 min, and

then further increasing to 95% B over 8 minutes. The UV region from 200 to 300

n was scanned with a SPD M20A photodiode array detector. Yields of

enduracidins were calculated by comparison with a standard curve constructed

from a stock solution of enduracidin standards in 70% methanol. A series of

injections including 2 , 4 , 6 , 8 , 10 and 12 Q of enduracidin was used to construct

the standard curve using the sum of the absorbance areas for enduracidins A and

B at 230 nm. A regression equation was generated from the standard curve and

used to calculate enduracidin yields.

Evaluation of antibacterial activity,

Staphylococcus aureus (ATCC 29213) was used as an indicating

microorganism in the bioassay. Cells were used to inoculate LB broth, grown at 37

°C overnight, and then 100 µ of the culture was mixed with 5 mL of the top agar

(mixture of equal volumes of nutrient agar and nutrient broth). The top agar was

overlaid onto a nutrient agar plate in which appropriately spaced wells were made

by cutting out the agar plugs. Enduracidin standards and aliquots of culture

extractions were dissolved or diluted in 50% MeOH at a concentration of 20 jug/mL,

and 100 µ of each solution was loaded into the wells. After incubating the plates at



3 / °C for 18 hours, the zones of inhibition were observed and compared, and the

plates photographed or stored at 4 °C.

Example 2

Disruption of rf 8 and f24 so wild-type S. fungicidicus a d effect on

enduracidin production

This example describes the disruption of orfl 8 and orf24 in wild-type S.

fungicidicus and the effect on enduracidin production.

A 118,000 bp DNA sequence from the wild-type S. fungicidicus ATCC 2101 3

that harbors the enduracidin biosynthetic gene duster and its flanking regions (US.

Pat. No. 8,188,245 which is hereby incorporated by reference in its entirety) was

previously identified and is available in GenBank (accession No. DQ403252). Among

the 48 annotated orfs are eight putative regulatory genes: orf5, orf12, orfl 8 , orf22,

24, orf41, orf42 and or†43. To decipher the role of each of the gene products in

enduracidin production, fosmid inserts carrying segments of the enduracidin cluster

harboring these putative regulatory genes were randomly mutated using a

transposon-mediated insertion of an apramycin resistance marker as described in

Example 1.

The subsequent screening for apramycin resistance and insert location

among E. coii colonies carrying mutagenized fosmids identified pXYF24D3 to carry

the disrupted orf18 and pXYF148D12 to harbor the disrupted or†24. A single

insertional mutation in each of these fosmids and the site of the insertion was

confirmed by sequencing. These two mutagenized fosmids were then individually

introduced by conjugation into the S. fungicidicus wild-type strain. Exconjugants

showing apramycin resistance were then passed through three rounds of sporulation

on SP2 agar without addition of any antibiotic selection to promote conversion of the

single crossover homologous recombination to double crossover mutation. The

resulting stable mutant strains SfpXYF24D3 and SfpXYF148D12 were fermented in

enduracidin production medium (EPM) on laboratory scale in shake flasks HPLC

analysis of the 70% methanol extraction of the myce!ia from 10 days fermentation

revealed an increase of 1.3-fold in enduracidin yield by the orfl 8-disrupted strain

SfpXYF24D3 and the complete loss of enduracidin production by strain



SfpXYF148D12 having a disrupted or†24. The myceiia extracts were also evaluated

for activity towards S. aureus. The orf18 disruptant SfpXYF24D3 retained activity

whereas the or†24 disruptant SfpXYF148D12 lost activity towards S. aureus.

Example 3

Construction of the recombinant strain SfpXYI 52-endorf24 and effect on

enduracidin production

This example describes the construction of the recombinant strain SfpXYI 52-

endorf24 and the ability of this strain to produce enduracidin.

The loss of enduracidin production in the mutant strain SfpXYF148D12

indicated a possible regulatory role for orf24. A BLAST search of the GenBank

database using the Grf24 protein sequence revealed high sequence similarity with

a pathway-specific regulatory protein, StrR, involved in streptomycin biosynthesis.

A sequence alignment between Qrf24 and StrR showed the proteins share a

significant similarity (54% aa identity, FIG. 9). The loss of enduracidin production

upon or†24 disruption and the similarity with StrR indicate that Grf24 may act as a

pathway-specific activator in enduracidin production.

To explore the role of or†24 as a positive regulatory target for strain

improvement, the integrative expression p!asmid pXY152-endorf24 (FIG. 2) was

constructed (Example 1) . Plasmid pXY1 52-endorf24 was introduced into wild-type

S. fungicidicus by conjugation and exconjugants were screened for the apramycin

resistance phenotype, leading to the identification of the new recombinant strain

SfpXYI 52-endorf24. At least ten independent exconjugant colonies from this strain

were randomly selected and purified. These colony strains carry the pXY152-

endorf24 plasmid integrated into an attB site on the S. fungicidicus chromosome by

single crossover homologous recombination with the a site on the plasmid.

To investigate the metabolites produced by the recombinant strains, spores

from two colony strains were inoculated into TSB seed culture and then transferred

to enduracidin production medium for laboratory scale fermentation. HPLC analysis

of the 70% methanol extracts of the harvested myceiia revealed a 2-fold increase

(60 mg/L) in the enduracidin production by both recombinant strains compared to

the wild-type strain (30 mg/L). The elevated yields of enduracidin observed in these



colony strains that are capable of overexpressing orf24 is further evidence of the

positive regulatory role this gene has in enduracidin production and the results are

consistent with those obtained from the disruption of orf24 that led to the loss of

enduracidin production.

Example 4

Co structio of the strain B1VI38-2.24/1 overexpressing orf24 in S.

fungicidicus BM38-2 fATCC FTA- 2342) and effect on enduracidin

production

This example describes construction of the strain BM38-2.24/16 (ATCC

Deposit No. PTA-1 24006 ) , overexpressing orf24 in S. fungicidicus B 38-2 (ATCC

PTA-122342 ) and effect on enduracidin production.

To further explore the positive regulatory role of Orf24, plasmid pXY1 52-

endorf24 was incorporated into the chromosome of the commercial production

strain S fungicidicus B 38-2 (ATCC PTA-122342), as described above for the

wild-type organism. Selection of exconjugants exhibiting the apramycin resistance

phenotype yielded a number of recombinant colony strains, including S.

fungicidicus BM38-2.24/16, capable of producing elevated enduracidin levels up to

200 mg/L (for a 3.3-fold increase over BM38-2 (ATCC PTA-122342)) in laboratory

shake flask cultures. S. fungicidicus B 38-2-24/1 6 was selected for further

evaluation of enduracidin production capacity based on yields during the

preliminary screening.

Enduracidin production by recombinant strain S. fungicidicus B 38-2.24/1 6

in laboratory shake flask cultures showed clear potential for significant

improvement over B 38-2 (ATCC PTA-122342) and yields were also observed to

vary greatly. To more closely control culture conditions over the 10 day growth

period, including pH and dissolved oxygen that are not easily managed in shake

flasks, production was evaluated through multiple runs in 10L fermenters. Under

these more closely controlled conditions, the yields were more consistent and

triplicate 10L fermentations averaged 375 mg/mL (4.6-fold of B 38 2 (ATCC PTA-

122342)). The increased enduracidin yields in the recombinant strain S.



fungicidicus B 38-2 24/1 6 (ATCC Deposit No. PTA-124006) further support a

positive upregulation role of Grf24 in enduracidin production.

Example 6

Construction of the deletion mutant strain B 38 1, pfr A R and the effect

on enduracidin production

This example describes construction of the deletion mutant strain B 38-

2.18pfrd-AmR (ATCC Deposit No. PTA-124007) and the effect on enduracidin

production.

orfl 8 is located in the upstream region of the enduracidin biosynthetic gene

cluster (GenBank accession no DQ403252). Orf18 appears to have a negative role

in enduracidin production inasmuch as insertional disruption of the gene in the

mutant strain SfpXYF24D3 elevated the yield of enduracidin. Based on this

observation, constructs were designed for the deletion of orf18 alone and orf18 and

portions of its flanking regions. For this purpose, plasmid pKS-T-orf1 8pfrd-AmR

was constructed (FIG. 5). This pKS vector-derived plasmid possesses neither a

streptomycete replicon nor an element for integration into the streptomycete

chromosome it can only exchange its insert with a defined segment of DNA in the

host chromosome via double crossover homologous recombination. The insert map

of this plasmid is shown in FIG. 10. orf18 and its flanking regions containing the

entire orf19 and the region coding for the N-terminal portion of orfl 7 is deleted in

plasmid pKS-T-orf18pfrd-AmR. The 1-kb left arm contains the region coding for the

C-terminal portion of orfl 7 and its downstream region and the 1-kb right arm

contains a partial segment of orf20 coding for the N-terminal region. Therefore the

deletion after double crossover homologous recombination resulted in a

recombinant strain where the entire orf18 plus orf19 and the region coding for the

N-terminai portion of orfl are deleted and replaced with the apramycin resistant

gene.

Plasmid pKS-T-orf18pfrd-AmR was conjugally introduced into S. fungicidicus

BM38-2 (ATCC PTA-122342) and single and double crossover homologous

recombination was promoted on ISP4 agar plates without apramycin

supplementation. Exconjugants that were able to survive subsequent apramycin



selection were purified and this new recombinant strain was designated B 38-

2.18pfrd-AmR (ATCC Deposit No PTA-124007). Spores from this strain were

inoculated into TSB medium for seed culture and then transferred into enduracidin

production medium. After 10 days fermentation the mycelia were harvested,

processed and analyzed by HPLC. Relative to the parent strain B 38-2 (ATCC

PTA-122342), an increase of 1.2-fold in enduracidin production was observed from

these laboratory scale fermentations. The relative increase in yield is similar to that

observed with the wild-type derived strain SfpXYF24D3 and the results imply that

orf19 and orf17, which flank or†18 and were affected in the construction of B 38-

2.18pfrd-AmR, have little or no effect on enduracidin production. Therefore, the

increased enduracidin production in the recombinant strain BIV138-2.18pfrd-AmR is

due to elimination of the negative regulatory role of Orf18.

Regarding the deletion of orf18 alone with the plasmid pXY300-orf1 8ifd in

BM38-2 (ATCC PTA-122342), difficulties were encountered with positively selecting

the exconjugants and single/double mutants with thiostrepton resistance marker.

Therefore, alternative vector pBluescript KS was used to construct the markerless

gene replacement delivery piasmids such as pKS-T-orf18ifd (FIG. 4) or pKS-

orf18ifd-T, pKS-orf18ifd-T-AmR(NS) (apramycin resistance gene is carried on the

vector instead of insertion into orf18, see FIG 6).

Example 6

Development of the pKS-derived gene nact vats vector pKS-T-orf 8pfrd-

A R series

This example describes development of pKS-derived gene inactivation

vector pKS-T-orf18pfrd-AmR series.

A series of pKS-derived gene inactivation vectors were developed (FIGS. 4 ,

5 and 6) that possess the conjugative function and do not require passing

transformants through a high temperature selection to eliminate the plasmid as

some other gene disruption vectors require. These pKS-derived vectors carry a

non-streptomycete repiicon allowing replication in E co!i and can maintain and be

selected with the apramcyin resistance marker in Streptomyces and E. coii or

ampiciliin in E. coll. They produced copious stable copies of recombinant piasmids



in E. coli for conjugation and they have been designed with several rare and unique

restriction sites found in streptomycete DNA, such as Pad, Hin , Nhe\, and al,

that can be conveniently used to assembly the target DNA into the plasmid for

insertional gene disruption and in-frame-deletion studies.

Example 7

Development of pSET152-derived integrative ge e expression vectors

pXY1 52-endorf24-camtsr and pXY152-endorf24-blatsr

This example describes development of pSET152-derived integrative gene

expression vectors pXY152-endorf24-camtsr (SEQ D NO: 20) and pXY152-

endorf24-blatsr (SEQ ID NO: 23).

Two new vectors, pXY1 52-endorf24-camtsr (FIG. 7) and pXY152-endorf24-

blatsr (FIG. 8) were developed. They possess conjugative and integrative functions

like vector pSET152, the most widely used integrative vector for streptomycete

gene expression and complementation. Both these vectors carry several restriction

sites that are rare in Streptomyces DNA for convenient cloning and assembly of the

expression construct. Vector pXY152-endorf24-camtsr can be maintained and

selected in E. coil with chloramphenicol at 12.5 Mg/mL and in Streptomyces with

thiostrepton at 50 Mg/mL. Vector pXY152-endorf24-blatsr can be maintained and

selected in E. coli with ampicillin and in Streptomyces thiostrepton.

Summary of Examples 1-6:

Genetic manipulation of Str@ptomyces regulatory and biosynthesis genes for

strain improvement

Among the numerous microbial producers of natural products, approximately

75% of the known microbial antibiotics are produced by actinomycetes.

Streptomyces, Gram-positive filamentous soil bacteria, are members of the

actinomycete family and are known for their unrivaled ability to produce a versatile

array of structurally diverse, pharmacologically and biologically active secondary

metabolites. Polyketides produced by polyketide synthases (PKS) and peptide

natural products made by nonribosomal peptide synthetases (NRPS) are

representatives.



Research on natural product antibiotic biosynthesis has some common

challenges: first, how to overcome the typical low production of the parent or

structurally modified compounds produced by the wild-type or genetically

engineered strains; second, how to activate the many cryptic or orphan secondary

metabolite biosynthetic pathways identified from genome sequences so the

biological function of the products can be studied. Advances in the study of natural

product antibiotic biosynthesis over the past decades have indicated that

production of secondary metabolites is regulated by many pathways. For example,

the precursor and structural assembly biosynthetic genes (such as PKS and

NRPS), regulatory genes and self-resistance genes can be clustered on the

bacterial chromosome. Antibiotic production may be regulated by pathway specific

regulatory genes, including activators and/or repressors, pieiotropic ectopic

regulatory genes, and two-component regulatory systems. Mutations occurring in

any of these regulatory genes or systems may increase, decrease or completely

abolish antibiotic production. Cryptic biosynthetic pathway can be activated by an

unpredicted mutation leading to the production of a previously unknown product.

Strain improvement may play an important role in the cost effective industrial

scale production of antibiotics or other microbial secondary metabolites. utant

strains able to produce increased yields of particular metabolites can be generated

through random mutations or by targeted disruption of specific genes or by the

introduction of gene(s) that eliminate bottlenecks in a biosynthesis pathway.

Genetic manipulation of positive and negative regulatory genes, as well as

biosynthetic genes, to generate hyper-production of a targeted secondary

metabolites has been proven to be a powerful and highly successful strategy of

actinomycete strain improvement.

in the current disclosure, the positive regulatory role of or†24 and the

negative regulatory role of orf18 on enduracidin production was demonstrated.

Targeted insertionai inactivation of or†24 resulted in a complete loss of enduracidin

production in the recombinant strain SfpXYF148D12. Subsequent overexpression

of orf24 under the control of the strong constitutive promoter ermE*p in the

recombinant strains SfpXY152-endorf24 and BM38-2.24/16 led to increases in

enduracidin yields of approximately 2 to 4.6-fold. The deletion of orf18 and its

flanking regions, including the entire orf19 and a portion of orf , increased



enduracidin yields by 2-fold. These results provided strong genetic evidence in

support of the roles of or†24 and orfl 8 as positive activator and negative repressor,

respectively, in enduracidin biosynthesis.

Orf24 orthologs have bee fu ct io ally confirmed from other antibiotic

biosynthesis pathways

A BLAST query with Orf24 protein sequence against GenBank database

revealed hundreds of hits (GenBank accession no. DQ403252). Many show very

high amino acid similarity (from 60% to 99% identities) and are annotated as

transcriptional regulators in the biosynthesis of the aminoglycoside antibiotic

streptomycin. However, none of this group of genes has had the function verified

experimentally. Analysis of the BLAST results identified several related proteins

that share a lower similarity (over 40% but below 60% aa identity) to Orf24 that

were functionally characterized. These include the well-characterized protein StrR

which shares a lower but significant similarity (54% aa identities in 3 1 1 aa overiap)

with Orf24. StrR has been genetically and biochemically demonstrated to function

as a pathway specific positive activator of the expression of the streptomycin

biosynthesis genes in Streptomyces griseus. StrR represents a family of pathway-

specific activators, a handful of which have been characterized by either genetic

manipulation or biochemical studies. FIG. 11 shows the alignment of Orf24 with six

functionally confirmed actinomycete StrR-like proteins. A typical and highly

conserved heiix-furn-heiix (HTH) DNA-binding domain is present in all seven

proteins as underlined in FIG. 11. Orf24 also shares a significant sequence

similarity (54% aa identities) to Teil15* , a pathway specific activator governing

biosynthesis of the nonribosomally generated giycopeptide antibiotic teicopianin.

Tei15* positively regulates the transcription of at least 17 genes in the teicopianin

cluster. The wild-type Actinoplanes teichomyceticus produces about 100 mg/L of

teicopianin whereas the genetic recombinant strains, derived from the parent A.

teichomyceticus and carrying e/ 5* expressed under the control of different

promoters, increased teicopianin yield to 1 g/L in the case of ermE*p promoter and

to 4 g/L in the case of the native apramycin resistance gene promoter.

As illustrated in FIG. 11, Orf24 also shares a significant sequence similarity

(54% aa identities) to Bbr, from the balhimycin giycopeptide antibiotic biosynthesis

cluster; to KasT (50% aa identities) governing the expression of aminoglycoside



antibiotic kasugamycin biosynthesis genes; and NovG (45% aa identities) the

pathway specific activator involved in novobiocin biosynthesis. The AnovG mutant

produced only 2% as much novobiocin as wild-type and overexpression of novG

from a multi-copy piasmid in the recombinant strain led to a three-fold increase in

the novobiocin production. Grf24 also shares 42% aa identities with SgcR1 , one of

four regulator genes (sgcR1, sgcR2, sgcR3 and sgcR) experimentally confirmed to

be involved in production of the antitumor antibiotic C-1 027 in S. globisporus.

Overexpression of sgcR1 in S. globisporus SB 022 increased the C-1 027 yield

approximately seven-fold compared to the wild-type strain. Overexpression of the

positive regulator sgcR3 in a recombinant strain resulted in a 30-40% increase in

C-1 027 production in contrast, inactivation of the negative regulator sgcR led to

increases both C-1 027 and heptaene production. Moreover, overexpression of

sgcR1 in the AsgcR mutant strain led to about a seven-fold increase of C-1 027

production. sgcR3 occupies a higher level regulation by control of sgcR1 and

sgcR2 in the hierarchy regulation of C-1 027 production in conclusion, the

disruption and expression effects of or†24 and the comparison of Orf24 with other

functionally characterized orthoiogs indicate Orf24 acts as a pathway specific

positive regulator/activator in enduracidin production.

Orf18 is a putative atypical orpha response regulator arid aiigrss with

f i rsct rsa lly confirmed ortho!ogs

Production of antibiotics in Streptomyces species is tightly regulated by

complex genetic networks that limit the ability of many wild-type antibiotic

producers from generating yields necessary for large-scale, cost-effective industrial

production. One important regulatory mechanism is the two-component signal

transduction systems. Two-component systems include a sensor kinase and a

cognate response regulator. The sensor kinase responds to specific external

environmental stimuli/signals such as stress, nutrition and chemicals, etc., and then

relays the signal to a cytoplasmic response regulator that triggers and activates the

transcription of target genes. A response regulator that is unpaired with a sensor

kinase is designated an orphan response regulator.

Two-component systems and orphan response regulators are present in

streptomycete genomes and can function to repress secondary metabolite

production in the enduracidin gene cluster from S. fungicidicus, or†1 8 encodes a



putative orphan response regulator that shares a low to moderate sequence

similarity to three other characterized Streptomyces response regulators including

one orphan response regulator, SC03818, from S. coelicolor (FIG. 12). Orf1 8 has a

longer N-terminal sequence compared to the other aligned proteins and appears to

be an atypical orphan response regulator because a highly conserved lysine at

position 118 (relative to the common position 105) is absent in Orf1 8 and replaced

with a threonine. The lysine is proposed to be required for forming the

phosphorylation pocket.

Only a few streptomycete response regulators have been functionally

characterized. The S. coelicolor genome contains a total of five atypical and seven

typical orphan response regulators. Orf1 8 shares 26% aa identities in 1 1 aa

overlap with AbsA2 The deletion of AbsA2 in S. coelicolor resulted in increased

production of two antibiotics, actinorhodin and undecyiprodigiosin. Orf18 shows

32% aa identities in 176 aa overlap with SC0381 8 . Deletion of sco3818 led to

enhanced production of actinorhodin. Orf18 shares 29% aa identities in 168 overlap

aa with SC01745 (AbrA2). Deletion of the AbrA2-containing-response regulator

operon resulted in 100% increase of the antitumor antibiotic oviedomycin in the

recombinant strain S. coelicolor M145 compared to the wild-type producer. The

observed negative regulatory role of Orf18 in enduracidin production is consistent

with the demonstrated activities of the related negative regulators (FIG. 12). In

addition, it is noticed that Orf18 shares the highest protein sequence similarity with

the members of the LuxR family of transcriptional regulators in the BLAST search.

Absence of polar effects in the muta t B 38-1.orf 8pf r ~A

The deleted region in the mutant BM38-1 .18pfrd-AmR strain involves three

genes, or†18, the region coding for the N-terminai portion of orl 7 located

downstream of orf18, and the entire orf19 located upstream of orf18 (FIGS. 5 and

10). orf17 s predicted to encode a ribonuclease apparently having no function

related to the biosynthesis or regulation of enduracidin. Also, the apramycin

resistance gene replacing orf18 and its flanking region is transcribed divergently

with off? 7 and should not create any read-through events from the apramycin



resistance gene promoter. Therefore, there should be no polar effects resulting

from the partial deletion of orf17.

orf19 is transcribed and translated in the same direction as o 18. This gene

is annotated to encode a protein of unknown function. The mutant strain

SfpXYF24D3 carrying the disruption of orf18 alone and the mutant B 38- .18pfrd-

AmR carrying the deletion of orf18 and orf19 together have similarly enhanced

effects on enduracidin production which implies orf19 has no role or a negligible

role in enduracidin production. The gene orf20 is located upstream of orf and

transcribed and translated in the same direction as the inserted apramycin

resistance marker (FIG. 10) or†20 is still intact in BM38-1 .18pfrd-AmR and the

product apparently does not have a role in enduracidin production. Therefore any

polar effects on the expression of orf Oare not believed to be responsible for the

enhanced enduracidin production in BM38-1 .18pfrd-AmR.

Example 7

Further applications a d manipulations of orf24 arid/or orf18 for enhanced

endisracidin producing strains

in addition to the examples provided above, there are other possible ways to

utilize the regulatory roles of orf24 and orf18 to improve the enduracidin production.

i. Expression of orf24 under a alternative, constitutive or

inducible overexpression promoter

pXY152-endorf24 (shown in FIG. 2) was constructed for the integrative

ectopic expression of orf24 under the control of ermE*p, a widely used

streptomycete strong constitutive expression promoter. The overexpression of

orf24 may also be driven by other constitutive or inducible promoters. The tipA

promoter is a thiostrepton inducible overexpression streptomycete promoter. A

multicopy tipA promoter-containing E . coli-Streptomyces shuttle p as id, pXY200,

was developed that has been successfully used for overexpression of

streptomycete genes. For applications relevant to this disclosure, the tipA promoter

can be excised from pXY200 and cloned into pXY152 to replace ermE * and drive

the expression of orf24. Likewise, orf24 can be easily transferred from pXY152-

endorf24 to pXY200 for piasmid-based expression. Other promoter options include,

but are not limited to, the P(n/M)-NitR system and the streptomycete promoter



SF 4 Recently, the integrative p!asmid pKC1 39 and the native promoter of the

apramycin resistant gene were successfully used to express regulatory genes for

hyperproduction of the peptide antibiotic teicoplanin. The regulatory gene sanG

encodes a pathway specific activator for nikkomycin production. The expression of

an extra copy of sanG under the control of five different promoters dB, Ptc 83o,

sF , em E' and Pneos) led to increases in nikkomycin yields by 69%, 5 1% , 26%,

22%, and 13%, respectively (see Du et al., Applied Microbiology and Biotechnology

97: 6383-6396, 2013).

ii, Double mutant strains of S, f ng ici ic s with deletion of or†18

a d overexpression of orf24

With both the orf18 deletion mutant and the orf24 overexpression strains

exhibiting increased enduracidin production, a double mutant containing both can

be generated and whether an additive effect on the yield of this peptide antibiotic is

observed. The double mutant can be created by introducing the overexpression

piasmid ρΧΥ 52-endorf24-blatsr (FIG. 8) into the mutant B 38 2. 8pfrd-AmR.

pXY1 52-endorf24-biatsr is a conjugal integrative piasmid carrying a thiostrepton

resistance gene {tsr) for selection in streptomycetes and ampicillin resistance gene

(bla) for selection in £ . coll. Because the E coll strain S 7-1 used for conjugation is

naturally resistant to chloramphenicol (cam), the chloramphenicol resistance

marker in pXY152-endorf24-camtsr (see above) has been replaced with ampicillin

resistance (bla) in order to select S 1 - 1 transformants. Alternatively, pXY152-

endorf24-camtsr and derivatives can be introduced into streptomycetes by using a

different conjugal E. coli strain, ET12567/pUZ8002.

Using either piasmid pXY152-endorf24-biatsr or pXY152-endorf24-camtsr to

introduce the second copy of orf24 into the orf18 deficient mutant, it is possible to

select for the double mutant by thiostrepton resistance. To generate a null orf18 in-

frame-deletion mutant in BM38-2 (ATCC PTA-122342), piasmids pXY300-orf1 8ifd

(FIG. 3) and pKS-orf1 8ifd-T-AmR(NS) (FIG. 6) were constructed for this purpose.

pXY300-orf1 8ifd allows for selection of the orf18 in-frame deletion mutant with

thiostrepton while pKS-orf18ifd-T~AmR(NS) uses apramycin to select in-frame

deletion mutants. Although mutant strains of wild-type S. fungicidicus are readily

selected using the thiostrepton resistance marker, difficulties have been

encountered using this resistance marker in the B 38-2 (ATCC PTA-122342)



strain. Thus, two plasmids, pXY300-orf 18ifd and pKS-orf18ifd-T-AmR(NS), were

constructed for the same purpose.

In view of the many possible embodiments to which the principles of the

disclosed invention may be applied, it should be recognized that the illustrated

embodiments are only preferred examples of the invention and should not be taken

as limiting the scope of the invention. Rather, the scope of the invention is defined by

the following claims. We therefore claim as our invention all that comes within the

scope and spirit of these claims.



We claim:

1. A recombinant strain of Streptomyces fungicidicus comprising one or

more modified genes selected from the group consisting of an augmented open

reading frame-24 (orf24), a diminished open reading frame-18 (orf18), and both an

augmented or†24 and a diminished orf18; wherein an enhanced production of

enduracidin is obtained with the recombinant strain of Streptomyces fungicidicus in

comparison to that obtained with a control Streptomyces fungicidicus strain.

2 . The recombinant strain of claim , wherein the diminished orf18 is

diminished because it has been nulled.

3 . The recombinant strain of claim 2 , wherein the diminished orf18 has

been nulled by a process selected from the group consisting of an in-frame-deletion,

a frame-shift mutation, a point mutation, and any combination thereof.

4 . The recombinant strain of claim 3 , wherein the diminished orf18 has

been nulled by an in-frame deletion.

5 . The recombinant strain of claim 4 , wherein the in-frame deletion is of

nucleotides 5 through 860 of the orf18 (SEQ D NO: 27).

8 . The recombinant strain of any one of claims 1-5, wherein the

augmented ot†24 is operatively linked to a heterologous promoter.

7 . The recombinant strain of claim 6 , wherein the heterologous promoter

is a strong constitutive promoter

8 . The recombinant strain of claim 7 , wherein the strong constitutive

promoter is ermE*p.

9 . The recombinant strain of any one of claims 1-8, wherein the

augmented ORF24 is augmented because it has been overexpressed.



10. The recombinant strain of any one of claims 1-9, wherein the

Streptomyces fungicidicus is Streptomyces fungicidicus ATCC 21013.

11. The recombinant strain of any one of claims 1-9, wherein the

Streptomyces fungicidicus is Streptomyces fungicidicus ATCC PTA-122342.

12. The recombinant strain of any one of claims 1-1 1, wherein the

production of enduracidin by the recombinant strain is at least 1.2 fold greater than

the production of enduracidin by the control Streptomyces fungicidicus.

13. The recombinant strain of any one of claims 12, wherein the production

of enduracidin by the recombinant strain is1 .2 to 4.8 fold greater than the production

of enduracidin by the control Streptomyces fungicidicus.

14. The recombinant strain of claim 1 that is BM38-2.24/16 (ATCC Deposit

No. PTA-124006).

15. The recombinant strain of claim 1 that is BM38-2.18pfrd-AmR (ATCC

Deposit No. PTA-124007).

16. A method of producing enduracidin, comprising culturing the

recombinant strain of Streptomyces fungicidicus of any one of claims 1-15 under

conditions sufficient for producing enduracidin.

17 . The method of claim 16 , further comprising isolating the enduracidin

from the culture medium.

18. A disruption vector comprising an open reading frame orf18 (SEQ D

NO: 37) which has been nulled.



19. The disruption vector of ciaim 18, wherein the orf18 has been nulled by

a process selected from the group consisting of an in-frame-deletion, a frame-shift

mutation, a point mutation, and any combination thereof.

20. The disruption vector of claim 19, wherein the orf18 has been nulled by

an in-frame deletion.

2 1. The disruption vector of claim 20, wherein the in-frame deletion is of

nucleotides 5 through 660 of or†18 (SEQ D NO: 27).

22. An expression vector comprising an augmented open reading frame

orf24 (SEQ D NO: 38).

23. The expression vector of claim 22, wherein the augmented orf24 is

operatively linked to a heterologous promoter.

24. The expression vector of claim 23, wherein the heterologous promoter

is a strong constitutive promoter.

25. The expression vector of claim 24, wherein the strong constitutive

promoter is ermE*p.

26. The expression vector of claim 22, wherein the expression vector is

selected from the group consisting of pXY152~endorf24 (SEQ D NO:3), pXY152-

endorf24-camtsr (SEQ ID NO: 20), and pXY1 52-endorf24-blatsr (SEQ ID NO: 23).

27. The disruption vector of claim 18, selected from the group consisting of

pXY300-orf 1Sifd (SEQ D NO: 8), pKS-T-orf1 8ifd (SEQ D NO: 11), pKS-T-orf18pfrd-

AmR (SEQ D NO: 14), and pKS-orf1 8ifd-T-AmR(NS)(SEQ ID NO: 19).
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