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ABSTRACT

The present invention is directed to novel antifungal glyco-
peptide compounds and salts thereof produced by a strain of
Burkholderia contaminans useful for preventing or treating
fungal infection or disease in animals and plants and the
bacterial strain that produces the compounds.
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OCCIDIOFUNGIN, A UNIQUE ANTIFUNGAL
GLYCOPEPTIDE PRODUCED BY A STRAIN
OF BURKHOLDERIA CONTAMINANS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from U.S. Provi-
sional Patent Application Ser. No. 61/217,026 filed May 26,
2009. The entirety of that provisional application is incorpo-
rated herein by reference.

STATEMENT OF GOVERNMENT SUPPORT

[0002] This invention was made with government support
under 0204332 awarded by the Cooperative State Research,
Education, and Extension Service, USDA. The government
may have certain rights in the invention.

FIELD OF THE INVENTION

[0003] This invention relates to the field of antifungal com-
pounds and their therapeutic use in the prevention or treat-
ment of fungal infections and diseases. The invention relates
to the use of the novel antifungal compounds as pharmaceu-
tical and agricultural fungicides for animals and plants. The
invention further relates to the bacterial strain that produces
the new antifungal compounds.

BACKGROUND OF THE INVENTION

[0004] The present invention provides novel antifungal
glycopeptides compounds for preventing or treating fungal
infection and at least one novel amino acid residue related
thereto. The present invention in a preferred embodiment also
provides a pharmaceutical and agricultural composition that
comprises the novel compounds and salts thereof for treating
or preventing fungal infection. The invention in a further
embodiment provides for the new bacterial strain that pro-
duces the new antifungal compounds.

[0005] There is a growing demand for new antifungals,
given the increasing prevalence of pathogens resistant to cur-
rent antifungal agents. Four major therapeutic groups of anti-
fungal agents currently exist: polyene antifungals, azole anti-
fungals, allylamine antifungals, and the echinocandins. The
first three groups primarily target ergosterol production or
bind to ergosterol, disrupting the fungal membrane. Ergos-
terol, much like cholesterol found in mammalian cells, is
important for maintaining proper cell permeability and fluid-
ity. The echinocandins, the fourth group, are synthetically-
modified lipopeptides that originate from the natural com-
pound echinocandin B produced by Aspergillus nidulans. In
fungi, two covalently cross-linked polysaccharides, (1,3)-p-
glucan and chitin, form the primary scatfold that is respon-
sible for the structural integrity and shape of the cell wall. The
echinocandin class of antifungal agents inhibit (1,3)-p-glu-
can synthase, an enzyme complex that polymerizes uridine
diphosphate glucose into (1,3)-p-glucan polymers.

[0006] A striking feature of some strains of Burkholderia is
production of various antifungal compounds, which make the
organism potentially useful for management of fungal dis-
eases. However, isolation of Burkholderia spp. from cystic
fibrosis patients reclassified them as opportunistic pathogens,
consequently preventing the direct use of the bacteria for
fungal disease management. Isolation and identification of
antifungals responsible for the observed plant-disease sup-
pression activities of the Burkholderia strains will provide
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important avenues for the development of biological-based
fungicides, while eliminating potential health risks from
using the bacteria directly. Novel antifungals are needed
because of the importance of fungal infections in immuno-
compromised patients, and the limitations of currently-avail-
able antifungal agents regarding their spectra of activity and
toxicities. In addition, new antifungals are crucial for food
preservation and production of a sufficient and affordable
food supply. In this disclosure, we characterize the structure
and activity of a new antifungal compound named occidio-
fungin, meaning fungal killer. The complete covalent struc-
ture of the antifungal has been elucidated by TOCSY,
NOESY, ROESY, and HSQC 2D NMR spectroscopy experi-
ments. Occidiofungin’s antifungal activity against a variety
of animal and fungal pathogens has been tested and proven.
Additionally, aberrant membrane morphology, similar to
what has been reported for the echinocandins class of anti-
fungals, was observed following exposure to sub-lethal con-
centrations of occidiofungin, suggesting that occidiofungin
also targets the cell envelope. This work provides a substan-
tial base for future experiments aimed at understanding the
compound’s mode of action, as well as investigating occid-
iofungin’s pharmaceutical and agricultural potential.

[0007] Asaresult, aneed exists in the field of fungicides for
new antifungal compounds effective against animal and plant
pathogens that are resistant to typical fungicidal agents. The
present invention provides such a compound and composi-
tion.

SUMMARY OF THE INVENTION

[0008] The present invention provides for novel antifungal
cyclic glycopeptide compounds with the name occidiofun-
gin, a novel amino acid attached thereto, and a composition
comprising such compounds. The present invention is effec-
tive against a broad range of fungal pathogens affecting
humans, animals, and plants. Moreover, the present invention
disrupts normal fungal membrane morphology. The present
invention also provides for a novel bacterial strain that pro-
duces the new antifungal compounds.

[0009] The present invention was purified from bacterial
strain Burkholderia contaminans and includes eight (8)
amino acid residues. Attached to one amino acid is an acyl
group and a xylose sugar. An antifungal composition com-
prises the novel compound(s) and salts thereof and at least
one acceptable carrier or diluent for subject administration. A
method of treating fungal infection or disease comprises
administration of the compound and composition to a subject
for a time and under conditions effective for eliminating or
ameliorating the infection.

[0010] With the foregoing and other objects, features, and
advantages of the present invention that will become apparent
hereinafter, the nature of the invention may be more clearly
understood by reference to the following detailed description
of the preferred embodiments of the invention and to the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These drawings accompany the detailed description
of the invention and are intended to illustrate further the
invention and its advantages. The drawings, which are incor-
porated in and form a portion of the specification, illustrate
certain preferred embodiments of the invention and, together
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with the entire specification, are meant to explain preferred
embodiments of the present invention to those skilled in the
art:

[0012] FIG.1A is anillustration of the covalent structure of
occidiofungin. Representative structures of occidiofungin A
and occidiofungin B are shown.

[0013] FIG. 1B isanillustration of the representative struc-
ture of novel amino acid NAA2. The chemical shift values (in
ppm) are shown next to their respective atoms. NOE values
written next to the circles and arrows designate the proton
interactions. The thick line width represents coupling
between protons identified in the COSYspectrum.

[0014] FIG. 2A is a graphical illustration of the GC chro-
matogram of a standard of xylose (A); internal standard was
added to both samples. Xylose standard showed two peaks
(Xyll and Xyl2).

[0015] FIG. 2B is a graphical illustration of the GC chro-
matogram of the glycan from occidiofungin (B); internal
standard was added to both samples. Occidiofungin glycan
was identified as xylose based on the identical migration
times of both peaks.

[0016] FIG. 3A is a graphical illustration of the TOCSY
NMR spectra of occidiofungin. Expansion of the TOCSY 2D
NMR spectra shows the amide to alpha, and amide to side
chain spin systems for each assigned residue in occidiofungin
A (black) and occidiofungin B (grey).

[0017] FIG. 3B is a graphical illustration of the NOESY
NMR spectra of occidiofungin. Expansion of the NOESY 2D
NMR spectra shows the chemical shifts of the short acyl
group and xylose sugar in occidiofungin. NOEs (colored in
grey) between the protons of acyl carbons 2 and 3 and the H®
proton of the NAA are differentiated by arrows.

[0018] FIG. 4A is a graphical illustration of the NOESY
NMR spectra of occidiofungin. The expansion shows the
amide to alpha, and amide to side chain interactions. The
respective amino acid interactions are labeled next to their
inter-residue NOE’s shown in red. Residues for occidiofun-
gin A and occidiofungin B are presented in black and grey,
respectively.

[0019] FIG. 4B is a graphical illustration of the NOESY
NMR spectra of occidiofungin. The expansion shows the
amide to alpha, and amide to side chain interactions. The
respective amino acid interactions are labeled next to their
inter-residue NOE’s shown in red. Residues for occidiofun-
gin A and occidiofungin B are presented in black and grey,
respectively.

[0020] FIG.5A isatabularillustration of spectrum of activ-
ity for occidiofungin. MIC values are presented for several
plant and animal pathogens. MIC and MIC50 represent 100%
growth inhibition and >50% growth inhibition, respectively.
[0021] FIG. 5B is a pictorial illustration of spectrum of
activity for occidiofungin. A representative bioassay plate is
shown of Geotrichum candidum. Initial concentration in well
Alis 32 ug/ml. and well C2 is the final concentration of 62.5
ng/ml. The last two wells serve as a negative control (no
antifungal compound). Well A4 is a good representation of a
MICS50, in which the growth of the fungus was inhibited by
more than 50%.

[0022] FIG. 6 is a pictorial representation of light micros-
copy. In panel A and B, significant hyphal morphological
changes in Rhizoctonia solani grown in sub-inhibitory con-
centrations (panel A) are notably observed when compared to
control (panel B). Black arrows point to the formation of
intracellular inclusions and the white arrows point to mem-
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brane deformities. In panels C and D, Geotrichum candidum
exposed to 4 pg/ml. of occidiofungin for 48 hours (panel C)
resulted in significant swelling of the cells, as compared to
control (panel D).

[0023] FIG. 7A is apictorial representation of transmission
electron microscopy and shows the untreated control test cell.
Images were taken at a magnification of 8,000.

[0024] FIG. 7B is a pictorial representation of transmission
electron microscopy showing Geotrichum candidum exposed
to 4 pg/ml of occidiofungin for 48 hours, which sample
resulted in remarkable morphological changes as compared
to the untreated control test cell. Cell wall thickness is dras-
tically reduced compare to the control. The exterior cell wall
of treated Geotrichum candidum appears to be sloughing off
(black arrow). The lack of contrast inside the treated sample
(white arrow) suggests that the cell has lysed and effluxed
cellular components. Images were taken at a magnification of
8,000.

[0025] FIG. 7C is a pictorial representation of transmission
electron microscopy which shows a wider view containing
several arthrospores exposed to occidiofungin. Images were
taken at a magnification of 8,000.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The novel antifungal cyclic glycopeptide com-
pounds of the present invention are effective against a broad
range of fungal infections. The compound structures are dis-
closed herein, as well as the structure of at least one novel
amino acid attached thereto.

[0027] Inanother embodiment of the present invention, an
antifungal composition comprises the novel compound(s)
and salts thereof and at least one pharmaceutically or agricul-
turally acceptable carrier or diluent for administration to
human, animal, and/or plant subjects in need of fungicidal
therapy and treatment.

[0028] In yet another embodiment, the present invention
provides for a new isolated bacterial strain that produces
antifungal compounds including the new antifungal com-
pounds described herein.

[0029] For the purposes of this disclosure, abbreviations
are as follows: NMR, nuclear magnetic resonance; NOE,
nuclear Overhauser effect; NOESY, nuclear Overhauser
enhancement spectroscopy; TOCSY, total correlation spec-
troscopy; COSY, correlation spectroscopy; ROESY, rota-
tional frame nuclear Overhauser effect spectroscopy; HSQC,
heteronuclear single quantum coherence; ESI-MS, electro-
spray ionization mass spectrometry; MS/MS, tandem mass
spectrometry; GC, gas chromatography-mass spectrometry;
NRPS, nonribosomal peptide synthetases; NAA, novel amino
acid; and MIC, minimum inhibitory concentration.

[0030] Molecular terms have their common meaning
unless specified otherwise. The term “acyl” is defined as a
carbonyl radical attached to an alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycyl, aryl, or heteroaryl group, examples
including but not limited to radicals such as acetyl and ben-
zoyl. The phrase “therapeutically effective amount” is
defined as a dosage sufficient to induce a fungicidal effect
upon fungi contacted by the compounds or composition. The
amount of the pharmaceutical or agricultural composition
that is therapeutically effective depends on the ingredients
and components comprising the composition and the treat-
ment philosophy.

[0031] For the present invention, bacterial strain Burkhold-
eria contaminans MS14 was isolated from soil that sup-
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pressed brown patch disease of lawn grass. A novel antifungal
compound was purified from the liquid culture of this bacte-
rium. Complete covalent structures of two purified closely-
related antifungal compounds were determined by the experi-
ments of TOCSY, NOESY, ROESY, 13C HSQC 2D NMR,
and ESI-MS and GC. The analysis of monoisotopic masses of
the purified preparation indicated presence of two related
compounds with masses determined to be 1199.543 Da and
1215.518 Da; the difference corresponds to the mass of an
oxygen atom. GC analysis identified a xylose sugar attached
to the antifungal compound. NMR experiments revealed that
the compound is cyclic and composed of eight amino acids,
two of which are -hydroxy derivatives of Tyr and Asn, and
one being a novel amino acid. The novel amino acid serves as
the scaffold for the attachment of the xylose sugar and a short
acyl chain. The spectrum and concentration of antifungal
activity was determined using a microtiter plate assay. The
antifungal compound demonstrated potent antifungal activi-
ties against a broad panel of fungal plant and animal patho-
gens, as well as two Pythium spp. Microscopic observations
showed that the antifungal compound disrupts normal mem-
brane morphology. The fungal cells fill with large inclusion
bodies and the membrane becomes irregularly shaped and
swollen following the exposure to sub-inhibitory concentra-
tions of the antifungal compound. Our data support the iden-
tification of the novel fungicide and the compound has been
named occidiofungin, meaning fungal killer.

[0032] Burkholderia contaminans strain MS14 was previ-
ously isolated from disease-suppressive soil, a soil in which
the soil-borne pathogen causes little or no damage to the host
plant. Initial characterization of this strain showed that it
inhibited the growth of a broad range of fungal pathogens.
Subsequently, transposon mutagenesis identified the
genomic region responsible for the antifungal activity, and a
56-kb genetic DNA fragment was sequenced and partially
deposited into GenBank with the accession number:
EU938698. This genomic region contains several open read-
ing frames, some of which encode regulatory proteins, a
cyclic peptide transporter, a glycosyltransferase, a transami-
nase, and nonribosomal peptide synthetase (NRPS) catalytic
modules. The antifungal compound was then isolated and
amino acid analysis confirmed that the backbone of the anti-
fungal compound is an oligopeptide that is synthesized via a
NRPS mechanism.

Experimental Procedures

[0033] All chemicals were purchased from Sigma (St.
Louis, Mo.) and were the highest grade, unless otherwise
stated. Occidiofungin was produced and purified as previ-
ously described.

Mass Spectrometry. The antifungal compounds in the active
fractions were analyzed by electrospray mass spectrometry
(ESI-MS) using a Micromass Q-TOF II mass spectrometer.
The compounds were dissolved in 50/50 acetonitrile/water
(v/v) with 0.1% formic acid and injected into a 1 ul./min flow
of the same solvent using a Harvard syringe pump. The flow
was sprayed using the nano-L.C interface. Tandem MS (MS/
MS) was performed with singly-charged ions using standard
collision energy (34 V) and higher collision energy (50 V).
Monosaccharide compositional analysis. The monosaccha-
ride in the purified occidiofungin was determined as trifluo-
roacetate of methylglycoside by gas-liquid chromatography.
The analyses were performed with a gas chromatograph
(Model 5890, Hewlett-Packard, Sacramento, Calif.)
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equipped with a 25-m fused silica (0.22-mm inner diameter)
OV-1701 WCOT column (Chrompack, Bridgewater, N.J.)
and electron capture detector. Sugar standards (pentoses, hex-
oses, N-acetylaminohexoses) were processed at the same
time as the test compounds and the sugar in occidiofungin
was determined based on comparison of'its chromatographic
profile with those of the standards. Sorbitol was used as
internal standard.

NMR spectroscopy. Occidiofungin is not soluble in aqueous
solutions at concentrations required for NMR. Therefore, 5
mM samples of occidiofungin were prepared in 50% aceto-
nitrile-d3 (Cambridge Isotopes) and 50% water in a total
volume of 700 pul.. The NMR data were collected on Varian
NMR System with Cold Probe™ spectrometer, operating at a
proton frequency of 800 MHz. The 'H resonances were
assigned according to standard methods using COSY,
TOCSY and NOESY experiments. ROESY and '*C—HSQC
experiments were used to clarify some areas of ambiguity in
the TOCSY and NOESY spectra. TOCSY, NOESY and '*C
HSQC NMR experiments were collected at 25° C. and the
ROESY experiment was collected at 4° C. The carrier fre-
quency was centered on the water resonance, which was
suppressed using the very efficient double-pulsed field gradi-
ent selective echo technique. A 1.5 s relaxation delay was
used between scans. The TOCSY experiment was acquired
with a 60 ms mixing time using the DIPSI-2 sequence. The
NOESY and ROESY experiments were acquired with 400 ms
and 100 ms mixing times, respectively. The parameters for
collecting the HSQC spectrum were optimized to observe
aliphatic CH groups (transfer delay time adjusted for a 140 Hz
coupling constant and **>C offset set to 35 ppm). The spectral
sweep width for the TOCSY, NOESY, and ROESY was 9000
Hz (11.25 ppm) in both dimensions. The spectral sweep
widths for HSQC were 9000.0 Hz (11.25 ppm) in the proton
dimensions and 21,200.0 Hz (105.5 ppm) for the carbon
dimension. All 2D data were collected with 8192 complex
points in the acquisition dimension and between 320 and 512
complex points for the indirect dimensions, except for the
HSQC which was collected with 1024 and 192 complex
points in the direct and indirect dimension, respectively.
Phase sensitive indirect detection for NOESY, ROESY and
TOCSY experiments was achieved using the method of
States-TPPI. A gradient-selected sensitivity-enhanced pulse
sequence was used for collecting the HSQC spectrum. 'H
chemical shifts were referenced to acetonitrile (1.93 ppm).
Data were processed with nmrPipe by first removing the
residual water signal by deconvolution, multiplying the data
in both dimensions by a squared cosine function or a squared
cosine function with a 608 shift (for the 'H dimension of
HSQCQC), zerofilling once, Fourier transformation, and base-
line correction. Data were analyzed with the interactive com-
puter program NMRView. The NOE cross-peak intensities
were measured in NMRView. Distances were calibrated
using the relationship r,%=r_,°(V_../V..,), Where r, is the
distance between atoms a and b, V, is the NOESY a to b
cross-peak volume, V_,; is a known distance, and V_,, is the
corresponding volume of the NOESY calibration cross-peak.
The distance used for calibrations was the f-hydroxy Tyr4 H®
and H® aromatic protons (2.46 A).

Microbial organisms. Fungal strains were obtained from col-
lections at Mississippi State University’s Veterinary Medical
Research and Diagnostic Laboratory System and Entomol-
ogy and Plant Pathology Department or were purchased from
the American Type Culture Collection (Manassas, Va.). Fun-
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gal isolates used in this study were Alternaria alternata,
Aspergillus  fumigatus, Aspergillus niger, Fusarium
oxysporum t. sp. lycopersici ATCC9848, Geotrichum candi-
dum F-260, Macrophomina phaseolina 61, Microsporum
gypseum, Penicillium sp., Rhizoctonia solani MSCOT-1, and
Trichophyton mentagrophytes. In addition, two Pythium spe-
cies were tested: Pythium spinosum 472-04 and Pythium ulti-
mum 671-04.

Antifungal susceptibility testing. Minimum inhibitory con-
centrations were determined by agar micro-dilution testing.
Occidiofungin was serially two-fold diluted (32 pg/mlL to
62.5 ng/ml) with sterile water and was added to flat bottomed
12 well plates. One (1) mL of Sabouraud dextrose agar
Difco™ (BD Diagnostics, Franklin Lakes, N.J.) was added to
each well. Once the agar solidified, the plates were stored
inverted at 4° C. until used. Fungal cultures were grown on
100x15 mm Sabouraud dextrose agar plates (Thermo Fisher
Scientific Remel Products, Lenexa, Kans.) at 22° C. for 7
days. A circular punch, containing a 1 cm in diameter plug of
the fungi from the agar plate, was made from an area of the
plate having a confluent growth of the fungi. The plug was
place in 3 mL of PBS and ground with approximately 30
strokes of a Ten-brock homogenizer. Five (5) uL of the super-
natant was placed in the center of each well and allowed to dry
before incubating the microtiter plates at 22° C. Minimum
inhibitory concentrations were measured at 48 hours for each
species, except for Trichophyton mentagrophytes, which was
measured at 72 hours. MICs were determined as the lowest
concentration that inhibited visible fungal growth. MIC,,
values were determined as a concentration that visibly
reduced colony growth by more than 50% (in diameter) as
compared to the control.

Microscopy. The fungi growing in flat bottomed 12 well
plates described above were used for examination of the
effects of occidiofungin on the fungal hyphae and
arthrospores. For each of the fungi, the hyphae or
arthrospores with an observed MIC,, at 48 hours growing
next to the MIC well were used for preparation of light
microscopy and transmission electron microscopy (TEM)
slides. For light microscopy, lactophenol cotton blue solution
(Sigma) was used as a positive stain and mounting medium
for the slide. For TEM, the G. candidum samples were fixed
at 4° C. with 2.5% glutaraldehyde in 0.1M phosphate buffer
(pH 7.2). After being rinsed with the buffer, specimens were
post-fixed with 2% osmium tetroxide in the phosphate buffer.
The specimens washed with the phosphate bufter were dehy-
drated in graded ethanol serials (50-100%), and then embed-
ded in Spurr’s resin. Thin sections generated with a Reichert-
Jung Ultracut E Ultramicrotome (60-90 nm) were double
stained with uranyl acetate and lead citrate as described pre-
viously. The grids were observed under a transmission elec-
tron microscope Jeol JEM-100CXII (Joel Ltd., Tokyo,
Japan). Images were taken at magnifications between 5,000
and 8,000.

Results

[0034] Occidiofungin is a cyclic glycopeptide. High-reso-
Iution mass spectrometry data revealed the existence of two
structural variants of the antifungal peptide; one having a
monoisotopic mass of 1,199.543 Da and the other having a
monoisotopic mass of 1,215.518 Da which corresponds to the
addition of oxygen to the first compound. These masses are in
accordance with the elucidated structure (calculated
monoisotopic masses of 1,199.5584 and 1,215.5533) shown
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in FIGS. 1A and 1B. Given the presence of two structural
variants, the variants of the antifungal compound are referred
to as occidiofungin A (1,199.5584 Da) and occidiofungin B
(1,215.5533 Da). ESI-TOF MS/MS analysis of the antifungal
compound was inconclusive, as the standard collision energy
resulted only in the loss of glycan and the high collision
energy that was required to fragment the antifungal com-
pound produced a complex series of daughter ions. However,
the fact that high energy of dissociation was required for
fragmentation to occur suggests that the compound is a cyclic
peptide. A standard dissociation method resulted only in a
loss of 149 Da from the parental ion, indicating the presence
of a pentose sugar. GC analysis revealed that the sugar
attached to the oligopeptide is axylose (FIGS. 2A and 2B). As
previously reported, amino acid analysis revealed the pres-
ence ofa lysine. However, we subsequently revealed that this
residue is a 2,4-diaminobutyric acid (DABA). An attempt to
digest the peptide with trypsin was unsuccessful, which sup-
ports our reassignment of the residue (data not shown). Fail-
ure to linearize the antifungal peptide prevented subsequent
ESI-MS analysis.

[0035] NMR proved to be the definitive method for deter-
mining the structure of the antifungal oligopeptide. To deter-
mine the complete covalent structure of the antifungal pep-
tide, we collected TOCSY, NOESY, ROESY, and HSQC data.
The TOCSY and NOESY datasets provided unambiguous
sequential assignments and the ROESY and HSQC dataset
was used as supporting evidence to the proton-based assign-
ments. TOCSY/NOESY datasets revealed the presence of 13
distinct spin systems in the amide proton frequency of the
spectrum. This number of spin systems is more than expected
for an oligopeptide with a mass of 1199 and 1215 Da. Further
analysis of the data set revealed that the oxidized variant,
occidiofungin B, has several distinct spin systems in the
amide frequency of the TOCSY spectrum (FIG. 3A).

[0036] Occidiofungin A is composed of an Asnl-novel
amino acid 2 (NAA2)-Ser3--hydroxy Tyrd-DABAS-Gly6-
Asn7-Ser8 (FIG. 1A). Numerical assignment of the amino
acids is attributed to sequencing data outlining the location of
the thioesterase domain in the NRPS complex; the location of
the thioesterase domain typically designates the C-terminus
of'the oligopeptide. Residues 1 and 7 of occidiofungin A have
a chemical shift pattern characteristic of an Asn residue
(Table 1). NAA2 has a chemical shift pattern characteristic of
a fatty amino acid with a xylose sugar attached (FIGS. 1B and
3B). Given the unique characteristics of this residue, its struc-
ture is discussed separately below. Residue 3 has a chemical
shift pattern characteristic of a Ser residue. Residue 4 is a
modified Tyr residue. The beta carbon is hydroxylated result-
ing in a remarkable downfield shift of the beta proton to 5.16
ppm. NOEs are observed between the delta protons of the
aromatic ring to the beta proton of f-hydroxy Tyr, enabling
definitive assignment of the aromatic proton frequencies.
Residues 5, 6, and 8 have typical chemical shift patterns for
DABA, Gly, and Ser, respectively. Occidiofungin B differs
from occidiofungin A in that the $-carbon of Asn1 is hydroxy-
lated, resulting in a f-hydroxy Asn residue at position 1.
Hydroxylation of the beta carbon resulted in the beta proton
shifting downfield to 4.24 ppm from 2.67 ppm. Furthermore,
hydroxylation of beta carbon of Asnl resulted in noticeable
changes in the chemical shifts in the amide proton frequency
of'the NAA2, Ser3, Asn7, and Ser8, suggesting differences in
the overall conformation of occidiofungin A and occidiofun-
gin B. Definitive assignment of all the Asn residues and the
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p-hydroxy Asn residue in the antifungal compound came
from the ROESY dataset in which ROEs from the beta pro-
tons to the delta protons of the amino group were observed
(data not shown).

[0037] Residues 1 through 8 of occidiofungin A and occid-
iofungin B were sequentially assigned through an H*, and HP,
to HY,,, sequential walk. NOE connectivities are shown in
red in FIGS. 4A and 4B for occidiofungin A and occidiofun-
gin B. A complete sequential walk could be done for both
variants of occidiofungin. NOEs exist between H* and HF of
Asnl and the H* of f-hydroxy Asnl to H" of the NAA2 of
each variant. NOEs exist between protons on carbons 2, 3,
and 4 (2.41, 4.28, and 1.39 ppm) of NAA2 to H” of Ser3 of
each variant. Ser3 has an H* proton NOE to HY of -hydroxy
Tyr4. NOEs exist between H* and HP of B-hydroxy Tyr4 and
2,4-diaminobutyric acid 5 (DABAS) to HY of DABAS and
Gly6, respectively. Gly6 has an H* proton NOE to HY of Asn7
of each variant. Additional NOEs exist between H* and HP of
Asn7 and H" of Ser8 of each variant. Furthermore, evidence
of the cyclic nature of the oligopeptide comes from NOEs
between H* of Ser8 of occidiofungin A and H* and HP of Ser8
of occidiofungin B to HY of Asn1 and H of f-hydroxy Asnl,
respectively. HY, to H",,, NOEs were observed between
NAA2 to Ser3, DABAS to Gly6, Gly6 to Asn7, and Asn7 to
Ser8 for both occidiofungin A and occidiofungin B (data not
shown). Additional HY, to H",,, NOEs were observed
between Asnl to NAA2 and p-hydroxy Asnl to NAA2 for
occidiofungin A and occidiofungin B, respectively.

[0038] Due to the unique structure, a schematic of residue 2
is provided in FIG. 1B. The structural base of NAA2 is a
Carbon 18 fatty acid. Presumably, this residue is formed by
the ketoacyl synthase and transaminase found in the genomic
region responsible for the synthesis of the antifungal com-
pound (Gu, Smith, and Lu, unpublished). Using the elemental
assignments of the carbonyl as reference for the first carbon,
the chemical shift assignments for carbon 1 through 18 is
supported by NOE data. NOEs between protons on carbons 2,
3,and 4 (2.41, 4.28, and 1.39 ppm) of NAA2 to H" of Ser3 are
observed. The intensities of the NOEs decrease as the dis-
tances of the protons to the HY of Ser3 increase (FIG. 1B).
Furthermore, the terminal amino group on the novel amino
acid residue is covalently linked to the preceding Asn resi-
due’s carbonyl group, as observed by the NOEs described
above. Analyses of the chemical shifts in this region suggest
that the NAA2 provides the base for attaching the xylose
sugar (Table 1). The data support the presence of hydroxyl
groups on carbons 5 and 6 (69.7 and 76.8 ppm) and attach-
ment of the xylose sugar to carbon 7 (78.59 ppm) of the novel
amino acid residue. The predicted chemical shift value for
protons on a saturated carbon in this region would be approxi-
mately 1.7 ppm. The protons on carbons 5, 6 and 7 are
significantly shifted downstream of this predicted value to
3.56 ppm, 3.16 ppm, and 3.84 ppm, respectively. The change
in the chemical shifts of these protons suggests the presence
of an electron withdrawing group, such as oxygen in their
vicinity. It is predicted that the double bonded oxygen on
carbons 5, 6, and 7, which would be present as part of fatty
acid synthesis by the ketoacyl synthase, are reduced to a
hydroxyl group, and subsequently the xylose sugar is
attached to carbon 7 (78.59 ppm) via condensation reaction.
NOEs between the terminal fatty acid protons (1.55 and 1.23
ppm) exist to the proton on carbon 6 (3.16 ppm) of the novel
amino acid residue (FIG. 1B), supporting the assignments.
The Ser8 residue in the molecule could also support the
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attachment of the xylose. However, the lack of any notable
changes in its predicted chemical shift values adds signifi-
cance to the dramatic downstream shift of the Hs proton
observed in NAA2. The attachment of the xylose to other
residues in the molecule would result in a loss of oxygen on
the xylose molecule, resulting in a lower mass than what was
observed in the mass spectrometry data described above.
Consequently, carbon 7 (78.59 ppm) of NAA2 is the most
plausible attachment site for the xylose. The HSQC data
provided additional correlation between the protons of the
NAA2 to the carbon resonances of the modified residue. For
instance, the carbon resonance for carbon 4 had two distin-
guishable protons with resonances of 1.89 and 1.39 ppm
(FIGS. 1A and 1B).

[0039] Occidiofungin has a broad spectrum of antifungal
activity. Occidiofungin demonstrated significant antifungal
activity against a broad array of fungal plant and animal
pathogens (FIGS. 5A and 5B). R. solari was the most sensi-
tive of the fungi tested with an MIC of 2 pg/ml. and exhibited
significant growth inhibition at a concentration of 0.5 pg/mL.
A. fumigatus and A. niger, which are common causes of
invasive pulmonary aspergillosis, both were highly suscep-
tible to occidiofungin with a MIC of 8 ug/ml. and 4 pg/ml.,,
respectively. Two related fungi, Microsporum gypseum and
Trichophyton mentagrophytes which are both associated with
dermatophytosis, were sensitive to occidiofungin with MICs
of 4 pg/ml.. Additional pathogenic fungi, Penicillium sp.,
Alternaria alternata and Macrophomina phaseolina, were
shown to be sensitive to occidiofungin with an MIC of 32
pg/ml., 8 ng/ml. and 2 pg/ml., respectively. The fungus F.
oxysporum was the least sensitive to occidiofungin with a
MIC>32 pug/mL. However, significant growth inhibition was
observed at 16 ug/ml.. G. candidum, a yeast pathogen of
plants and animals, was significantly inhibited having an MIC
of 8 pug/ml. and remarkable growth inhibition at 4 pg/mL
(F1G.5B). P. spinosum and P. ultimum were the most sensitive
to occidiofungin, with a MIC of 1 pg/ml. and 2 pg/ml,,
respectively. These data indicate that occidiofungin has pos-
sible application as a potent broad spectrum antifungal agent
against plant and animal fungal pathogens.

[0040] Occidiofungin alters membrane integrity. Hyphae
and cells of equivalent age were used in these studies. Hyphae
of R. solani growing in subinhibitory concentrations of occid-
iofungin (0.5 pg/ml.) were compared to hyphae of R. solani
growing in the absence of the antifungal compound. There
was more than a 50% reduction in growth of R. solani at this
concentration (FIG. 5A). Occidiofungin induced significant
hyphal morphological changes, with one of the most notable
changes being the formation of intracellular inclusions (FIG.
6, panels A and B, black arrows). Another noticeable differ-
ence was the deformation of the tips of the hyphae and the
undulated pattern ofthe cell membrane following exposure to
occidiofungin (FIG. 6, panels A and B, white arrows). The
same observation was made on hyphae morphology of M
phaseolina grown under subinhibitory concentrations (not
shown). Arthrospores of G. candidum exposed to 4 ug/ml of
occidiofungin for 48 hours showed amorphous shapes due to
cellular swelling following exposure (FIG. 6, panels C and D)
when compared with untreated cells. TEM data shows a dra-
matic decrease in cell wall thickness of G. candidum follow-
ing exposure to subinhibitory concentrations of occidiofun-
gin for 48 hours (FIGS. 7A, 7B, and 7C). In addition, what
appears to be sloughing of the cell wall is present in the treated
sample (FIGS. 7A and 7B, black arrows), which suggests that
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cell wall integrity is affected by exposure to occidiofungin.
The lack of internal cellular contrast in the treated G. candi-
dum also suggests that the cell has lysed (FIGS. 7A and 7B,
white arrows). Presumably, the thinner cell wall is unable to
maintain the osmotic pressure. No statement about swelling
can be made from the TEM data, given that the arthrospores
are cylindrical and the chance of cross sectioning them is
high. A wider view showing several arthrospores does show
that some of the arthrospores do retain a cylindrical appear-
ance (FIG. 7C); nonetheless, they all share the same morpho-
logical deformities internally and in the cell wall as seen in the
arthrospore shown in FIG. 7B. These observations indicate
that occidiofungin targets membrane integrity by disrupting
cell wall formation and that occidiofungin may inhibit
enzyme function, since the formation of visible inclusion
bodies are generally attributed to substrate accumulation.

Discussion

[0041] The findings from this study include: the elucidation
of the complete covalent structure of occidiofungin which
contains a novel amino acid; characterization of the broad
spectrum antifungal activity of occidiofungin; and in vivo
observation of cellular inclusions and membrane instability
following exposure to the antifungal compound.

[0042] Structural characterization confirms that occidio-
fungin is a unique antifungal agent. All of the mass spectrom-
etry and NMR data presented above are in complete agree-
ment and support the structure of occidiofungin shown in
FIGS. 1A and 1B. The structural data provided unambiguous
amino acid assignments enabling us to distinguish between
the two structural variants of occidiofungin, occidiofungin A
and occidiofungin B. A complete sequential walk across the
backbone of each molecule was shown. Furthermore, NOEs
from the C-terminal residue Serb to Asnl of occidiofungin A
and p-hydroxy Asn 1 of occidiofungin B confirm the cyclic
nature of the oligopeptide that was predicted previously.
[0043] A novel amino acid was identified and is well-char-
acterized by the NMR data. The importance of this unique
residue for the antifungal activity is unknown, but is an area of
enormous interest by our group. In addition, two amino acid
derivatives, f-hydroxy Asn (exclusive to occidiofungin B)
and p-hydroxy Tyr were identified in the NMR data (Table 1).
Chromatographic separation of each variant has not yet been
accomplished. Therefore, it is not yet known if the hydroxy-
lation of the beta carbon of Asn 1 is important for the bioac-
tivity of the compound. The dramatic shift in the amide fre-
quencies of the residues near f-hydroxy Asn 1 does suggest
that the conformation of the peptide did change following
hydroxylation of the beta carbon of Asn 1.

[0044] The exact mechanism of activity of occidiofungin is
not known, but this study provides a solid base to begin
experiments to elucidate the mechanism of action. Occidio-
fungin demonstrated strong inhibitory activity against two
Pythium species. Pythium is not a true fungus and ergosterol
is not present as a main sterol in their cellular membranes;
consequently, it is insensitive to antifungals that target ergos-
terol. Thus, the antifungal activity of occidiofungin presum-
ably does not involve binding ergosterol or inhibiting ergos-
terol synthesis. It is also important to note that the cell wall of
Pythium does not contain chitin, and that this oomycete con-
tains a great amount of p-glucan in its cell wall. Thus, itis also
not likely that occidiofungin targets chitin synthesis.

[0045] The morphology of fungi exposed to occidiofungin
resembles the morphology reported in the literature of fungi
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exposed to echinocandins, suggesting that occidiofungin may
target glucan synthesis. A. fumigatus exposed to inhibitory
concentrations of micafungin, an echinocandin, displayed
hyphal burst and showed undulated membranes and
deformed hyphae tips at sub-inhibitory concentrations. Can-
dida albicans exposed to lethal dosage of echinocandins
induce swelling and at sub-inhibitory dosage abnormal mor-
phological changes were observed on the membrane. The
formation of aberrant membrane morphology in A4. fiumigatus
is similar to what was observed when R. solani and M.
phaseolina were grown under sub-inhibitory concentrations
and the cellular swelling of C. albicans resembles what was
observed for Geotrichum candidum exposed to a subinhibi-
tory dose of occidiofungin. Interestingly, Fusarium spp. are
resistant to echinocandins. The mechanism of resistance is
attributed to natural mutants in the catalytic subunit of the
(1,3)-p-glucan synthase enzyme and natural differences in
cell wall structure, specifically, Fusarium spp. possess less
1,3-p-glucans. While the MIC of F oxysporum was >32
ng/mL. in this study, occidiofungin did dramatically slow the
growth of this fungus at 16 pg/ml. Further studies will
explore whether occidiofungin inhibits glucan fungal cell
wall synthesis, in particular its ability to inhibit (1,3)-p-glu-
can synthase. Cell wall formation and responses to cell wall
damage involves an intricate cell signaling network, which
orchestrates communication between the fungal cell wall sur-
face to biosynthetic enzymes for synthesis and repair. Con-
sequently, the exact mechanism of action of occidiofungin
could involve a completely novel target.

[0046] A composition comprising the present invention can
be administered to a subject animal or plant in a therapeuti-
cally effective amount, depending on the severity of the infec-
tion or disease, thereby preventing or lessening any short- or
long-term effects of fungal infection.

[0047] This disclosure has for the first time described and
fully characterized a set of novel and extremely effective
antifungal compounds for applications to prevent and reduce
abroad range of fungal infections in human, animal, and plant
subjects, as well as the novel isolated bacterial strain that
produces the antifungal compounds.

[0048] The above detailed description is presented to
enable any person skilled in the art to make and use the
invention. Specific details have been disclosed to provide a
comprehensive understanding of the present invention and
are used for explanation of the information provided. These
specific details, however, are not required to practice the
invention, as is apparent to one of ordinary skill in the art.
Descriptions of specific applications, analyses, and calcula-
tions are meant to serve only as representative examples.
Various suitable changes, modifications, combinations, and
equivalents to the preferred embodiments and additional or
different interactions and materials and resultant advantages
will be readily apparent to one skilled in the art and the
general principles defined herein may be applicable to other
embodiments and applications while still remaining within
the spirit and scope of the invention. The claims and specifi-
cation should not be construed to unduly narrow the complete
scope of protection to which the present invention is entitled.
It should also be understood that the figures are presented for
example purposes only. No intention exists for the present
invention to be limited to the embodiments shown and the
invention is to be accorded the widest possible scope consis-
tent with the principles and features disclosed herein.



US 2011/0136729 Al

TABLE 1
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Chemical Shifts

Amino

Acid Y He H# Other Proton

Asnl 8.21 4.62(53.20) 2.67 (39.98) 7.43*

[BHN 1] 7.98 4.73 (58.74) 4.24 7.49

NAA2 7.67 C2:2.41 (43.90), C3: 4.23 (47.36), C4: 1.89 (40.32),

1.44 (40.32), C5: 3.52 (69, 70), C6: 3.17 (76.88),
C7:3.84 (78.59), C8: 1.55 (32.37), €9-17:1.23

(27.60), C18: 0.81 (15.96)
[NAA2] 7.40

©2: 4.28 (47.36), C3: 2.41 (43.90), C4: 1.89 (40.32),

1.39 (40.32), C5: 3.56 (69, 70), C6: 3.16 (76.88),
C7:3.84 (78.59), C8: 1.55 (32.37), €9-17:1.23

(27.60), C18: 0.81 (15.96)

Ser3 8.02 4.20(58.54) 3.49,3.35
(64.05)
[Ser 3] 8.00 4.20(58.54) 3.47,3.35
(64.05)
BHT 4 8.00 4.42(63.18) 5.16 (74.06) 7.17,6.76
DABAS 8.04 439 (53.88) 2.15,1.96  2.90(39.75),7.49
(31.29)
Gly 6 7.93 3.94,3.72
(45.06)
Asn7 8.18 4.63(53.13) 2.70,2.63  7.40*
(38.38)
[Asn 7] 821 4.62(53.13) 2.67 (38.58) 7.43*
Ser 8 8.00 4.35(58.27) 3.73 (64.24)
[Ser 8] 8.10 4.43(58.27) 3.76 (64.24)
Xylose 430, 3.81 (67.90), 3.48 (72.08), 3.28

78.47), 3.14 (67.97)

Proton chemical shift values are from a TOCSY experiment.

Chemical shifts in parentheses are 13C values from the HSQC experiment.
Distinct chemical shift values for occidiofungin B are shown in brackets.
*indicates chemical shift values from the ROESY experiment.
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What is claimed is:

1. An antifungal cyclic glycopeptide compound, and phar-
maceutically and agriculturally acceptable salts thereof, for
preventing or treating fungal infection or disease and having
the following formula (I):

@

Occidiofungin A
CsuN2019H79
Monoisotopic Mass 1199.5584

wherein Asnl, NAA2, Trp3, BHT4, LysS, Gly6, Asn7, and
Serb are amino acid residues.

2. An antifungal cyclic glycopeptide compound, and phar-
maceutically and agriculturally acceptable salts thereof, for
preventing or treating fungal infection or disease and having
the following formula (II):

Occidiofungin B

CsaN2050H79
Monoisotopic Mass 1215.55331

an

wherein BHN1, NAA2, Trp3, BHT4, LysS, Gly6, Asn7,
and Ser8 are amino acid residues.
3. The antifungal compound according to either of claim 1
or 2, wherein the amino acid residue NAA2 further comprises
an attached acyl group and a xylose sugar.
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4. The antifungal compound according to claim 3, wherein
the amino acid residue NAA2 has the structure:

5. The antifungal compound according to claim 3, wherein
the compound is effective against fungal plant, animal, and
human pathogens.

6. The antifungal compound according to claim 3, wherein
the compound disrupts cell membrane morphology of fungal
plant, animal, and human pathogens.

7. A pharmaceutical composition comprising the antifun-
gal compound according to either one of claim 1 or 2 and at
least one pharmaceutically acceptable carrier or diluent.

8. The composition of claim 7, wherein the at least one
carrier or diluent is an agriculturally acceptable carrier or
diluent.

9. The antifungal compound of claim 5, wherein the com-
pound is derived from the fungal bacterial strain Burkhold-
eria contaminans.

10. An isolated bacterial strain MS14 wherein the said
bacterial strain belongs to the species Burkholderia contami-
nans, the genetic DNA fragment thereofbeing sequenced and
deposited into Genbank with the accession number
EU938698, said strain having a genomic region responsible
for an increased activity for producing at least one antifungal
compound.

11. The isolated bacterial strain of claim 10, wherein the at
least one antifungal compound is the antifungal cyclic glyco-
peptide compound of claim 1.

12. The isolated bacterial strain of claim 10, wherein the at
least one antifungal compound is the antifungal cyclic glyco-
peptide compound of claim 2.
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