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ABSTRACT

Disclosed herein is a Bacillus strain, Bacillus sp.isolate F727,
that produces metabolites with pesticidal activities. Also pro-
vided are bioactive compositions and metabolites derived
from cultures of Bacillus sp. isolate F727 capable of control-
ling pests; as well as methods of use of the strain and its
metabolites for controlling pests.
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Figure 2
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Figure 3
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Figure 6
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Figure 8
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Figure 11
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Figure 15
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Figure 17
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BACILLUS SP. STRAIN WITH ANTIFUNGAL,
ANTIBACTERIAL AND GROWTH
PROMOTION ACTIVITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/683,174 filed Aug. 14,2012;
the disclosure of which is hereby incorporated by reference in
its entirety for all purposes.

TECHNICAL FIELD

[0002] The present disclosure is in the field of biopesticti-
cides and pest control; in particular microbial pesticides and
the microbial strains that produce them.

BACKGROUND

[0003] Natural products are substances produced by
microbes, plants, and other organisms. Microbial natural
products offer an abundant source of chemical diversity, and
there is a long history of utilizing natural products for phar-
maceutical purposes. Despite the emphasis on natural prod-
ucts for human therapeutics, where more than 50% are
derived from natural products, only 11% of pesticides are
derived from natural sources. Nevertheless, natural product
pesticides have a potential to play an important role in con-
trolling pests in both conventional and organic farms. Sec-
ondary metabolites produced by microbes (bacteria, actino-
mycetes and fungi) provide novel chemical compounds
which can be used either alone or in combination with known
compounds to effectively control insect pests and to reduce
the risk for resistance development. There are several well-
known examples of microbial natural products that are suc-
cessful as agricultural insecticides (Thompson et al., 2000;
Arena et al., 1995; Krieg et al. 1983).

[0004] Thedevelopment ofa microbial pesticide starts with
the isolation of a microbe in a pure culture. It then proceeds
with efficacy and spectrum screening using in vitro, in vivo or
pilot scale trials in a greenhouse and in the field. At the same
time, active compounds produced by the microbe are isolated
and identified. For the commercialization of a microbial pes-
ticide, the microbe has to be economically produced by fer-
mentation at an industrial scale and formulated with approved
biocompatible additives to increase efficacy and to maximize
the ease of application.

[0005] With the development of increasing resistance to
chemical pesticides, the spectrum of available pesticides is
narrowing. In addition, non-naturally-occurring pesticides
can have detrimental environmental effects. Accordingly,
there is a need for new, naturally-occurring pesticides to
which plant pathogens have not developed resistance, and
which have minimal environmental effects.

SUMMARY

[0006] Disclosed herein is a microbial strain, Bacillus sp.
isolate F727, having pesticidal activity. This strain produces
bioactive metabolites active in controlling pests and promot-
ing plant growth. Also disclosed are methods for using Bacil-
lus sp. isolate 727 and its metabolites for controlling pests and
promoting plant growth. In a particular embodiment, the
Bacillus sp. may have at least one of the identifying charac-
teristics of NRRL B-50768.
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[0007] Furthermore, the Bacillus sp. can have a 16S rRNA
gene sequence with at least 99% identity and particularly
99.5% identity to the consensus sequence set forth in SEQ ID
NO: 3 and comprising a forward sequence having at least
99% identity and particularly 995% identity to the sequence
set forth in SEQ ID NO:1, and a reverse sequence having at
least 99% identity and particularly 99.5% identity to the
sequence set forth in SEQ ID NO:2.

[0008] Further provided is a substantially pure culture or
whole cell broth comprising said strain, or cell fraction,
extract, supernatant and/or substances or compounds derived
from said strain or extract thereof.

[0009] Further provided is a method for modulating pest
infestation in a plant comprising applying to the plant and/or
seeds thereof and/or substrate used for growing said plant an
amount of said Bacillus sp. isolate F727 (and/or a culture, cell
fraction, extract, supernatant and/or substances or com-
pounds derived from said strain or extract) that is effective to
modulate said pest infestation. In a particular embodiment,
the pest is a plant fungus such as Botrytis, Sclerotinia, Rhizoc-
tonia or Bipolaris.

[0010] Also provided are methods for promoting plant
growth and/or seed germination, wherein the methods com-
prise applying to the plant and/or seeds thereof and/or sub-
strate used for growing said plant an amount of said Bacillus
sp. isolate F727 (and/or a culture, cell fraction, extract, super-
natant and/or substances or compounds derived from said
strain or extract) that is effective to promote plant growth
and/or seed germination.

[0011] Inparticular embodiments, said Bacillus produces a
compound selected from the group consisting of:

[0012] (a) compound “A” that

[0013] (i) may be obtainable from a Bacillus sp., particu-
larly, Bacillus sp. isolate 727,

[0014] (ii) has pesticidal activity;

[0015] (iii) has a molecular weight of about 1020-1060
and more particularly, 1044 as determined by Liquid
Chromatography/Mass Spectroscopy (LC/MS);

[0016] (iv) has "H NMR values of d 7.15, 6.72, 4.81,
4.70,4.65,4.40,4.35,4.25,4.15,3.85,3.65,3.50, 3.22,
2.85,2.80, 2.65,2.45,2.35,2.30, 2.20, 1.95, 1.55, 1.31,
1.20 and 0.85;

[0017] (v) has a High Pressure Liquid Chromatography
(HPLC) retention time of about 6-12 minutes, more
specifically about 8 minutes and even more specifically
about 8.31 min on a reversed phase C-18 HPLC (Phe-
nomenex, Luna 5u C18(2) 100 A, 100x4.60 mm) col-
umn using a water:acetonitrile (CH;CN) gradient sol-
vent system (0-20 min; 90-0% aqueous CH;CN, 20-24
min; 100% CH,CN, 24-27 min; 0-90% aqueous
CH,CN, 27-30 min; 90% aqueous CH;CN) at 0.5
ml/min flow rate and UV detection at 210 nm;

[0018] (vi) optionally contains 47 carbons, 72 hydro-
gens, 12 nitrogens, and 15 oxygens; and

[0019] (vii) is optionally a peptide and may comprise
glutamine (1 unit), proline (1 unit), serine (1 unit),
tyrosine (1 unit) and asparagine (3 units);

[0020] (b) Compound “B” that
[0021] (i) has pesticidal activity;
[0022] (ii) has a molecular weight of about 1030-1080

and more particularly, 1058 as determined by Liquid
Chromatography/Mass Spectroscopy (LC/MS);

[0023] (iii) has an High Pressure Liquid Chromatogra-
phy (HPLC) retention time of about 6-14 minutes, more
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specifically about 8 minutes and even more specifically
about 8.67 min on a reversed phase C-18 HPLC column
using a water:acetonitrile (CH;CN) gradient solvent
system (0-20 min; 90-0% aqueous CH;CN, 20-24 min;
100% CH;CN, 24-27 min; 0-90% aqueous CH,;CN,
27-30 min; 90% aqueous CH,CN) at 0.5 m[./min flow
rate and UV detection at 210 nm;

[0024] (iv) optionally comprises 48 carbons, 74 hydro-
gens, 12 nitrogens, and 15 oxygens; and

[0025] (v) is optionally a peptide and may comprise
glutamine (1 unit), proline (1 unit), serine (1 unit),
tyrosine (1 unit) and asparagine (3 units); and

[0026] (c) Compound “C” that
[0027] (i) has pesticidal activity;
[0028] (ii) has a molecular weight of about 1050-1120

and more particularly, 1072 as determined by Liquid
Chromatography/Mass Spectroscopy (LC/MS);

[0029] (iii) has a High Pressure Liquid Chromatography
(HPLC) retention time of about 6-14 minutes, more
specifically about 9 minutes and even more specifically
about 9.19 min on a reversed phase C-18 HPLC column
using a water:acetonitrile (CH;CN) gradient solvent
system (0-20 min; 90-0% aqueous CH;CN, 20-24 min;
100% CH;CN, 24-27 min; 0-90% aqueous CH,;CN,
27-30 min; 90% aqueous CH,CN) at 0.5 m[./min flow
rate and UV detection at 210 nm;

[0030] (iv) optionally contains 49 carbons, 76 hydro-
gens, 12 nitrogens, and 15 oxygens; and

[0031] (v) is optionally a peptide and may comprise
glutamine (1 unit), proline (1 unit), serine (1 unit),
tyrosine (1 unit) and asparagine (3 units).

[0032] Also provided herein is a Bacillus strain having the
following characteristics:

[0033] (a) at least one of:

[0034] (1) a nucleotide sequence having at least 99.5%
identity to a 16SrRRNA sequence set forth in SEQ ID NO:3;
[0035] (2) a nucleotide sequence having at least 95% iden-
tity to a recA sequence set forth in SEQ ID NO:10 and
[0036] (3) a nucleotide sequence having at least 90% iden-
tity to a reverse phoR sequence set forth in SEQ ID NO:13;

[0037] (b) produces a compound that
[0038] (i) has pesticidal activity;
[0039] (ii) has a molecular weight of about 1020-1120 as

determined by Liquid Chromatography/Mass Spectros-
copy (LC/MS), and
[0040] (iii) has a High Pressure Liquid Chromatography
(HPLC) retention time of about 6-15 minutes on a
reversed phase C-18 HPLC column using a water:aceto-
nitrile (CH;CN) gradient solvent system (0-20 min;
90-0% aqueous CH;CN, 20-24 min; 100% CH,CN,
24-27 min; 0-90% aqueous CH;CN, 27-30 min; 90%
aqueous CH;CN) at 0.5 m[./min flow rate and UV detec-
tion at 210 nm, and
[0041] (iv) is optionally a peptide;
[0042] (c) is resistant to Kanamycin, Chloramphenicol,
Ampicillin, Penicillin, Cefuroxime, Piperacillin, Tetracy-
cline; and
[0043] (d)possesses alkaline phosphatase, esterase, acid
phosphatase, and naphthol-AS-Bl-phosphohydrolase
activity.
[0044] Also provided is a combination comprising said
Bacillus sp. isolate F727, a substantially pure culture, cell
fraction, extract, supernatant and substances, metabolites or
compounds derived from said strain or extract thereof and at
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least one of (a) a second substance which may be a chemical
or biological pesticide and (b) at least one of a carrier, diluent,
surfactant, adjuvant. The combination may be a composition
and may be coated onto a seed.

[0045] Further provided is a method for modulating pest
infestation in a plant comprising applying to the plant and/or
seeds thereof and/or substrate used for growing said plant an
amount of said combination effective to modulate said pest
infestation. In a particular embodiment, the pest is a plant
fungus such as Botrytis, Sclerotinia, Rhizoctonia or Bipo-
laris.

[0046] Furtherprovided is the use of a composition, option-
ally in combination with a second substance, to formulate a
pesticidal composition, wherein the composition is selected
from the group consisting of:

[0047] (a) a pure culture of the strain of claim 1,
[0048] (b) a cell fraction of the strain of claim 1,
[0049] (c) a supernatant derived from the strain of claim
15
[0050] (d) an extract of any of (i), (ii) or (iii),
[0051] (d) a metabolite of the strain of claim 1,
[0052] (f) compound A,
[0053] (g) compound B, and
[0054] (h) compound C; and
[0055] the second substance is selected from the group
consisting of:
[0056] (a) a pesticide,
[0057] (b) a plant growth-promoting agent,
[0058] (c) a carrier,
[0059] (d) an adjuvant,
[0060] (e) a surfactant,
[0061] (f) a fertilizer, and
[0062] (g) an anti-phytopathogenic agent.
[0063] 24. The use of claim 23, wherein the pesticide is

selected from the group consisting of a bactericide, a fungi-
cide and a nematicide

BRIEF DESCRIPTION OF THE FIGURES

[0064] FIG. 1 shows a schematic representation of purifi-
cation scheme for obtaining the compounds of the invention
from culture broth.

[0065] FIG. 2 depicts the ESI-LCMS chromatogram for
compound “A”.

[0066] FIG. 3 depicts the (+) ESIMS for compound “A”.
[0067] FIG. 4 depicts the ESI-LCMS chromatogram for
compound “B”.

[0068] FIG. 5 depicts the (+) ESIMS for compound “B”.
[0069] FIG. 6 depicts the ESI-LCMS chromatogram for
compound “C”.

[0070] FIG. 7 depicts the (+) ESIMS for compound “C”.
[0071] FIG. 8 depicts the bioactivity of VLC fraction 3

(F727F3 in Figure), and HPLC-purified Compound A
(F727F3H11 in Figure), Compound B (F727F3H14 in Fig-
ure) and Compound C (F727F3H17 in figure) against four
fungal pathogens: Botrytis cinerea (Botrytis in Figure), Scle-
rotinia homeocarpa (Sclerotina in Figure), Rhizoctonia
solani (Rhizoctonia in Figure) and Bipolaris maydis (Bipo-
laris in Figure).

[0072] FIG. 9 shows the effect of F727 supernatant on
Botrytis cinerea in tomato. Plants were inoculated with B.
cinerea spores at the concentrations indicated in the Figure
and were treated with supernatant from a Bacillus sp. F727
fermentation (second bar from left) or Switch® (third bar
from left). Controls included non-inoculated plants (leftmost



US 2014/0128256 Al

bar) and non-pesticide-treated plants inoculated with two
different concentrations of the fungus (fourth and fifth bars
from left).

[0073] FIG. 10 shows the effect of F727 supernatant on
Downy Mildew in lettuce. Plants were treated with Bacillus
sp. isolate F727 supernatant (F727); Ridomil, or were
untreated (UTC).

[0074] FIG. 11 compares effect of F727 supernatant with
Fenhexamid on Botrytis in tomato. Plants that had been
experimentally infected with B. cinerea were pre-sprayed
either once (F727 supernatant) or twice (F727 supernatantx2)
with F727 supernatant, with water or with Fenhexamid (El-
evate®), and discase severity was assayed.

[0075] FIG. 12 compares effect of F727 supernatant with
Fenhexamid on Botrytis in peppers. Plants were sprayed with
supernatant from a Bacillus sp. isolate F727 fermentation
(F727), water, (UTC) or Fenhexamid (Elevate®). Sprayed
plants were then experimentally infected with B. cinerea,
grown, and assayed after 13 days for disease severity.

[0076] FIG. 13 shows measurements of disease control on
cucumbers infected with powdery mildew and treated with
different F727 preparations. F727 cells were grown in three
different media: SPY, SMP and TSB, as indicated in the
figure. Whole cell broth, cells (suspended in 10 mM MgSO,,),
and supernatant were obtained for each of these growth con-
ditions. Water (“DI Water” in the figure) was used as a nega-
tive control. Blanks for SMP medium, SPY medium, TSB
medium and 10 mM MgSO, were also included.

[0077] FIG. 14 shows measurements of disease control on
tomato plants infected with Botrytis cinerea and treated with
different F727 preparations. F727 cells were grown in three
different media: SPY, SMP and TSB, as indicated in the
figure. Whole cell broth, cells (suspended in 10 mM MgSO,,),
and supernatant were obtained for each of these growth con-
ditions. Water (“DI Water” in the figure) was used as a nega-
tive control. Blanks for SMP medium, SPY medium, TSB
medium and 10 mM MgSO,, were also included.

[0078] FIG. 15 shows measurements of disease control in
cucumber plants infected with powdery mildew. Prior to
inoculation with fungal spores, plants were sprayed with
water (“DI water” in figure, negative control), whole cell
broth from isolate F727 fermentation (MBI-110 WCB) or one
of'a number of commercial pesticides (Double Nickel® (Cer-
tis, Bacillus amyloliquefaciens strain D747) Sonata® (Bacil-
lus subtilus), Vacciplant®, Companion®, Serenade® (Bacil-
lus pumilus) or Regalia® (Reynoutria sachalinensis), or a
combination of Regalia® (Reynoutria sachalinensis) and
F727 WCB.

[0079] FIG. 16 shows measurements of disease control in
tomato plants infected with Phytophthora infestans. Prior to
inoculation with P, infestans, plants were sprayed with water
(“DI water” in figure, negative control), Regalia®, Double
Nickel® (Certis, Bacillus amyloliquefaciens strain D747) or
whole cell broth from isolate F727 fermentation (MBI-110
WCB).

[0080] FIG. 17 shows effects of supernatants from F727
fermentation, and controls, on mycelial growth of S. rolfsii in
an in vitro assay. Effects of water (DI water), unfiltered F727
supernatant (F727 unfiltered), filtered F727 supernatant
(F727 filtered) and Pristine® are shown. For each test mate-
rial and control, two volumes were evaluated: in each pair of
bars, the leftmost bar shows results using 25 pl, and the
rightmost bar shows the results using 50 pl.
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DETAILED DESCRIPTION

[0081] While the compositions and methods disclosed
herein are susceptible to various modifications and alternative
forms, exemplary embodiments will herein be described in
detail. It should be understood, however, that there is no intent
to limit the invention to the particular forms disclosed, but on
the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and
scope of the invention as defined by the appended claims.
[0082] Where arange of values is provided, it is understood
that each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or
intervening value in that stated range, is included therein.
Smaller ranges are also included. The upper and lower limits
of these smaller ranges are also included therein, subject to
any specifically excluded limit in the stated range.

[0083] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials simi-
lar or equivalent to those described herein can also be used in
the practice or testing of the present invention, the preferred
methods and materials are now described.

[0084] It must be noted that as used herein and in the
appended claims, the singular forms “a,” “and” and “the”
include plural references unless the context clearly dictates
otherwise.

[0085] As defined herein, “derived from™ means directly
isolated or obtained from a particular source or alternatively
having identifying characteristics of a substance or organism
isolated or obtained from a particular source. In the event that
the “source” is an organism, “derived from” means that it may
be isolated or obtained from the organism itself or medium
used to culture or grow said organism.

[0086] As defined herein, “whole broth culture” refers to a
liquid culture containing both cells and media. If bacteria are
grown on a plate the cells can be harvested in water or other
liquid, to provide a whole broth culture.

[0087] The term “supernatant” refers to the liquid remain-
ing when cells that are grown in broth or harvested in another
liquid from an agar plate are removed by centrifugation,
filtration, sedimentation, or other means well known in the
art.

[0088] As defined herein, “filtrate” refers to liquid from a
whole broth culture that has been passed through a mem-
brane.

[0089] As defined herein, “extract” refers to liquid sub-
stance removed from cells by a solvent (water, detergent,
buffer) and separated from the cells by centrifugation, filtra-
tion or other method.

[0090] As defined herein, “metabolite” refers to a com-
pound, substance or byproduct of a fermentation of a micro-
organism, or supernatant, filtrate, or extract obtained from a
microorganism that has pesticidal and particularly, bacteri-
cidal or fungicidal activity. As defined herein, an “isolated
compound” is essentially free of other compounds or sub-
stances, e.g., atleast about 20% pure, preferably at least about
40% pure, more preferably about 60% pure, even more pref-
erably about 80% pure, most preferably about 90% pure, and
even most preferably about 95% pure, as determined by ana-
lytical methods, including but not limited to chromatographic
and electrophoretic methods. The terms “metabolite” and
“compound” may be used interchangeably.
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[0091] A “carrier” as defined herein is an inert, organic or
inorganic material, with which the active ingredient is mixed
or formulated to facilitate its application to a plant or other
objectto be treated, or to facilitate its storage, transport and/or
handling.

[0092] The term “modulate” as defined herein is used to
mean to alter the amount of pest infestation or rate of spread
of pest infestation.

[0093] The term “pest infestation™ as defined herein, is the
presence of a pest in an amount that causes a harmful effect
including a disease or infection in a host population or emer-
gence of an undesired weed in a growth system.

[0094] A “pesticide” as defined herein, is a substance
derived from a biological product or chemical substance that
increase mortality or inhibits the growth rate of plant pests
and includes but is not limited to nematicides, insecticides,
plant fungicides, plant bactericides, and plant viricides.
Identification and Characterization of Bacillus sp. F727
[0095] Bacillus sp. isolate F727 was identified as a novel
strain of Bacillus using a polyphasic approach combining 16S
rRNA sequence determination, fatty acid analysis, MALDI-
TOF protein analysis and characterization using several bio-
chemical assays. See Examples 1-4, infra.

[0096] Metabolites produced by fermentation of Bacillus
sp. F727 were isolated. See Example 5, infra. Certain of these
metabolites demonstrated activity against fungal and bacte-
rial pathogens both in vitro and in vivo. See Examples 6-17,
infra. Plant growth promotion effects, from Bacillus sp. F727
and its metabolites, have also been observed on a number of
plants. See Examples 18 and 19, infra.

[0097] Thus Bacillus sp. F727, and/or its metabolites, can
be used as natural products for the control of fungal and
bacterial diseases in agriculture; and for promotion of plant
growth.

Methods of Production

[0098] As noted above, compounds or metabolites may be
obtained, are obtainable or can be derived from an organism
having one or more identifying characteristics of a Bacillus
F727 strain. The methods comprise cultivating these organ-
isms and obtaining the compounds and/or compositions of
the present invention by isolating these compounds from the
culture of these organisms.

[0099] Inparticular, the organisms are cultivated in nutrient
medium using methods known in the art. The organisms can
be cultivated by shake flask cultivation, small scale or large
scale fermentation (including but not limited to continuous,
batch, fed-batch, or solid state fermentations) in laboratory or
industrial fermentors performed in suitable medium and
under conditions allowing cell growth. The cultivation can
take place in suitable nutrient medium comprising carbon and
nitrogen sources and inorganic salts, using procedures known
in the art. Suitable media are available from commercial
sources or can be prepared according to published composi-
tions.

[0100] After cultivation, a supernatant, filtrate and/or
extract of or derived from said Baci/lus strain (e.g., Bacillus
sp. F727) can be used in formulating a pesticidal composi-
tion.

[0101] Alternatively, after cultivation, the compounds and/
or metabolites can be extracted from the culture broth.
[0102] The extract can be fractionated by chromatography.
Chromatographic fractions can be assayed for toxic activity
against, for example, fungi (e.g., Botrytis, Sclerotinia,
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Rhizoctonia & Bipolaris) using methods known in the art.
Fractionation can be repeated one or more times using the
same or different chromatographic methods.

[0103] In one embodiment, the compound produced is a
compound that (i) has pesticidal activity; (ii) has a molecular
weight of about 1020-1120 as determined by Liquid Chro-
matography/Mass Spectroscopy (LC/MS); (iii) has a High
Pressure Liquid Chromatography (HPLC) retention time of
about 6-15 minutes on a reversed phase C-18 HPLC column
using a water:acetonitrile (CH;CN) gradient solvent system
(0-20 min; 90-0% aqueous CH;CN, 20-24 min; 100%
CH,CN, 24-27 min; 0-90% aqueous CH;CN, 27-30 min;
90% aqueous CH;CN) at 0.5 mI./min flow rate and UV detec-
tion at 210 nm; and (iv) is optionally obtainable from a Bacil-
lus species. The compound in one embodiment is a peptide.

[0104] In a specific embodiment, the compound “A” (i) is
obtainable from a Bacillus species; (ii) is toxic to a pest; (iii)
has a molecular weight of about 1020-1060 and more particu-
larly, 1044 as determined by Liquid Chromatography/Mass
Spectroscopy (LC/MS); (iv) has 'H NMR values of & 7.15,
6.72,4.81,4.70,4.65,4.40,4.35,4.25,4.15,3.85,3.65,3.50,
3.22,2.85,2.80,2.65,2.45,2.35,2.30,2.20,1.95,1.55,1.31,
1.20, 0.85; and (v) has a High Pressure Liquid Chromatogra-
phy (HPLC) retention time of about 6-12 minutes, more
specifically about 8 minutes and even more specifically about
8.31 min on a reversed phase C-18 HPLC (Phenomenex,
Luna Sp C18(2) 100 A, 100x4.60 mm) column using a water:
acetonitrile (CH;CN) with a gradient solvent system (0-20
min; 90-0% aqueous CH;CN, 20-24 min; 100% CH,CN,
24-27 min; 0-90% aqueous CH;CN, 27-30 min; 90% aqueous
CH;CN) at 0.5 mI./min flow rate and UV detection at 210 nm.
In addition, Compound “A” reveals signals for 47 carbons, 72
hydrogens, 12 nitrogens, and 15 oxygens as determined by "H
NMR, *C NMR & MS analyses. The 'H NMR spectrum
displays characteristics of a typical peptide. Detailed analysis
of Compound “A” by 'H NMR, '*C NMR, MS/MS and
amino acid analysis revealed the presence of glutamine (1

unit), proline (1 unit), serine (1 unit), tyrosine (1 unit) and
asparagine (3 units).

[0105] In another particular embodiment, the substance
may be a compound “B” that (i) has pesticidal activity; (ii) has
a molecular weight of about 1030-1080 and more particu-
larly, 1058 as determined by Liquid Chromatography/Mass
Spectroscopy (LC/MS); and (iii) has a High Pressure Liquid
Chromatography (HPLC) retention time of about 6-14 min-
utes, more specifically about 8 minutes and even more spe-
cifically about 8.67 min on a reversed phase C-18 HPL.C
column using a water:acetonitrile (CH;CN) gradient solvent
system (0-20 min; 90-0% aqueous CH;CN, 20-24 min; 100%
CH;CN, 24-27 min; 0-90% aqueous CH,CN, 27-30 min;
90% aqueous CH;CN) at 0.5 mI./min flow rate and UV detec-
tion at 210 nm. Data from the 'H and '*C NMR spectra, along
with MS data, reveal signals for 48 carbons, 74 hydrogens, 12
nitrogens, and 15 oxygens. The '"H NMR spectrum displays
characteristics of a typical peptide. Detailed analysis of Com-
pound “B” by 'H NMR, *C NMR, MS/MS and amino acid
analysis revealed the presence of glutamine (1 unit), proline
(1 unit), serine (1 unit), tyrosine (1 unit) and asparagine (3
units).

[0106] Inyetanother particular embodiment, the substance
may be a compound “C” that (i) has pesticidal activity; (ii) has
a molecular weight of about 1050-1120 and more particu-
larly, 1072 as determined by Liquid Chromatography/Mass
Spectroscopy (LC/MS); and (iii) has a High Pressure Liquid
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Chromatography (HPLC) retention time of about 6-14 min-
utes, more specifically about 9 minutes and even more spe-
cifically about 9.19 min on a reversed phase C-18 HPL.C
column using a water:acetonitrile (CH;CN) gradient solvent
system (0-20 min; 90-0% aqueous CH;CN, 20-24 min; 100%
CH;CN, 24-27 min; 0-90% aqueous CH;CN, 27-30 min;
90% aqueous CH;CN) at 0.5 mI./min flow rate and UV detec-
tion at 210 nm. Data from the "H and '*C NMR spectra, along
with MS data, reveal signals for 49 carbons, 76 hydrogens, 12
nitrogens, and 15 oxygens. The 'H NMR spectrum displays
characteristics of a typical peptide. Detailed analysis of Com-
pound “C” by 'H NMR, *C NMR, MS/MS and amino acid
analysis revealed the presence of glutamine (1 unit), proline
(1 unit), serine (1 unit), tyrosine (1 unit) and asparagine (3
units).

Compositions

[0107] Compositions can comprise whole broth cultures,
liquid cultures, or suspensions of or derived from a Bacillus
strain, specifically a Bacillus strain having at least one of the
identifying characteristics of Bacillus sp. isolate F727, as
well as supernatants, filtrates or extracts obtained from said
Bacillus sp. Compositions can also comprise one or more
metabolites or isolated compounds derived from Bacillus sp.
isolate F727, which in particular have bactericidal, fungicidal
and/or plant growth-promoting activity.

[0108] The compositions set forth above can be formulated
in any manner. Exemplary formulations include but are not
limited to emulsifiable concentrates (EC), wettable powders
(WP), soluble liquids (SL.), aerosols, ultra-low volume con-
centrate solutions (ULV), soluble powders (SP), microencap-
sulates, water-dispersed granules, flowables (FL), micro-
emulsions (ME), nano-emulsions (NE), etc. In any
formulation described herein, percent of the active ingredient
is within a range of 0.01% to 99.99%.

[0109] The compositions can be in the form of a liquid, gel
or solid. A solid composition can be prepared by suspending
a solid carrier in a solution of active ingredient(s) and drying
the suspension under mild conditions, such as evaporation at
room temperature or vacuum evaporation at 65° C. or lower.

[0110] A composition can comprise gel-encapsulated
active ingredient(s). Such gel-encapsulated materials can be
prepared by mixing a gel-forming agent (e.g., gelatin, cellu-
lose, or lignin) with a culture or suspension of live or inacti-
vated Bacillus sp. strain F727 cells, or with a cell-free filtrate
or cell fraction of a Bacillus sp. strain F727 culture or sus-
pension, or with a spray- or freeze-dried culture, cell, or cell
fraction of Bacillus sp. strain F727; or with a solution of
pesticidal compounds used in the method of the invention;
and inducing gel formation of the agent.

[0111] The composition can additionally comprise a sur-
factant to be used for the purpose of emulsification, disper-
sion, wetting, spreading, integration, disintegration control,
stabilization of active ingredients, and improvement of fluid-
ity or rust inhibition. In a particular embodiment, the surfac-
tant is a non-phytotoxic non-ionic surfactant which prefer-
ably belongs to EPA List 4B. In another particular
embodiment, the nonionic surfactant is polyoxyethylene (20)
monolaurate. The concentration of surfactant(s) can range
between 0.1-35% of the total formulation, a preferred range is
5-25%. The choice of dispersing and emulsifying agents,
such as non-ionic, anionic, amphoteric and cationic dispers-
ing and emulsifying agents, and the amount employed, is
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determined by the nature of the composition and the ability of
the agent to facilitate the dispersion of the compositions.

[0112] The compositions set forth above can be combined
with another agent, microorganism and/or pesticide (e.g.,
nematicide, bactericide, fungicide, acaricide, insecticide).
Microorganisms include but are not limited to Bacillus sp.
(e.g., Bacillus firmus, Bacillus thuringiensis, Bacillus pumi-
lus, Bacillus licheniformis, Bacillus amyloliquefaciens,
Bacillus subtilis), Paecilomyces sp. (P. lilacinus), Pasteuria
sp. (P. penetrans), Chromobacterium sp., Pseudomonas sp.,
Brevabacillus sp., Lecanicillium sp., Ampelomyces sp.,
Pseudozyma sp., Streptomyces sp (S. bikiniensis, S. costari-
canus, S. avermitilis), Burkholderia sp., Trichoderma sp.,
Gliocladium sp., avermectin, Myrothecium sp., Paecilomyces
spp., Sphingobacterium sp., Arthrobotrys sp., Chlorospl-
rnium, Neobulgaria, Daldinia, Aspergillus, Chaetomium,

Lysobacter spp, Lachnum papyraceum, Verticillium
suchlasporium, Arthrobotrys oligospora, Verticillium
chlamydosporium, Hirsutella  rhossiliensis, Pochonia

chlamydosporia, Pleurotus ostreatus, Omphalotus olearius,
Lampteromyces japonicas, Brevudimonas sp., Muscodor sp.

[0113] The agent can be a natural oil or oil-product having
nematicidal, fungicidal, bactericidal and/or insecticidal activ-
ity (e.g., paraffinic oil, tea tree oil, lemongtrass oil, clove oil,
cinnamon oil, citrus oil, rosemary oil, pyrethrum, citrus oil
(including but not limited to bitter orange, orange, and lemon
oils); rosemary oil, allspice, bergamot, blue gum, chamomile,
citronella, common jasmine, common juniper, common lav-
ender, common myrrh, field mint, freesia, gray santolina,
herb hyssop, holy basil, incense tree, jasmine, lavender, mari-
gold, mint, peppermint, pot marigold, spearmint, ylang-ylang
tree, saponins)

[0114] Furthermore, the pesticide can be a single site anti-
fungal agent which can include but is not limited to benzimi-
dazole, a demethylation inhibitor (DMI) (e.g., imidazole, pip-
erazine, pyrimidine, triazole), morpholine,
hydroxypyrimidine, anilinopyrimidine, phosphorothiolate,
quinone outside inhibitor, quinoline, dicarboximide, carbox-
imide, phenylamide, anilinopyrimidine, phenylpyrrole, aro-
matic hydrocarbon, cinnamic acid, hydroxyanilide, antibi-
otic, polyoxin, acylamine, phthalimide, benzenoid
(xylylalanine); a demethylation inhibitor selected from the
group consisting of imidazole, piperazine, pyrimidine and
triazole (e.g., bitertanol, myclobutanil, penconazole, propi-
conazole, triadimefon, bromuconazole, cyproconazole, dini-
conazole, fenbuconazole, hexaconazole, tebuconazole, tetra-
conazole), myclobutanil, and a quinone outside inhibitor
(e.g., strobilurin). The strobilurin may include but is not lim-
ited to azoxystrobin, kresoxim-methoy! or trifloxystrobin. In
yet another particular embodiment, the anti-fungal agent is a
quinone, e.g., quinoxyfen(5,7-dichloro-4-quinolyl 4-fluo-
rophenyl ether). The anti-fungal agent can also be derived
from a Reynoutria extract.

[0115] The fungicide can also be a multi-site non-inor-
ganic, chemical fungicide selected from the group consisting
of chloronitrile, quinoxaline, sulphamide, phosphonate,
phosphite, dithiocarbamate, chloralkythios, phenylpyridin-
amine and cyano-acetamide oxime.

[0116] As noted above, the composition can further com-
prise a nematicide. The nematicide can include but is not
limited to chemicals such as organophosphates, carbamates,
and fumigants, and microbial products such as avermectin,
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Myrothecium sp. Biome (Bacillus firmus), Pasteuria spp.,
Paecilomyces, and organic products such as saponins and
plant oils.

[0117] The compositions can be applied using methods
known in the art. Specifically, these compositions are applied
to and around plants or plant parts. Plants are to be understood
as meaning in the present context all plants and plant popu-
lations such as desired and undesired wild plants or crop
plants (including naturally occurring crop plants). Crop
plants can be plants which can be obtained by conventional
plant breeding and optimization methods or by biotechno-
logical and genetic engineering methods or by combinations
of these methods, including transgenic plants and plant cul-
tivars protectable or not protectable by plant breeders’ rights.
Plant parts are to be understood as meaning all parts and
organs of plants above and below the ground, such as shoot,
leaf, flower and root, examples which may be mentioned
being leaves, needles, stalks, stems, flowers, fruit bodies,
fruits, seeds, roots, tubers and rhizomes. Plant parts also
include harvested material, and vegetative and generative
propagation material, for example cuttings, tubers, rhizomes,
offshoots and seeds.

[0118] Treatment of plants and plant parts with the compo-
sitions set forth above can be carried out directly or by allow-
ing the compositions to act on a plant’s surroundings, habitat
or storage space by, for example, immersion, spraying,
evaporation, fogging, scattering, painting on, or injecting.
[0119] The compositions disclosed herein can also be
applied to soil using methods known in the art. These include
but are not limited to (a) drip irrigation or chemigation; (b)
soil incorporation; (c) soil drenching; (d) seed treatment and
dressing; and (e) bare root dip.

[0120] Seed Treatments

[0121] Seed treatments include application of a composi-
tion as disclosed herein, optionally in combination with other
bioactive, antagonistic or symbiotic agents to the surface of a
seed prior to sowing. Pesticidal toxins, proteins, and/or com-
pounds disclosed herein can be applied to seeds as dry pow-
ders, slurried powders or sprayed on the seed before planting.
[0122] The compositions disclosed herein can be formu-
lated for seed treatments in any of the following modes: dry
powder, water slurriable powder, liquid solution, flowable
concentrate or emulsion, emulsion, microcapsules, gel, or
water dispersible granules.

[0123] In the case of a dry powder, the active ingredient is
formulated similarly to a wettable powder, but with the addi-
tion of a sticking agent, such as mineral oil, instead of a
wetting agent. For example, one kg of purified talc powder
(sterilized for 12 h), 15 g calcium carbonate, and 10 g car-
boxymethyl cellulose are mixed under aseptic conditions fol-
lowing the method described by Nandakumar et al (2001).
Active ingredient(s) is/are mixed in a 1:2.5 ratio (suspension
to dry mix) and the product is shade dried to reduce moisture
content to 20-35%.

[0124] In embodiments in which the compositions dis-
closed herein are applied to a seed, a composition can be
applied as one or more coats prior to planting the seed using
one or more seed coating agents including, but not limited to,
ethylene glycol, polyethylene glycol, chitosan, carboxym-
ethyl chitosan, peat moss, resins and waxes. The composi-
tions can also be applied to seeds in combination with, for
example, chemical fungicides or bactericides with a single
site, multisite or unknown mode of action, using methods
known in the art.

[0125] In additional embodiments, the disclosed composi-
tions can be applied to seeds by seed imbibition or as a
powdered inoculum.
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[0126] The seeds may be conventional seeds or may be
genetically modified seed such as Liberty Link (Bayer Crop-
Science), Roundup Ready seeds (Monsanto), or other herbi-
cide resistant seed, and/or seeds engineered to be insect resis-
tant, or seeds that are with “pyrimaded” with herbicide and
insect resistance genes.

[0127]

[0128] Plant-bacterial interactions in the rhizosphere are
important determinants of soil fertility and plant health. Free
living bacteria that are beneficial to plant growth are known as
plant growth promoting rhizobacteria (PGPR). Generally
plant growth promoters function in one of three ways: by
synthesizing plant growth regulators, by facilitating the
uptake of soil nutrients and/or by preventing plant disease.
Therefore, the effects of PGPRs can be both direct and indi-
rect. Indirect plant growth promotion can involve antagonis-
tic effect against phytophatogens. This can be achieved, for
example, by production of siderophores, synthesis of antibi-
otics, and the production of HCN and/or cell wall degrading
enzymes. Direct plant growth promotion effects are achieved
through the regulation of phytohormones (that help in plant
and root development and protection against stresses), and
solubilization of mineral phosphates and other nutrients.

[0129] The compositions disclosed herein, in particular,
Bacillus sp.isolate F727 and/or a supernatant, filtrate, extract,
compound, metabolite or cell fraction obtained from a culture
of Bacillus sp. F727, can be used to modulate or more par-
ticularly promote growth of plants, e.g. crops such as fruit
(e.g., strawberry), vegetable (e.g., tomato, squash, pepper,
eggplant), legumes or grain crops (e.g., soy, wheat, rice,
corn), tree, flower, ornamental plants, shrubs (e.g., cotton,
roses), turf (e.g., annual rye grass, Bermuda grass, buffalo
grass, colonial bentgrass, creeping bentgrass, dichondra, hard
fescue, Kentucky bluegrass, kikuyugrass, perennial ryegrass,
red fescue, rough bluegrass, seashore paspalum, St. August-
ine grass, tall fescue, zoysiagrass, etc.), bulb plants (e.g.,
onion, garlic) or vine (e.g., grape vine). The compositions can
also be used to modulate the germination of a seed(s) in a
plant(s).

[0130] The compositions disclosed herein, or formulated
product, can be used alone or in combination with one or
more other components as described below, such as growth
promoting agents and/or anti-phytopathogenic agents in a
tank mix or in a program (sequential application called rota-
tion) with predetermined order and application interval dur-
ing the growing season. When used in a combination with the
above-mentioned products, at a concentration lower than rec-
ommended on the product label, the combined efficacy of the
two or more products (one of which is the said composition
disclosed herein) is, in certain embodiments, greater than the
sum of each individual component’s effect. Hence, the effect
is enhanced by synergism between these two (or more) prod-
ucts, and the risk for the development of pesticide resistance
among the plant pathogenic strains is reduced.

[0131] The composition can be applied by root dip at trans-
planting, specifically by treating a fruit or vegetable with the
composition by dipping roots of the fruit or vegetable in a
suspension of said composition (about 0.25 to about 1.5% and
more particularly about 0.5% to about 1.0% by volume) prior
to transplanting the fruit or vegetable into the soil.

[0132] Alternatively, the composition can be applied by
drip or other irrigation system. Specifically, the composition
can be injected into a drip irrigation system. In a particular
embodiment, the composition is applied at a concentration of
1x10® colony-forming units (CFUYml in a volume of
approximately 11 to approximately 4 quarts per acre.

Plant Growth Promotion
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[0133] In yet another embodiment, the composition can be
added as an in-furrow application. Specifically, the composi-
tion can be added as an in-furrow spray at planting using
nozzles calibrated to deliver a total output of 2-6 gallons/acre.
Nozzles are placed in the furrow opener on the planter so that
the pesticide application and seed drop into the furrow are
simultaneous.

[0134] Mixtures of the disclosed compositions with, for
example, a solid or liquid adjuvant are prepared in known
manner. For example, mixtures can be prepared by homoge-
neously mixing and/or grinding the active ingredients with
extenders such as solvents, solid carriers and, where appro-
priate, surface-active compounds (surfactants). The compo-
sitions can also contain additional ingredients such as stabi-
lizers, viscosity regulators, binders, adjuvants as well as
fertilizers or other active ingredients in order to obtain special
effects.

[0135]

[0136] The compositions disclosed herein can be used in
combination with other growth promoting agents such as
synthetic or organic fertilizers (e.g., di-ammonium phos-
phate, in either granular or liquid form), compost teas, sea-
weed extracts, plant growth hormones such as IAA (indole
acetic acid) used in a rooting hormone treatment for trans-
plants either alone or in combination with plant growth regu-
lators such as IBA (indole butyric acid) and NAA (naphtha-
lene acetic acid), and growth promoting microbes, such as,
for example, PPFM (pink pigmented facultative methylotro-
phs), Bacillus spp., Pseudomonads, Rhizobia, and Tricho-
derma.

[0137] Anti-Phytopathogenic Agents

[0138] The compositions disclosed herein can also be used
in combination with other anti-phytopathogenic agents, such
as plant extracts, biopesticides, inorganic crop protectants
(such as copper), surfactants (such as rhamnolipids; Gandhi
etal., 2007) or natural oils such as paraffinic oil and tea tree oil
possessing pesticidal properties or chemical fungicides or
bactericides with either single site, multisite or unknown
mode of action. As defined herein, an “anti-phytopathogenic
agent” is an agent that modulates the growth of a plant patho-
gen, particularly a pathogen causing soil-borne disease on a
plant, or alternatively prevents infection of a plant by a plant
pathogen. A plant pathogen includes but is not limited to a
fungus, bacteria, actinomycete or virus.

[0139] As noted above, the anti-phytopathogenic agent can
be a single-site anti-fungal agent which can include but is not
limited to benzimidazole, a demethylation inhibitor (DMI)
(e.g., imidazole, piperazine, pyrimidine, triazole), morpho-
line, hydroxypyrimidine, anilinopyrimidine, phosphorothi-
olate, quinone outside inhibitor, quinoline, dicarboximide,
carboximide, phenylamide, anilinopyrimidine, phenylpyr-
role, aromatic hydrocarbon, cinnamic acid, hydroxyanilide,
antibiotic, polyoxin, acylamine, phthalimide, benzenoid (xy-
lylalanine) In a more particular embodiment, the antifungal
agent is a demethylation inhibitor selected from the group
consisting of imidazole, piperazine, pyrimidine and triazole
(e.g., bitertanol, myclobutanil, penconazole, propiconazole,
triadimefon, bromuconazole, cyproconazole, diniconazole,
fenbuconazole, hexaconazole, tebuconazole, tetraconazole).
In a most particular embodiment, the antifungal agent is
myclobutanil. In yet another particular embodiment, the anti-
fungal agent is a quinone outside inhibitor (e.g., strobilurin).
The strobilurin may include but is not limited to azoxystrobin,
kresoxim-methyl or trifloxystrobin. In yet another particular
embodiment, the anti-fungal agent is a quinone, e.g., qui-
noxyfen(5,7-dichloro-4-quinolyl 4-fluorophenyl ether).

Combinations with Plant Growth Promoting Agents

May 8, 2014

[0140] In yet a further embodiment, the fungicide is a
multi-site non-inorganic, chemical fungicide selected from
the group consisting of chloronitrile, quinoxaline, sulpha-
mide, phosphonate, phosphite, dithiocarbamate, chlo-
ralkythios, phenylpyridine-amine, and cyano-acetamide
oxime.

[0141] In yet a further embodiment, the anti-phytopatho-
genic agent can be streptomycin, tetracycline, oxytetracy-
cline, copper, or kasugamycin.

EXAMPLES
Example 1

Isolation and Characterization of Bacillus sp. Isolate
F727 by 16S rRNA, recA and phoR Sequences

[0142] Bacillus sp. strain F727 was isolated from a soil
sample collected in Jonesville, Calif., using traditional plate
dilution methods. The isolate was identified as a Bacillus sp.
through PCR amplification and sequencing of the 16S rRNA,
recA and phoR genes using universal bacterial primers. Cer-
ritos et al. (2008) Int. J. Sys. Evol. Microbiol. 58:919-923;
Guo et al. (2012) Can. J. Microbiol. 58: 1295-1305.

[0143] Growth from a 24 hour potato dextrose plate was
scraped with a sterile loop and resuspended in DNA extrac-
tion buffer. DNA was extracted using the MoBio Ultra Clean
Microbial DNA extraction kit. DNA extract was checked for
quality/quantity by electrophoresis of'a 5 uLL aliquot on a 1%
agarose gel.

[0144] rRNA Sequences

[0145] PCR reactions for the amplification of the 16S
rRNA gene were set up by combining 2 pul, of the clean DNA
extract with 25 pl. of GoTaq Green Mastermix, 1.5 ulL for-
ward primer (FD1 primer, 5'-AGAGTTTGATCCTGGCT-
CAG-3' (SEQ ID NO:4), and 1.5 pL reverse primer (RD1
primer, 5'-AAGGAGGTGATCCAGCC-3' (SEQ ID NO:5)).
The reaction volume was adjusted to 50 pl. with sterile
nuclease-free water. The amplification reaction was con-
ducted using a thermocycler machine under the following
conditions: 10 minutes at 95° C. (initial denaturing), 30
cycles of 45 seconds at 94° C., 45 seconds at 55° C. and 2
minutes at 72° C., followed by 5 minutes at 72° C. (final
extension) and a final hold temperature of 10° C.

[0146] The size, quality and quantity of the amplification
product was evaluated by electrophoresis of a 5 ulL aliquot on
a 1% agarose gel, and comparison of the product band with a
mass ladder.

[0147] Excess primers, nucleotides, enzyme and template
were removed from the PCR product using the MoBio PCR
clean up Kit. The cleaned PCR product was subjected to
direct sequencing using the primers described above.

[0148] The forward and reverse sequences were aligned
using the BioEdit software, and a 1459 bp consensus
sequence was created.

F727 FD1 16S Sedquence:
(SEQ ID NO: 1)
TATACATGCAAGT CGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAG

CGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGAT
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-continued
AACTCCGGCARACCGGGGCTAATACCGGATGCTTGTTTGAACCGCATGE

TTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGG
CGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTA
GCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAG
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTC
TGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCT
CTGTTGTTAGGGAAGAACAAGTGCCGTTCGAATAGGGCGGCACCTTGAC
GGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTA
ATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCG
CAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAG
GGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTC
CACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGA
AGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGARAAGCGTGGGGA
GCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAACGATGAGTGCT
AAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGC
ACTCCGCCTGGGGAGTACGGT CGCAAGACTGAAACTCAAAGGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCN
AGAACCTTACCANGTCTTGACATCCTCTGACAATCCTAGAGATAGGACG
TCCCCTTCGGGGGCAGAGTGACNNNGGNGCATGGNNGT CGTCAGCTCGT
GTCGTGAGATGTTGGGTAAGTCCCGCACNAGCGCAACCCNTTGATCTTA
NTTGCCAGCATTCANTTGGNNNNNNNNNNNNNACTGCCNNNACNANCCG
NNNAAGGNNNGGGNATNACGTNNANNNATNCNNGCCCNNNNTGACNNNN
NNCACNCCNNNNNNNNNNANNGNNNNNNAANNANNGGGNCNNNNNGNNN
NNNAAANNNCNNNCNCNNNNGNGNN

F727 RD1 163 Sequence::

(SEQ ID NO:
TCATCTGTCCCACCTTCGGCGGCTGGCTCCATAAAGGTTACCTCACCGA
CTTCGGGTGTTACAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGGC
CCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTC
CAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGAT
TTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCA
TTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGT
CATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCC
AACTGAATGCTGGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTT
AACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTC
ACTCTGCCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGT
CAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTC
CACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGA
CCGTACTCCCCAGGCGGAGTGCTTTAATGCGT TAGCTGCAGCACTAAGG

GGCGGAAACCCCCTAACACTTAGCACTCATCGTTTTACGGCGTGGACTA
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-continued
CCAGGGTATCTAATCCTGTTCGCTCCCCCACGCTTTCGCTCCCTCAGCE

TCAGTTACAGACCCAGAGAGTCGCCTTCGCCCCACTGGTGTTCCTCCAC
ATCCTCTACGCATTTCACCCGGCTACAACGTGGAATTCCACTCTCCTCT
TCTGCACTCAAGTTTCCCCAGTTTCCAATGACCCCTCCCCGGTTGAGCC
CGGGGGCTTTCACATCAGACTTAAAGAAACCCGCCTGCGAGCCCTTTAC
GCCCAATAATTCCGGACACGCTTGGCCACCTACGTATTACCGCGCTTGC
TTGGCACGTTAGTAGCCGTGGCTTTTCTGGTTAGTTAACCGTCAGTGCC
GCCTATTCGGAACGGTACTTGTTCTTCCCTACACAGAGCTTTACGATCG
AAACTCATCACCTCCACGCGCGTGCTCGTCAGAACTTTCGTCATGCGAA
GATCCTACTGCTGCCTCCGTAGGGTTGGCGTTTCTCTCAGTCCAGTGGC
CATACGTCAGTAGCTACCCATCGTGCCTAGTGAGCGTTACCTCACCCAC
CTAGGC
F727 Consensus 16S Sequence:

(SEQ ID NO:
TATACATGCAAGT CGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAG
CGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGAT
AACTCCGGGAAACCGGGGCTAATACCGGATGCTTGTTTGAACCGCATGG
TTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGG
CGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTA
GCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAG
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTC
TGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCT
CTGTTGTTAGGGAAGAACAAGTGCCGTTCGAATAGGGCGGCACCTTGAC
GGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTA
ATACGTAGGTGGCCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTC
GCAGGCGGGTTTCTTTAAGTCTGATGTGAAAGCCCCCGGGCTCAACCGG
GGAGGGGTCATTGGAAACTGGGGAAACT TGAGTGCAGAAGAGGAGAGTG
GAATTCCACGTTGTAGCCGGGTGAAATGCGTAGAGGATGTGGAGGAACA
CCAGTGGGGCGAAGGCGACTCTCTGGGTCTGTAACTGACGCTGAGGGAG
CGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCC
GTAAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTG
CAGCTAACGCATTAAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTG
AAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGT
TTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGA
CAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTG
CATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAA
CGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAA
GGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCA
TCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACA

AAGGGCAGCGAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCA
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-continued
GTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGC TGGAATCGCTAGT

AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACAC
ACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTA
ACCTTTATGGAGCCAGCCGCCGAAGGTGGGACAGATGA

[0149] The 16S rRNA gene consensus sequence of strain
F727 was compared to those available sequences of represen-
tatives of the bacterial domain using BLAST. The closest
species match was to Bacillus sp. (accession number
GU250449.1), with 99% similarity. No single 16S sequence
in the publicly available databases showed a 100% similarity
to strain F727.

[0150] Additionally, the consensus sequence was analyzed
using the EzTaxon-e server (eztaxon-e.ezbiocloud.net/; Kim
et al., 2012) on the basis of 16S rRNA sequence data. The
closest matches (shown in Table 1) included type strains for
several species of the genus Bacillus that cannot be differen-
tiated based solely on 16S rRNA sequences.
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[0151]

[0152] PCR reactions for the amplification ofthe recA gene
were assembled by combining 2 ulL of the clean DNA extract
with 25 ul. of GoTaq Green Mastermix, 1.5 ul. forward
primer (recAf, 5'-GATCGTCARGCAGSCYTWGAT-3',
SEQ ID NO:6), and 1.5 uL reverse primer (recAr, 5'-TTWC-
CRACCATAACSCCRAC-3', SEQ ID NO:7). The reaction
volume was adjusted to 50 pL. using sterile nuclease-free
water. The amplification reaction was conducted on a ther-
mocycler machine under the following conditions: 5 minutes
at 95° C. (initial denaturing), 30 cycles of 30 seconds at 95°
C., 30 seconds at 45° C. and 1 minute at 72° C., followed by
5 minutes at 72° C. (final extension) and a final hold tempera-
ture of 4° C.

[0153] The size, quality and quantity of the PCR product
was evaluated by electrophoresis of a 54 aliquot on a 1%
agarose gel, and comparison of the product band with a mass
ladder.

[0154] Excess primers, nucleotides, enzyme and template
were removed from the PCR product using the MoBio PCR

recA Sequences

TABLE 1
Pairwise
Similarity Completeness
Rank Name Strain Authors Accession (%) Diff/Total nt (%)
1 Bacillus subtilis subsp. BGSC Rooney et EU138467 99.66 4/1168 79.3
inaquosorum 3A28(T) al. 2009
2 Brevibacterium DSM Delaporte AMT747812 99.65 5/1442 100
halotolerans 8802(T) and Sasson
1967
3 Bacillus mojavensis RO-H-1(T)  Roberts et JTH600280 99.58 6/1442 100
al. 1994
4 Bacillus vallismortis  DV1-F- Roberts et JTH600273 99.51 7/1442 100
3(T) al. 1996
5 Bacillus tequilensis 10b(T) Gatson et HQ223107 99.51 7/1427 98.5
al. 2006
6 Bacillus siamensis KCTC Sumpavapol ATVF01000043 99.45 8/1442 100
13613(T) etal. 2010
7 Bacillus subtilis subsp. NCIB (Ehrenberg  ABQLO01000001 99.45 8/1442 100
subtilis 3610(T) 1835) Cohn
1872
8 Bacillus sp. subsp. FZB42(T) Borriss et CP0O00560 99.38 9/1442 100
plantarum al. 2011
9 Bacillus subtilis subsp. NRRL B- Nakamura CP002905 99.38 9/1442 100
spizizenii 23049(T) etal. 1999
10 Bacillus atrophaeus ICM Nakamura ABO021181 99.38 9/1442 100
9070(T) 1989
11 Bacillus sp. subsp. DSM 7(T) Borris (ex FN597644 99.31 10/1442 100
amyloliquefaciens Fukumoto
1943) Priest
et al. 1987
12 Bacillus CBMB205  Madhaiyan ~ EU194897 99.09 13/1434 98.3
methylotrophicus (T) etal.
2010
(Weigmann
1898)
13 Bacillus licheniformis ~ATCC Chester AF017333 98.06 28/1441 100
14580(T) 1901
14 Bacillus sonorensis NRRL B- Palmisano AF302118 91.7 32/1389 95.7
23154(T) etal. 2001
15 Bacillus aerius 24K(T) Shivaji et AJ831843 97.36 38/1442 100
al. 2006
16  Bacillus aerophilus 28K(T) Shivaji et AJ831844 97.15 41/1441 100
al. 2006
17 Bacillus altitudinis 41KF2b(T)  Shivaji et AJ831842 97.15 41/1441 100
al. 2006
18  Bacillus 41KF2a(T)  Shivajiet AJ831841 97.15 41/1441 100
stratosphericus al. 2006
19 Bacillus safensis FO- Satomi et AF234854 97 43/1434 97.5
036b(T) al. 2006




US 2014/0128256 Al

clean up Kit. The cleaned PCR product was subjected to
direct sequencing using the primers described above.

[0155] The forward and reverse sequences were aligned
using the BioEdit software, and a 505 bp consensus sequence
was created.

F727 Forward recA Sequence:

(SEQ ID NO: 8)
AACATTCGGCAAGGTTCCATCATGAAACTCGGGGAAAAGACGGATACAA
GAATTTCAACAGTTCCGAGCGGTTCCCTTGCACTTGATACCGCTCTCGG
AATAGGCGGATACCCGCGCGGACGGATTATTGAAGTATACGGACCTGAA
AGCTCAGGTAAAACGACTGTAGCGCTTCATGCGATTGCTGAAGTTCAGG
AGAAAGGCGGACAAGCCGCATTTATTGATGCTGAGCATGCCCTTGACCC
TGTTTACGCGCAAAAGCTCGGTGTAAATATTGAGGAGCTGCTGCTTTCT
CAGCCTGATACGGGAGAGCAGGCGCTTGAGATTGCCGAAGCGCTGGTAC
GAAGCGGAGCCGTCGATATCGTAGTTGTCGACTCTGTTGCGGCGCTTGT
CCCGAAAGCTGAAATCGAAGGAGACATGGGGGATTCCCACGTCGGTTTG
CAGGCCCGTTTGATGTCTCAAGCGCTCCGTAAGCTTTCCGGTGCCATCA
ATAAATCTAAAACAATCGCAATCTTTATTAACCAAATTCGTGAAAAAGT
CGGCGTTAGGGTCGGAAAAAA
F727 Reverse recA Seguence:

(SEQ ID NO: 9)
GTATAAGATTGCGATTGTTTTAGATTTATTGATGGCACCGGAAAGCTTA
CGGAGCGCTTGAGACATCAAACGGGCCTGCAAACCGACGTGGGAATCCC
CCATGTCTCCTTCGATTTCAGCTTTCGGGACAAGCGCCGCAACAGAGTC
GACAACTACGATATCGACGGCTCCGCTTCGTACCAGCGCTTCGGCAATC
TCAAGCGCCTGCTCTCCCGTATCAGGCTGAGAAAGCAGCAGCTCCTCAA
TATTTACACCGAGCTTTTGCGCGTAAACAGGGTCAAGGGCATGCTCAGC
ATCAATAAATGCGGCTTGTCCGCCTTTCTCCTGAACTTCAGCAATCGCA
TGAAGCGCTACAGTCGTTTTACCTGAGCTTTCAGGTCCGTATACTTCAA
TAATCCGTCCGCGCGGGTATCCGCCTATTCCGAGAGCGGTATCAAGTGC
AAGGGAACCGCTCGGAACTGTTGAAATTCTTGTATCCGTCTTTTCCCCG
AGTTTCATGATGGAACCTTTGCCGAATTGTTTTTCTATTTGCTTAAGAG
CCATATCWAAGRCTGWAWTRAMRATCAA
F727 Consensus recA Sequence:

(SEQ ID NO: 10)
AAGGTTCCATCATGAAACTCGGGGAAAAGACGGATACAAGAATTTCAAC
AGTTCCGAGCGGTTCCCTTGCACTTGATACCGCTCTCGGAATAGGCGGA
TACCCGCGCGGACGGATTATTGAAGTATACGGACCTGAAAGCTCAGGTA
AAACGACTGTAGCGCTTCATGCGATTGCTGAAGT TCAGGAGAAAGGCGG
ACAAGCCGCATTTATTGATGCTGAGCATGCCCTTGACCCTGTTTACGCG
CAAAAGCTCGGTGTAAATATTGAGGAGCTGCTGCTTTCTCAGCCTGATA

CGGGAGAGCAGGCGCTTGAGATTGCCGAAGCGCTGGTACGAAGCGGAGC

CGTCGATATCGTAGTTGTCGACTCTGTTGCGGCGCTTGTCCCGAAAGCT
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-continued
GAAATCGAAGGAGACATGGGGGATTCCCACGTCGGTTTGCAGGCCCGTT

TGATGTCTCAAGCGCTCCGTAAGCTTTCCGGTGCCATCAATAAATCTAA
AACAATCGCAATCTT

[0156] The recA gene consensus sequence of strain F727
(SEQ ID NO:10) was compared to representative bacterial
sequences using BLAST. The closest species match was to
the complete genome of Bacillus amyloliquefaciens (acces-
sion number CP002927.1), with 92% similarity.

[0157] phoR Sequences

[0158] PCR reactions for the amplification of the phoR
gene were assembled by combining 2 pl. of the clean DNA
extract with 25 pl. of GoTaq Green Mastermix, 1.5 ulL for-
ward primer (phoR-f: 5'-TTYARYTCATGRGAVACATT-3',
SEQIDNO:11),and 1.5 ul reverse primer (phoR-r: 5'-GGN-
TAYAAANARGAGGAGCC-3', SEQ ID NO:12). The reac-
tion volume was adjusted to 50 uL. using sterile nuclease-free
water. The amplification reaction was conducted on a ther-
mocycler machine under the following conditions: 5 minutes
at 95° C. (initial denaturing), 35 cycles of 45 seconds at 95°
C., 45 seconds at 48° C. and 1 minute at 72° C., followed by
10 minutes at 72° C. (final extension) and a final hold tem-
perature of 4° C.

[0159] The size, quality and quantity of the PCR product
was evaluated by electrophoresis of a 5 pl. aliquot on a 1%
agarose gel, and comparison of the product band with a mass
ladder.

[0160] Excess primers, nucleotides, enzyme and template
were removed from the PCR product using the MoBio PCR
clean up Kit. The cleaned PCR product was subjected to
direct sequencing using the primers described above.

[0161] A 998 nucleotide phoR sequence was obtained
using the reverse primer described above.

F727 Reverse pHOR seguence:

(SEQ ID NO: 13)
TCGTTGTCTGTATCATATTGGTTTTCAGTGTTCTCGGCCTTTTCTTGCA
GCAGCTCATTTCTTCATCCGCCAAGGAAAGAACGGAGGGACAGCTTGAA
AAGGAAGCCGCATACATAGCCGGACTCCTTGACGCCGGCCAAGTAAACA
ATAAAAGAAACGAAACGGTCATTAAAGATGCCAGCCGTACATTAGATAT
CGACGTGTCCGTATTAAATGAAAAAGGCCGCGGTTTATATCACTCAGGC
AGACGCGCTGATGACTCGGCTATAAAGGAATTCGTCTCCCGTAATAAAA
ATGCGGCGGCGATTCAGAACGGAGAGAAAGTATGGCATGGAACGGCCCT
TAAAAACGCCGCCGGCCAAACGGCGGGATATGTGCTCGTTTCCTCGCGG
ATCGATAAAGGTTCGAATATAACAGGGGAAATGTGGGGCATGCTGGCTG
CAAGCCTTTGTACTGCTTTTATTATTATCGTTTTCTTCTATACGAATAT
GACCTCCCGTTACAAAAGGTCAATCGACTCCGCGACAAAAGTGGCCACT
GAGCTGTCTAAGGGGAACTATGACGCCCGCTCCTACGGCGGGTACGCAA
GACGCTCAGACCGTCTCGGGCGCGCTATGAACAGCCTCGCTGTGGATTT
GATGGAAATGACGAGAACGCAGGATATGCAGCGCGACCGCCTGCTGACC
GTCATCGAAAATATCGGATCAGGTTTGATTTTAATAGACGGGAGAGGCT

TTATTAATCTCGTGAACAGGTCGTATACGAAGCAGTTCCATACAAATCC
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-continued
TGAACGTCTGCTTCGGCGTCTCTACCATGACGCATT TGAGCATGAGGAA
ATCATTCGGCTGGTCGARGACATCT TTATGACAGAAACGAAGAAACGCC
AGCTGCTCACGCTTCCCATCARAAT CGAACGGCGCTATTTTGAGGTTGA
CGGCGTCCCGATTATGGGCCCTGACGATGAATGGARRAGGCATTGTTCT
CGTGTTTCATGATATGAC

[0162] The phoR reverse sequence was compared to repre-
sentative bacterial sequences using BLAST. The closest spe-
cies match was to the complete genome of several Bacillus
amyloliquefaciens strains with only 83% similarity.

Example 2

Fatty Acid Composition of Isolate F727

[0163] A fatty acid profile of isolate F727 was performed at
MIDI Labs, Inc (Newark, Del.), according to commercial
standards. Results are shown in Table 2. Comparison of its
fatty acid profile to the RTSBAG6 6.10 fatty acid database
showed that isolate F727 had a similarity index of 0.885 with
Bacillus subtilis.

TABLE 2
Fatty Acid %
13:0 iso 0.44
13:0 anteiso 0.32
14:0 iso 1.09
14:0 0.45
15:0 iso 26.19
15:0 anteiso 37.58
16:1 w7c OH 0.56
16:0 iso 2.57
16:1wllc 2.53
16:0 2.99
17:1w10c¢ 2.92
Sum 4 0.82
17:0 iso 12.59
17:0 anteiso 8.71
18:0 0.23

Example 3

Characterization of Isolate F727 by MALDI-TOF
Protein Profile

[0164] A MALDI-TOF mass spectroscopic protein finger-
print of isolate F727 was performed at MIDI Labs, Inc. (New-
ark, Del.). Isolate F727 displayed a MALDI-TOF protein
profile unlike that of any other microorganism present in the
database of mass spectra. Some similarities with protein pro-
files of Bacillus vallismortis, Bacillus mojaviensis and Bacil-
lus subtilis were observed; however, none of the similarity
scores were high enough to be indicative of even a generic
match.

Example 4
Biochemical Characterization of Bacillus sp. Isolate
F727
[0165] Gram Stain
[0166] Gram staining is a method of differentiating bacteria

based on the physical properties of the cell wall, primarily the
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composition of peptidoglycan. Gram-positive bacterial iso-
lates have a thick peptidoglycan layer resulting in a purple/
blue staining; whereas gram-negative bacterial isolates have a
thinner peptidoglycan layer in the cell wall, resulting in a
red/pink staining Microscopic inspection of isolate F727 after
Gram staining revealed purple cells, indicating that Bacillus
sp. isolate F727 is a Gram-positive bacterium.

[0167)]

[0168] The urease test is used to detect the activity of the
enzyme urease, which catalyzes the conversion of urea to
ammonia and bicarbonate. The urea broth contains urea and
the pH indicator phenol red. The indicator turns yellow in an
acidic environment and pink in an alkaline environment. If
urease enzymatic activity is present, the urea in the broth is
degraded to produce ammonia, and the medium turns pink,
indicating a positive test.

[0169] After inoculation with isolate F727, urea broth
changed color from red to yellow, indicating a negative test
for urease activity. Thus, Bacillus sp. isolate F727 created an
acidic environment, indicative of the absence of urease activ-

ity.
[0170]

[0171] The catalase test is used to detect the activity of the
enzyme, catalase. Catalase breaks down hydrogen peroxide
into oxygen and water. Organisms that possess catalase activ-
ity produce gas bubbles when treated with hydrogen perox-
ide. Bubbles formed within seconds of applying the reagent to
a culture of Bacillus sp. isolate F727, indicating that this
organism possesses catalase activity.

[0172]

[0173] The oxidase test is used to detect the presence of
cytochrome ¢ oxidase activity. Bacteria that contain cyto-
chrome ¢ as part of their respiratory chain are oxidase-posi-
tive and turn the reagent purple. Conversely, bacteria that are
oxidase negative do not oxidize the reagent, leaving it color-
less. Bacillus sp. isolate F727 turned the reagent purple, dem-
onstrating that it possessed oxidase activity.

[0174] TSI Agar

[0175] Triple sugar iron (TSI) agar is used to determine the
ability of a microorganism to ferment glucose, lactose and/or
sucrose, as well as the ability of enteric bacteria to produce
hydrogen sulfide. The medium contains the pH indicator phe-
nol red as well as ferrous sulfate, which reacts with hydrogen
sulfide to produce a black precipitate. When isolate F727 was
tested, the slant remained red while the butt changed from red
to yellow, and no black color was observed. These results
indicate that isolate F727 does not produce hydrogen sulfide
and ferments only glucose, not lactose or sucrose.

[0176] Antibiotic Susceptibility

[0177] Antibiotic susceptibility of Bacillus sp. isolate F727
was tested using antibiotic discs on Muller-Hinton medium.
A looptul of F727 was resuspended in 1 mL. of sterile deion-
ized water, and 100 ul. of this suspension was streaked onto a
Mueller-Hinton agar plate. After absorption of the streak into
the agar, pre-loaded antibiotic discs were placed on the plate,
and the plate was incubated at 25° C. for 48 hours. Results are
presented in Table 3.

Urease activity

Catalase Activity

Oxidase Activity
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TABLE 3-continued

Susceptibility of Bacillus sp. F727 to various antibiotics

Susceptibility of Bacillus sp. F727 to various antibiotics

Concentration (ug) Susceptibility* Concentration (ug) Susceptibility™*
Tetracycline 30 +++ Imipenem 10 +++
Kanamyecin 30 +++ Sulphamethoxazole- 23.75/25 +++
Erythromycin 15 +++ Trimethoprim
Streptomycin 10 ++
Penicillin 10 S+ *+++ indicates highly susceptible (no growth); ++ indicates moderately susceptible (re-
Ampicillin 10 e duced growth); — indicates no susceptibility
Oxytetracycline 30 +++ .
Chloramphenicol 30 +++ [0178] APl ZYM Str 1p
gg;r;ﬁ;i?;m 13 :: [0179] The API ZYM strip (BioMerrieux) provides a
Piperacillin 100 St method for testing various enzymatic activities of a microbe.
Cefuroxime 30 o+ The assay was carried out according to the manufacturer’s
instructions, and a summary ofthe results is shown in Table 4.
TABLE 4
Enzyme assayed Interpretation
No. for Substrate pH Positive Negative Results
1 Control 8.5 Colorless or color of -
the sample if it has
intense coloration
2 Alkaline 2-naphthyl phosphate 6.5 Violet  Colorless ++
phosphatase or very
3 Esterase (C4) 2-naphythyl butyrate 7.5 Violet  paleyellow  ++
4  Esterase Lipase (C 8)  2-naphthyl caprylate 7.5 Violet +
5 Lipase (C 14) 2-naphthyl myristate 7.5 Violet -
6 Leucine arylamidase  L-leucyl-2- 7.5 Orange +
naphthylamide
7 Valine arylamidase L-valyl-2- 7.5 Orange +
naphthylamide
8 Cysteine L-cystyl-2- 7.5 Orange -
arylamidase naphthylamide
9  Trypsin N-benzoyl-DL-arginine- 8.5 Orange -
2-naphthylamide
10 a-chymotrypsin N-glutaryl- 7.5 Orange -
phenylalanine-2-
naphthylamide
11  Acid phosphatase 2-naphthyl phosphate 5.4 Violet +++
12 Naphthol-AS-BI- Naphthol-AS-BI- 5.4 Blue +++
phosphohydrolase phosphate
13 a-galactosidase 6-Br-2-naphthyl-aD- 5.4 Violet -
galactopyranoside
14 B-galactosidase 2-naphthyl-pD- 5.4 Violet -
galactopyranoside
15  pB-glucuronidase Naphthol-AS-BI-pD- 5.4 Blue -
glucuronide
16 a-glucosidase 2-naphthyl-aD- 5.4 Violet -
glucopyranoside
17 p-glucosidase 6-Br-2-naphthyl-pD- 5.4 Violet -
glucopyranoside
18 N-acetyl-f- 1-naphthyl-N-acetyl- 5.4 Brown -
glucosaminidase PD-glucosaminide
19 a-mannosidase 6-Br-2-naphthyl-aD- 5.4 Violet -
mannopyranoside
20 a-fucosidase 2-naphthyl-al- 5.4 Violet -
fucopyranoside
[0180] API 20 NE Strip
[0181] The API® 20 NE strip consists of 20 microtubes that

contain dehydrated substrates. The conventional tests were
inoculated with a Bacillus sp. isolate F727 suspension which
reconstitutes the medium. Metabolism produced color
changes in the microtubes. The assimilation tests were inocu-
lated with a minimal medium and Bacillus sp. isolate F727
grows if the bacterium is capable of utilizing the substrate.
The reactions were analyzed according to the manufacturer’s
reading table, and the results are summarized in Table 5.
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TABLE 5
Active Results
Test Ingredient Reaction/Enzymes Negative Positive Summary
NO, Potassium Nitrate Reduction of nitrates to NIT 1 + NIT 2, read after 5 min +
nitrites Colorless Pink-Red
Reduction of nitrates to ZN, read after 5 min -
nitrogen Pink Colorless
TRP L-tryptophan Indole production JAMES, read Immediately -
(tryptophan) Colorless Pink
Pale-green/
yellow
GLU D-glucose Fermentation (glucose)  Blueto green  Yellow -
ADH L-arginine Arginine Dihydrolase yellow Orange/pink/red -
URE Urea Urease yellow Orange/pink/red -
ESC Esculin ferric Hydrolysis (p- yellow Grey/brown/black +
citrate glucosidase)(esculin)
GEL Gelatin Hydrolysis No pigment Diffusion of black +
(bovine origin) (protease)(gelatin) diffusion pigment
PNG 4-nitrophenyl-pD- B-galactosidase (Para- colorless Yellow -
galactopyranoside nitrophenyl-fD-
galactopyranosidase)
IGLUI  D-glucose Assimilation of glucose ~ Transparent Opaque +
IARA|  L-arabinose Assimilation of Transparent Opaque -
arabinose
IMNE|  D-mannose Assimilation of Transparent Opaque -
mannose
IMAN|  D-mannitol Assimilation of Transparent Opaque +
mannitol
INAGI  N-acetyl- Assimilation of n- Transparent Opaque +
glucosamine acetyl-glucosamine
IMAL|  D-maltose Assimilation of maltose ~ Transparent Opaque +
IGNT|  Potassium Assimilation of Transparent Opaque -
gluconate potassium gluconate
ICAPI  Capric acid Assimilation of capric Transparent Opaque -
acid
IADII  Adipic acid Assimilation of adipic Transparent Opaque -
acid
IMLT|  Malic acid Assimilation of malate Transparent Opaque +
|CITI Trisodium citrate  Assimilation of Transparent Opaque =
trisodium citrate
[PACI  Phenylacetic acid Assimilation of Transparent Opaque -
phenylacetic acid
Positive: +
Negative: —
Weak: +

Example 5
Isolation and Characterization of Compounds A, B &
C
[0182] Purification Procedure
[0183] The following procedure (outlined in FIG. 1) was

used for the purification of compounds extracted from a cell
culture of Bacillus sp. isolate F727.

[0184]

The culture broth from a 1-L fermentation of Baci/-

lus sp. isolate F727 in growth medium was extracted with
Amberlite XAD-7 resin (Asolkar et al., 2006) by shaking the
cell suspension with resin at 155 rpm for two hours at room
temperature. The resin and cell mass were collected by filtra-
tion through cheesecloth and washed with deionized water to
remove salts. The resin, cell mass, and cheesecloth were then
soaked for 2 hours in acetone, after which the acetone was
filtered and dried under vacuum, using a rotary evaporator, to
provide a crude extract.

[0185] The crude extract was subjected to reversed-phase
C18 vacuum liquid chromatography (VLC, H,O/CH;0OH;
gradient 80:20 to 0:100%) to yield 6 fractions. These frac-
tions were concentrated to dryness using a rotary evaporator,
and the resulting dry residues were screened for biological

activity using an agar-disc assay. See Example 16 below. This
assay identified C-18 VLC Fraction 3 as possessing fungi-
cidal activity.

[0186] Active fraction 3 was subjected to reversed phase
HPLC (Spectra System P4000, Thermo Scientific) to provide
pure compounds, which were then screened in above men-
tioned bioassays to locate/identify the active compounds.
[0187] Theactive fraction 3 was purified furtherona HPL.C
C-18 column (Phenomenex, Luna 10u C18(2) 100 A, 250x
30) using a water:acetonitrile (containing 0.01% TFA) gradi-
ent solvent system (0-10 min; 70% aqueous CH;CN, 10-20
min; 70-45% aqueous CH;CN, 20-40 min; 45-30% aqueous
CH,CN, 40-60 min; 30-0% CH,CN, 60-65 min; 100%
CH;CN, 65-70 min; 0-30% aqueous CH,CN) at 8 m[./min
flow rate with UV detection at 210 nm. Three purified com-
pounds were obtained:

[0188] Compound A (F727F3H11), having a retention time
0f35.95 min,
[0189] Compound B (F727F3H14), having a retention time

0f37.26 min, and

[0190] Compound C (F727F3H17), having a retention time
0f38.11 min.

[0191] Mass Spectroscopy

[0192] Mass spectroscopic analysis of compounds A, B and

C was performed on a Thermo Finnigan LCQ Deca XP Plus
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electrospray (ESI) instrument using both positive and nega-
tive ionization modes in a full scan mode (m/z 100-1500 Da)
on a LCQ DECA XPP?*“ Mass Spectrometer (Thermo Elec-
tron Corp., San Jose, Calif.). A Thermo high performance
liquid chromatography (HPLC) instrument equipped with
Finnigan Surveyor PDA plus detector, autosampler plus, MS
pump and a 4.6 mmx100 mm Luna C18 5 um column (Phe-
nomenex) was used. The solvent system consisted of water
(solvent A) and acetonitrile (solvent B). The mobile phase
begins at 10% solvent B and is linearly increased to 100%
solvent B over 20 min and then maintained at 100% Solvent
B for 4 min, and finally returned to 10% solvent B over 3 min
and maintained at 10% B for 3 min. The flow rate was 0.5
ml./min. The injection volume was 10 pl. and the samples
were kept at room temperature in an auto sampler.

[0193] The compounds were analyzed by LC-MS utilizing
the L.C and reversed phase chromatography. Mass spectro-
scopic analysis of the present compounds was performed
under the following conditions: the flow rate of nitrogen gas
was fixed at 30 and 15 arb for the sheath and aux/sweep gas
flow rate, respectively. Electrospray ionization was per-
formed with a spray voltage set at 5000 V and a capillary
voltage at 35.0V. The capillary temperature was set at 400° C.
The data was analyzed on Xcalibur software.

[0194] The molecular weight of Compound A
(F727F3H11) was determined to be 1044, based on a molecu-
lar ion peak at 1043.84 (M-H) in the negative ionization
mode (FIG. 2). This determination was supported by the
ionization pattern in the positive mode ESIMS, which showed
apeak at 1045.48 (M+H) and a pseudomolecular ion peak at
1067.55 (M+Na) (FIG. 3).

[0195] The molecular weight of Compound B
(F727F3H14) was determined to be 1058, based on a molecu-
lar ion peak at 1057.83 (M-H) in the negative ionization
mode (FIG. 4). This determination was supported by the
ionization pattern in the positive mode ESIMS which showed
apeak at 1059.56 (M+H) and a pseudomolecular ion peak at
1081.63 (M+Na) (FIG. 5).

[0196] The molecular weight of Compound C
(F727F3H17) was determined to be 1072, based on a molecu-
lar ion peak at 1071.85 (M-H) in the negative ionization
mode (FIG. 6). This determination was supported by the
ionization pattern in the positive ESIMS which showed a peak
at 1073.57 (M+H) and a pseudomolecular ion peak at 1095.
62 (M+Na) (FIG. 7).

[0197] Plug assay method for antifungal testing of fraction
and pure compounds Fractions and purified compounds were
tested for anti-fungal activity as follows. A filter disc was
placed in each quadrant of a medium-sized petri dish (four
discs total). Each disc was placed 2 cm from the center of the
dish. 15 pL. of column fraction or purified compound (20
mg/ml) was dispensed onto the surface of each of two discs
opposite each other. Ethanol was dispensed on the other two
discs as a control. After the filter discs were loaded, small
plugs (ca. 1x1 cm) of fungi were placed in the center of the
petri dish. Fungal pathogens used were Bipolaris maydis,
Botrytis cinerea, Sclerotinia homeocarpa and Rhizoctonia
solani. The plates were incubated at 25° C. and, after 48
hours, the zone of inhibition around each filter disc was
measured. The results are shown in FIG. 8 for VLC fraction 3
and compounds A, B and C; and indicate that all three com-
pounds possess significant fungicidal activity.

May 8, 2014

[0198] Amino Acids Analysis of Compounds A, B & C
[0199] Compound A (F727F3H11, 0.05 mg) was hydro-
lyzed by liquid phase hydrolysis (6N HCL, 1% Phenol, 110°
C., 24 hr, in vacuum). After cooling, the reaction mixture was
dried and the hydrolyzed product was dissolved in Norleu
dilution buffer to 1.0 mL. volume. A 50 pl aliquot of this
sample was loaded onto an ion-exchange column for analysis.
[0200] For standards and calibration, an amino acid stan-
dards solution for protein hydrolysate on the Na-based Hita-
chi 8800 (Sigma, A-9906) was used to determine response
factors, and thus calibrate the Hitachi 8800 analyzer for all of
the amino acids. Each injection contained norleucine as an
internal standard, to allow correction of the results for varia-
tions in sample volume and chromatography variables. The
system utilized Pickering Na buffers, Pierce Sequanal grade
HCI (hydrolysis), a Transgenomic lon-Exchange column and
an optimized method developed by Molecular Structure
Facility (MSF), UC Davis. The individual amino acids
present in each sample were reported. The amino acids
present in compound A were found to be glutamine (1 unit),
proline (1 unit), serine (1 unit), tyrosine (1 unit) and aspar-
agine (3 units).

[0201] The amino acid compositions of compounds B and
C were analyzed in similar fashion. Compounds B and C were
found to have the same amino acids, in the same ratio, as did
compound A.

Example 6

Effect of Bacillus sp. Isolate F727 on Botrytis in
Tomato Plants

[0202] Tomato plants (Solanum lycopersicum) var. Roma
were treated with supernatant from an F727 fermentation.
Each plant was sprayed with approximately 3 ml of cell-free
fermentation supernatant. Plants were allowed to dry and
were then inoculated with 2 ml of a suspension of Botrytis
cinerea spores at a concentration of 6.67x107 spores/ml. A
control plant was sprayed with deionized water, two negative
control plants were sprayed only with spores (at concentra-
tions of 1x107 spores/ml and 6.67x10” spores/ml), and a posi-
tive control plant was sprayed with SWITCH® 65.2 WG
(Cypronidil and Fludioxonil, marketed by Bayer Crop Sci-
ences, Inc.) at rate of 14 0z/100 gal/acre. Treatments were
performed in triplicate. Plants were placed in a transparent
plastic bin in a growth room with lights and constant tem-
perature control. Disease rating was performed 8 days after
treatment. Plants were evaluated for disease severity by visual
evaluation of a leaf area symptomatic of the disease and a
disease rating was obtained. See, for example, W C James
(1971) “A Manual of Assessment Keys in Plant Diseases.”
American Phytopathological Society. ISBN 978-0-89054-
081-7. The results, shown in FIG. 9, show that disease sever-
ity was reduced from 65% (infected, untreated control) to
40% in infected plants treated with F727 supernatant.

Example 7

Effect of Bacillus sp. F727 on Downey Mildew in
Lettuce

[0203] Lettuce plants (Lactuca sativa) var. Celtuce, were
planted at a density of four seedlings per pot. Each pot was
sprayed with 2 ml F727 fermentation supernatant.

[0204] Plants were allowed to dry and then inoculated with
2ml of a Bremia lactuca (downy mildew) spore suspension
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(1x10° spores/ml). Treatments were performed in 5 repli-
cates. Treated plants were incubated in trays sealed with a
plastic cover, at 15° C. in a growth chamber with a 12 hour
photoperiod. At 10 days after treatment, disease severity was
evaluated as described in Example 6.

[0205] The results are shown in FIG. 10. Average disease
severity in the untreated control was 54.47%, while plants
treated with F727 showed a disease severity of only 14.64%.
The disease severity in the F727 treated plants was compa-
rable to that obtained after treatment of plants with the chemi-
cal control RIDOMIL® GOLD EC (4% w/w metalaxyl-M
and 64% w/w mancozeb) (150 ppm a.i.) (Syngenta), which
provided 11.67% severity.

Example 8

Comparison of the Effect of Bacillus sp. F727 With
ELEVATE

[0206] Tomato plants (Solanum lycopersicum) var. Roma
were treated with 3 ml F727 fermentation supernatant and
allowed to dry. Plants were then inoculated with approxi-
mately 2 ml Botrytis cinerea spore suspension (2.8x107
spores/ml). A subset of the infected plants was spayed a
second time with F727, after 2 hours or after the first treat-
ment was dry. Inoculated plants were also treated with water
(negative control) and ELEVATE® 50 WDG (Fenhexamid,
Bayer Crop Science, Inc.) as a positive control.

[0207] Treatments were performed in replicates of 4. Nine
days after treatment, disease severity was evaluated as
described in Example 6. The results are shown in FIG. 11.
Disease severity for the water control was 38.3%, while the
positive control (ELEVATE® 50 WDG, Fenhexamid, Bayer
Crop Science, Inc.) reduced disease severity to 13.33%.
Plants treated with 1x and 2x F727 supernatant had a disease
severity of 8.3 and 5% respectively.

Example 9

Effect of F727 Supernatant on B. cinerea Infection in
Peppers

[0208] Pepper plants (Capscicum annuum) var. Serrano
were sprayed with approximately 2 ml F727 supernatant and
allowed to dry. Plants were then inoculated with 2 ml of a
spore suspension of Botrytis cinerea (2.7x107 spores/ml).
Plants were treated in triplicate. Thirteen days after treatment,
disease severity was evaluated and compared to an untreated
control (sprayed with water) and a positive control (sprayed
with Elevate® 50 WDG (Fenhexamid, Bayer Crop Science,
Inc.) applied at label rate.

[0209] The results, shown in FIG. 12, indicate that disease
control in Botrytis cinerea-infected plants that had been
treated with F727 was comparable to that obtained by treat-
ment of plants with Flevate®.

Example 10

Evaluation of F727 Whole Cell Broth, Supernatant
and Cells Produced by Fermentation in Three Media
Against Powdery Mildew on Cucumber

[0210] F727 cells were fermented in three different growth
media (SPY, SMP and TSB). Two week-old cucumber plants
(Cucumis sativus) var. SMR58 were sprayed with approxi-
mately 3 mL of F727 whole-cell broth, F727 supernatant or
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F727 cells obtained from each of these three fermentations.
Cells were pelleted, then resuspended in 10 mM magnesium
sulfate for spraying. Four replicates per treatment were con-
ducted. Plants were allowed to dry for two hours before being
sprayed with approximately 2 mL of a powdery mildew spore
suspension at a concentration of 3.0x10° spores/mL, that had
been prepared from an infected plant. Plants were then incu-
bated in a growth room until disease development, and dis-
ease severity was evaluated as described in Example 6.
[0211] The results, expressed as percentage disease con-
trol, are shown in FIG. 13. Anti-fungal activity on cucumber
was observed with whole cells, whole-cell broth and cell
supernatants obtained from all three media.

Example 11

Evaluation of Efficacy of F727 Whole Cell Broth,
Supernatant and Cells Produced by Fermentation in
Three Media Against Botrytis cinerea on Tomato

[0212] Two week old tomato plants (Solanum lycopersi-
cum) var. Stupice were sprayed with approximately 2 mL of
F727 whole-cell broth, F727 supernatant and F727 cells, each
prepared from three separate fermentations in different
growth media (SPY, SMP and TSB). Cells were pelleted and
resuspended in 10 mM magnesium sulfate for spraying.
Three replicates per treatment were conducted. Plants were
allowed to dry for one hour, then placed under humid condi-
tions to open stomata. Approximately 1 mL of a Botrytis
cinerea spore suspension prepared from a ten-day old cul-
tured agar plate at 1.0x10 spores/mL in 2% Sabouraud mal-
tose broth was sprayed on each plant. Plants were incubated
in a growth chamber with a 12 hour photoperiod until disease
development, and disease severity was evaluated as described
in Example 6.

[0213] The results, expressed as percentage disease con-
trol, are shown in FIG. 14. Anti-fungal activity on tomato was
observed with whole cells, whole-cell broth and cell super-
natants obtained from all three media.

Example 12

Evaluation of Efficacy of F727 Whole Cell Broth,
Commercial Bacillus-Based Products and F727
Whole Cell Broth Mixed With Regalia® Against
Powdery Mildew on Cucumber

[0214] Two week old cucumber plants (Cucumis sativus)
var. SMR58 were sprayed at first true leaf with approximately
3 mL of: Regalia® 5% (Renoutria sachalinensis, Marrone
Bio Innovation, Inc., Davis, Calif.) at 1:2000, Regalia® 5% at
1:200, F727 whole cell broth, F727 whole cell broth+Rega-
lia® 5% at 1:2000, Serenade® (Bayer Crop Science, Inc.) at
1:200, Sonata® (Bayer Crop Science, Inc.) at 1:200, Vacci-
plant® (Laboratoires Goemar S.A.) at 40 ul./50 mL, Com-
panion® (Growth Products, [.td.) at 1:200, and Double
Nickel 55® (Certis USA, L.L.C.) at 0.06 g/50 mL. Four
replicates per treatment were prepared. Plants were allowed
to dry for two hours before approximately 2 mL of a powdery
mildew spore suspension at a concentration of 3.0x10°
spores/ml, was sprayed on each plant. Plants were incubated
in a growth room until disease development.

[0215] The results, shown in FIG. 15, indicate that whole
cell broth from a Bacillus sp. isolate F727 fermentation (iden-
tified as MBI-110 WCB in the Figure) is more effective
against powdery mildew that many existing fungicides.
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Results for Regalia® with and without F727 supernatant are
shown in Table 6. Colby’s synergy coefficient indicates that
synergy exists between F727 whole cell broth and Regalia®
5% at 1:2000.

TABLE 6
Mean % Colby Colby Synergy
Treatment Severity Control Expected Coefficient
F727 WCB 92.5 2.6 — —
Regalia 1:2000 (v/v) 30 68.4 — —
Regalia 1:2000 9v/v) in 8 91.6 69.3 1.32
F727 WCB
Example 13

Evaluation of Efficacy of F727 Whole Cell Broth,
Regalia® and Double Nickel 55® against
Phytophthora infestans on Tomato

[0216] Tomato plants (Solanum lycopersicum) var. Stupice
atatwo true leaf stage were sprayed with 2 mL. of F727 whole
cell broth, Regalia® at 1:200 (Marrone Bio Innovations, Inc.)
and Double Nickel 55® at 0.06 g/50 mL (Certis USA, L.L.
C.). Plants were allowed to dry before being sprayed to cov-
erage with a solution of Phytophthora infestans spores, at a
concentration of 10* spores/mL, prepared from infected
tomato leaves. Plants were incubated in a 20° C. growth
chamber under artificial light. Three days after treatment, the
plants were assessed for disease severity as described in
Example 6.

[0217] The results, shown in FIG. 16, indicate that whole
cell broth from a Bacillus sp. isolate F727 fermentation (iden-
tified as MBI-110 WCB in the Figure) provides robust pro-
tection against P, infestans infection of tomatoes.

Example 14

Evaluation of F727 Control of Sclerotium rolfsii In
Vitro

[0218] Isolate F727 was fermented in liquid medium and
the supernatant was removed by centrifugation. Half of the
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supernatant was filtered through a 0.2 pm filter. Single scle-
rotia of Sclerotium rolfsii were placed in the centers of 10 cm
petri plates and four 0.5 cm diameter discs per plate were
placed at a distance of 2 cm from the fungus and at equal
distances from each other. F727 supernatant, filtered F727
supernatant and Pristine® (BASF) at 0.5 m[/L. were added to
the discs in 12.5 pl aliquots, until the until two opposing disks
held a total of 25 pl and the other two held 50 pl. Two plates
per treatment were prepared. Plates were incubated at 25° C.
for three days.

[0219] The percent inhibition for each test substance was
determined by measuring the mycelial growth from the scle-
rotium to the furthest edge of the colony toward each disk.
Results, shown in FIG. 17, indicate that both filtered and
unfiltered supernatants of F727 were effective in inhibiting
the growth of S. rolfsii in the disc assay. The unfiltered super-
natant was consistently more eftective than the filtered and its
effectiveness was comparable to that of the commercial stan-
dard.

Example 15

Evaluation of F727 Control of Rhizoctonia solani on
Soybean

[0220] Sterile barley grains were inoculated with Rhizoc-
tonia solani and incubated for 1-2 weeks. The grains were
dried, blended and mixed with sand at a one-to-one ratio to
generate a R. solani inoculum. Soil was thoroughly mixed
with this inoculum to a volume of 500 mL. of soil per pot,
watered with 100 mIL of water and incubated in a growth room
for 24 hours. Isolate F727 whole cell broth was prepared at
100%, 50% and 25% strength. The soil was then drenched
with 40 mL of each broth dilution, and nine soybean seeds
were planted in each pot. For each replicate, there were three
pots, and there were three replicates per treatment. Plants
were incubated in a growth room for 14 days. Germination,
plant height, fresh shoot weight and fresh root weight were
evaluated.

[0221] Measurements of shoot stands (Table 7), emergence
(Table 8), average shoot weight (Table 9) and mean shoot
height (Table 10) were determined. The results indicate that
F727 whole cell broth increased emergence, shoot weight and
shoot height in R. solani-infected soybean plants.

TABLE 7
Stands Fisher
Treatment N (Mean of 3 reps) StDev Grouping
1—Non-inoculated control; water treated 3 24.7 1.16 A
2—Non-inoculated control; 100% F727 whole 3 25.0 1.00 A
cell broth
3—1:1600 inoc rate; 100% F727 whole cell broth 3 11.0 3.61 B
4—1:1600 inoc rate; 50% F727 whole cell broth 3 11.7 2.52 B
5—1:1600 inoc rate; 25% F727 whole cell broth 3 8.0 3.61 B
6—1:1600 inoc rate; water control 3 12.0 1.00 B
ANOVA p < 0.0005 LSD a=0.05
TABLE 8
Emergence Fisher
Treatment N (Mean of 3 reps) StDev Grouping
1—Non-inoculated control; water treated 3 24.7 1.16 A
2—Non-inoculated control; 100% F727 WCB 3 25.0 1.00 A
3—1:1600 inoc rate; 100% F727 whole cell broth 3 18.0 2.65 B
4—1:1600 inoc rate; 50% F727 whole cell broth 3 18.3 1.16 B
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TABLE 8-continued
Emergence Fisher
Treatment N (Mean of 3 reps) StDev Grouping
5—1:1600 inoc rate; 25% F727 whole cell broth 3 14.7 3.21 B
6—1:1600 inoc rate; water control 3 15.3 1.16 B
ANOVA p < 0.0005 LSD a=0.05
TABLE 9
Average Shoot Weight (g) Fisher
Treatment N (Mean of 3 replicates) StDev Grouping
1—Non-inoculated control; water treated 3 224 0.87 A
2—Non-inoculated control; 100% F727 WCB 3 24.8 2.09 A
3—1:1600 inoc rate; 100% F727 WCB 3 11.2 3.23 B
4—1:1600 inoc rate; 50% F727 WCB 3 12.0 1.71 B
5—1:1600 inoc rate; 25% F727 WCB 3 8.9 2.88 B
6—1:1600 inoc rate; water control 3 10.5 1.21 B
ANOVA p <0.0005 LSD a=0.05
TABLE 10
Shoot Height (cm) Fisher
Treatment N (Mean of 3 replicates)  StDev Grouping
1—Non-inoculated control; water treated 74 13.1 327 A
2—Non-inoculated control; 100% F727 WCB 75 14.0 3132 A
3—1:1600 inoc rate; 100% F727 WCB 54 7.9 3.641 B
4—1:1600 inoc rate; 50% F727 WCB 55 7.3 5.052 BC
5—1:1600 inoc rate; 25% F727 WCB 44 6.1 552 C
6—1:1600 inoc rate; water control 46 6.0 5.144 C
ANOVA p < 0.0005 LSD a=0.05

Example 16

Evaluation of F727 Control of Bacterial Plant
Pathogens In Vitro

[0222] One ml of sterile water was inoculated with a loop of
each of the bacterial plant pathogens, Erwinia amylovora,
Pseudomonas syringae, Bacillus ceveus, Erwinia carotovora,
Xanthomonas campestris, Xanthomonas arboricola or Clavi-
bacter michiganensis subsp. michiganensis, from cultured
potato dextrose agar (PDA) plates. The bacteria were re-

suspended and 100 ul. of the pathogen re-suspension was
streaked onto a PDA agar plate and left to be absorbed into the
plate for 10-15 minutes. Sterile filter discs were applied to the
agar and were loaded with 20 pL. of F727 VLC fractions (10
mg/mL in methanol) or combinations of the VL.C fractions.
Fractions were obtained from a fermentation of Bacillus sp.
isolate F727 in V8 medium. See Example 5, above.

[0223] Plates were incubated 24-48 hours and then
inspected for the appearance of a zone of inhibition around
the filter disc, indicating susceptibility of the pathogen to the
F727 fraction. Results are shown in Table 11.

TABLE 11

Susceptibility of bacterial phytopathogens to F727 fractions

Clavibacter
michiganensis

Erwinia  Pseudomonas Erwinia Xanthomonas — Xanthomonas sub sp.

F727 sample amylovora syringae Bacillus cereus  carotovora campestris arboricola michiganensis

1. F727-F1 - + - - - + +

2.F727-F2 ++ - - - + - ++

3. F727-F3 ++ + - - + + +

4. F727-F4 ++ + - + - - _

5. F727-F5 + - +++ +++ - + +4++

6. F727-F6 + - + - - - +

7.F727-F2 +F3 - - - + - + T+

8. F727-F3 +F5 - - + ++ - - +++

9.F727-F2 +F6 - - - - - - +
10. F727-F4 + F5 + - ++ +++ - - +4++
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TABLE 11-continued

Susceptibility of bacterial phytopathogens to F727 fractions

Clavibacter
michiganensis

Erwinia  Pseudomonas Erwinia Xanthomonas  Xanthomonas sub sp.
F727 sample amylovora syringae Bacillus cereus  carotovora campestris arboricola michiganensis
11. F727-F4 + F6 - - ++ - - _ _
12. F727-F5 + F6 - - +++ - - T+
Key:
+++ very susceptible,
++ susceptible,
— resistant
[0224] Inhibition of the greatest number of bacterial spe- TABLE 13

cies was observed with Fraction 3. Accordingly, this fraction
was subjected to further fractionation, as described in
Example 5, above. Additionally, Fraction 5 displayed anti-
bacterial activity against Bacillus cereus, Erwinia carotovora
and Clavibacter.

Example 17

Evaluation of F727 Supernatant and Crude Extract,
Prepared in Different Media, for Control of Fungal
Pathogen Germination In Vitro

[0225] Isolate F727 was fermented in 12 different liquid
media. Supernatant and crude extract samples were tested in
a dose-response spore germination assay. In a 48-well plate,
100 uL. of supernatant or crude extract sample was combined
with 200 pLL of 1.5x potato dextrose agar (PDA) and allowed
to solidify. Spore suspensions from fungal plant pathogens
were prepared at the concentrations shown in Table 12, and 50
uL of spore suspension was dispensed on top of the PDA/
treatment mix. The plates were incubated at 25° C. for 3-5
days, and visual evaluation of fungal spore germination was
conducted.

[0226]
tested inhibited the germination of all the pathogens at the
lowest concentration tested (3.13%). The activity of the crude
extracts varied depending on the media used to grow the F727

The results are shown in Table 13. All supernatants

cells (a 0.4% dilution of crude extract was the lowest concen-
tration tested). This indicated that the activity of F727 extracts
can depend on the medium in which the cells are grown and,
thus, optimal activity against a particular pathogen can be
adjusted based on the medium in which the cells are grown.
For example, M24 medium can be used to grow cells whose
extracts would target Fusarium.

TABLE 12

Pathogen Spore concentration used

10* spores/mL
10% spore/mL

10° spores/mL
10* spores/mL

Fusarium oxysporum f. sp. fragariae
Botrytis cinerea

Verticillium dahliae

Alternaria japonica

Minimum inhibitory concentration of F727 crude extract from
different media needed to prevent fungal spore germination

Fusarium
Botrytis oxysporum . Verticillium Alternaria

Medium cinerea sp. fragariae dahliae Japonica
M1 0.40% 1.56% 0.40% 0.40%
M2 1.56% 3.13% 1.56% 0.78%
M3 0.40% 0.78% 0.40% 0.40%
M4 0.40% 0.78% 0.40% 0.40%
M5 1.56% No inhibition 3.13% 0.40%
M6 6.25% No inhibition 6.25% 3.13%
M7 25.00% No inhibition 12.50% 0.78%
M8 No inhibition ~ No inhibition 50.00% No inhibition
M11 0.40% 1.56% 0.40% 0.40%
M12 0.40% 3.13% 0.40% 0.40%
M23 0.40% 1.56% 0.40% 0.40%
M24 0.40% 0.40% 0.40% 0.40%

Example 18

Evaluation of Plant Growth Characteristics of F727
In Vitro

[0227] Isolate F727 was evaluated for plant growth charac-
teristics in vitro, including the ability to solubilize phosphate,
production of ACC-deaminase, production of indole-3-acetic
acid (IAA), production of siderophores (CAS agar) and the
ability to grow with methanol as the sole carbon source (AMS
agar). Phosphate solubilization was evaluated in bromophe-
nol blue-phosphate agar, ACC-deaminase activity was evalu-
ated on agar plates with ACC as sole carbon and nitrogen
source, siderophore production was evaluated on CAS agar,
and methylotrophy was evaluated on a mineral salts agar
amended with methanol as the only carbon source. As shown
in Table 14, Isolate F727 tested positive for all of these plant
growth promotion traits.

TABLE 14
Phosphate ACC-
solubilization deaminase IAA  CASagar AMS agar
F727 +++ +++ + ++ ++

Key:

+++: very strong positive response,
++: positive response,

+: weak positive response
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Example 19

Vigor Analysis of Seeds Treated With F727

[0228] Corn, soy, wheat, rice, sorghum and tomato seeds
were surface sterilized for six minutes with 1% bleach and
rinsed with sterile water five times. Seeds were submerged for
24 hours in F727 suspension prepared in 10 mM magnesium
sulfate. The seeds were dried for 30 minutes for Experiment
#1 and overnight for Experiment #2. Seeds were allowed to
germinate in moist paper towels for several days, and total
fresh weight of the seeds was measured.

[0229] The results are shown in Table 15, and indicate that
Bacillus sp. isolate F727 cells promoted growth of corn,
soybean, sorghum and tomato.

TABLE 15

Experiment #1
Total fresh weight (grams)

Experiment #2
Total fresh weight (grams)

Control F727 Control F727
Corn® 14.06 13.81 Com* 22.96 25.67
Soy 5.46 12.22  Soy 18.65 15.34
Wheat 3.83 3.61 Wheat 3.19 32
Rice 1.47 1.32  Rice 1.31 1.25
Sorghum 0.89 2 Sorghum 1.12 1.346
Tomato 0.38 0.58  Tomato 0.34 0.43

*oar. Kandy Korn
*var. Trucker’s Favorite Yellow, Boone County White and Silver King,

Example 20

Antifungal Activity Against Aspergillus niger

[0230] Whole cell broth (WCB) from a fermentation of
Bacillus sp. isolate F727 was evaluated for its inhibitory
effect on the post-harvest pathogen Aspergillus niger, in a
fruit dip assay. WCB was used undiluted, and diluted in sterile
water to concentrations of 5%, 20%, and 50%.

[0231] Sterilized green grapes were dipped for five seconds
in each of the concentrations of WCB, then placed on a rack
inside a crisper box. Once the fruit was dry, each box received
24 sprays of A. riger inoculum adjusted to 3x10° spore/ml.
100 ml of deionized water was added to each box underneath
the rack to increase humidity, and the boxes were sealed and
incubated at room temperature. Two crisper boxes, each con-
taining 5 grapes per treatment, were included in the experi-
ment. A water treatment was used as a negative control and
the commercial product Switch was used as the positive con-
trol.

[0232] The percentage disease of each fruit was determined
by observing mycelial coverage on each grape. Theresults are
shown in Table 16, and indicate that F727 WCB exhibits
significant anti-Aspergillis activity.

TABLE 16

Percent disease of 4. niger on grapes after a dip treatment with F727
WCB after 12 days of growth.

Treatment Average % Disease Grouping
Water 71 A
5% WCB 71.5 A
20% WCB 34 B
50% WCB 20.5 BC
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TABLE 16-continued

Percent disease of 4. niger on grapes after a dip treatment with F727
WCB after 12 days of growth.

Treatment Average % Disease Grouping
100% B. WCB 10 C
Switch @ 14 oz/gal 35 C
Example 21
Growth Promotion on Corn
[0233] Corn seeds were planted in potting soil mix, in pots

with a diameter of 4 inches, at a density of 10 seed per pot.
Seeded pots were drenched at planting time and one week
thereafter with F727 whole cell broth. Pots were incubated in
a greenhouse. A total of 10 plants per pot and 9 pots per
treatment were evaluated.

[0234] Total fresh weight was recorded after 2 weeks’
growth. Control plants (drenched with water) had a mean
fresh weight of 21.48+4.02 g, while plants that had been
drenched with F727 WCB had a mean fresh weight of 26.5+
3.55 g. These differences are statistically significant, as deter-
mined by Minitab ANOVA Tukey’s. These results provide
additional evidence for the growth-promoting activity of
F727 WCB.

Deposit of Biological Material

[0235] The following biological material has been depos-
ited under the terms of the Budapest Treaty with the Agricul-
tural Research Culture Collection (NRRL), 1815 N. Univer-
sity Street, Peoria, I11. 61604 USA, and given the following
number:

Deposit Accession Number Deposit Date

Bacillus sp. strain F727 NRRL B-50768 Aug. 1,2012

[0236] The strain has 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
deposit represents a substantially pure culture of the depos-
ited strain. The deposit is 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 consti-
tute a license to practice the subject invention in derogation of
patent rights granted by government action.

[0237] Theinvention described and claimed herein is not to
be limited in scope by the specific aspects herein disclosed,
since these aspects are intended as illustrations of several
aspects of the invention. Any equivalent aspects are intended
to be within the scope of this invention. Indeed, various modi-
fications of the invention in addition to those shown and
described herein will become apparent to those skilled in the
art from the foregoing description. Such modifications are
also intended to fall within the scope of the appended claims.
In the case of conflict, the present disclosure including defi-
nitions will control.

[0238] Various references are cited herein, the disclosures
of which are incorporated by reference in their entireties.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13

<210> SEQ ID NO 1

<211> LENGTH: 1250

<212> TYPE: DNA

<213> ORGANISM: Bacillus sp. strain F727 FD1 16S Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (931)..(931)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (944)..(944)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1003)..(1005)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1008)..(1008)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1015)..(1016)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1058)..(1058)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1069)..(1069)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1079)..(1079)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1093)..(1093)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1098)..(1110)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1117)..(1119)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1122)..(1122)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1124)..(1124)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1128)..(1130)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1135)..(1137)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1141)..(1141)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1144)..(1144)

<223> OTHER INFORMATION: n is a, ¢, g, or t
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>

FEATURE:

NAME/KEY: misc_feature
LOCATION: (1149)..(1150)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1152)..(1154)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1157)..(1157)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1159)..(1160)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1165)..(1168)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1173)..(1178)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1182)..(1182)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1185)..(1194)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1196)..(1197)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1199)..(1204)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1207)..(1208)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1210)..(1211)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1215)..(1215)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1217)..(1221)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1223)..(1228)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1232)..(1234)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1236)..(1238)

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1240)..(1240

OTHER INFORMATION:
FEATURE:

n is a,

NAME/KEY: misc_feature
LOCATION: (1242)..(1245)

OTHER INFORMATION:
FEATURE:

n is a,

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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<221> NAME/KEY: misc_feature
<222> LOCATION: (1247)..(1247
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1249)..(1250
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 1
tatacatgca agtcgagcgg acagatggga gettgctecee tgatgttage ggcggacggg 60
tgagtaacac gtgggtaacc tgcctgtaag actgggataa ctccgggaaa ccggggctaa 120
taccggatge ttgtttgaac cgcatggttc aaacataaaa ggtggctteg gctaccactt 180
acagatggac ccgcggegca ttagctagtt ggtgaggtaa cggctcacca aggcaacgat 240
gegtagecga cctgagaggg tgatcggeca cactgggact gagacacggce ccagactect 300
acgggaggca gcagtaggga atcttccgeca atggacgaaa gtctgacgga gcaacgccgce 360
gtgagtgatyg aaggttttcg gatcgtaaag ctetgttgtt agggaagaac aagtgccgtt 420
cgaatagggce ggcaccttga cggtacctaa ccagaaagec acggctaact acgtgcecage 480
agccgeggta atacgtaggt ggcaagegtt gtecggaatt attgggcegta aagggcetcge 540
aggcggttte ttaagtctga tgtgaaagcece cececggctcaa ceggggaggyg tcattggaaa 600
ctggggaact tgagtgcaga agaggagagt ggaattccac gtgtagceggt gaaatgcgta 660
gagatgtgga ggaacaccag tggcgaaggc gactctetgg tcectgtaactg acgctgagga 720
gcgaaagegt ggggagcgaa caggattaga taccctggta gtccacgecg taacgatgag 780
tgctaagtgt tagggggttt ccgccectta gtgctgcage taacgcatta agcactccge 840
ctggggagta cggtcgcaag actgaaactce aaaggaattyg acgggggcecce gcacaagcgg 900
tggagcatgt ggtttaattc gaagcaacgc nagaacctta ccangtcttg acatcctcetg 960
acaatcctag agataggacg tccccttegg gggcagagtyg acnnnggngce atggnngtcg 1020
tcagctegtg tecgtgagatg ttgggtaagt cccgcacnag cgcaaccent tgatcttant 1080
tgccagcatt canttggnnn nnnnnnnnnn actgcecnnna cnancegnnn aaggnnnggg 1140
natnacgtnn annnatncnn gcccecnnnntg acnnnnnnca ¢ncchhnnnhn hnnnanngnn 1200
nnnnaannan hgggncnnnn ngnnnnnnaa annncnnncn c¢nnnhgngnn 1250
<210> SEQ ID NO 2
<211> LENGTH: 1231
<212> TYPE: DNA
<213> ORGANISM: Bacillus sp. strain F727 RD1 16S Sequence
<400> SEQUENCE: 2
tcatctgtee caccttegge ggctggetee ataaaggtta cctcaccgac ttcegggtgtt 60
acaaactcte gtggtgtgac gggcggtgtg tacaaggccce gggaacgtat tcaccgegge 120
atgctgatce gcgattacta gcgattccag cttcacgcag tcegagttgeca gactgegate 180
cgaactgaga acagatttgt gggattgget taacctegeg gtttegetge cctttgttet 240
gtecattgta gcacgtgtgt agcccaggtce ataaggggca tgatgatttg acgtcatccce 300
caccttecte cggtttgtca ccggcagtca ccttagagtyg cccaactgaa tgctggcaac 360
taagatcaag ggttgcgetce gttgcgggac ttaacccaac atctcacgac acgagctgac 420
gacaaccatyg caccacctgt cactctgcce ccgaagggga cgtcctatet ctaggattgt 480
cagaggatgt caagacctgg taaggttctt cgegttgett cgaattaaac cacatgctce 540
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accgcttgtg cgggeccceg tcaattcctt tgagtttcag tcttgcgacce gtactcccca 600
ggcggagtge tttaatgegt tagctgcage actaaggggce ggaaaccccc taacacttag 660
cactcatcgt tttacggegt ggactaccag ggtatctaat cctgtteget cccccacget 720
ttcgctcoect cagegtcagt tacagaccca gagagtcgece ttcegeccccac tggtgttect 780
ccacatcctc tacgcatttce acccggctac aacgtggaat tccactctcce tcttetgceac 840
tcaagtttcc ccagtttcca atgaccccte ccecggttgag cccggggget ttcacatcag 900
acttaaagaa acccgcctgce gagcccttta cgcccaataa ttcecggacac gecttggecac 960

ctacgtatta ccgcgcttge ttggcacgtt agtagccecgtg gettttctgg ttagttaacce 1020
gtcagtgcceg cctattcgga acggtacttg ttcttecccta cacagagett tacgatcgaa 1080
actcatcacc tccacgcgeg tgctcecgtcag aactttegtce atgcgaagat cctactgetg 1140
cctecegtagg gttggegttt ctetcagtcee agtggccata cgtcagtage tacccatcegt 1200
gcctagtgag cgttacctca cccacctagg ¢ 1231
<210> SEQ ID NO 3

<211> LENGTH: 1459

<212> TYPE: DNA

<213> ORGANISM: Bacillus sp. strain F727 Consensus 16S Sequence

<400> SEQUENCE: 3

tatacatgca agtcgagegg acagatggga gettgetcee tgatgttage ggeggacggg 60
tgagtaacac gtgggtaacc tgcctgtaag actgggataa ctcegggaaa ccggggctaa 120
taccggatge ttgtttgaac cgcatggtte aaacataaaa ggtggetteg gctaccactt 180
acagatggac ccgcggegea ttagetagtt ggtgaggtaa cggetcacca aggcaacgat 240
gegtagecga cctgagaggg tgatcggeca cactgggact gagacacgge ccagactect 300
acgggaggca gcagtaggga atctteegea atggacgaaa gtctgacgga gcaacgcecgce 360
gtgagtgatg aaggttttcg gatcgtaaag ctctgttgtt agggaagaac aagtgeegtt 420
cgaataggge ggcaccttga cggtacctaa ccagaaagec acggctaact acgtgccage 480
agccgeggta atacgtaggt ggccaagegt tgtceggaat tattgggegt aaagggeteg 540
caggcgggtt tctttaagte tgatgtgaaa gecceeggge tcaacegggg aggggtcatt 600
ggaaactggg gaaacttgag tgcagaagag gagagtggaa ttccacgttyg tagecegggtyg 660
aaatgcgtag aggatgtgga ggaacaccag tggggcgaag gegactctcet gggtcetgtaa 720
ctgacgctga gggagcgaaa goegtggggga gcgaacagga ttagatacce tggtagtcca 780
cgcegtaaaa cgatgagtge taagtgttag ggggttteeg ceccttagtyg ctgcagctaa 840
cgcattaaag cactccgect ggggagtacg gtegcaagac tgaaactcaa aggaattgac 900
gggggcecege acaagceggtg gagcatgtgg tttaattcga agcaacgcga agaaccttac 960

caggtcttga catcctctga caatcctaga gataggacgt ccccttcecggg ggcagagtga 1020
caggtggtgc atggttgtcg tcagctegtg tcgtgagatg ttgggttaag tceccgcaacg 1080
agcgcaaccce ttgatcttag ttgccagcat tcagttgggce actctaaggt gactgccggt 1140
gacaaaccgg aggaaggtgg ggatgacgtc aaatcatcat gccccttatg acctgggceta 1200
cacacgtgct acaatggaca gaacaaaggg cagcgaaacce gcgaggttaa gccaatccca 1260

caaatctgtt ctcagttcgg atcgcagtct gcaactcgac tgcgtgaagce tggaatcgcet 1320



US 2014/0128256 Al

24

-continued

May 8, 2014

agtaatcgeg gatcagcatg ccgeggtgaa tacgtteceg ggecttgtac acaccgecceg

tcacaccacg agagtttgta acacccgaag tcggtgaggt aacctttatg gagccagecg

ccgaaggtgg

gacagatga

<210> SEQ ID NO 4
<211> LENGTH: 20

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: FD1 primer, produced synthetically in

laboratory

<400> SEQUENCE: 4

agagtttgat

cctggeteag

<210> SEQ ID NO 5
<211> LENGTH: 17

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: RD1 primer, produced synthetically in

laboratory

<400> SEQUENCE: 5

aaggaggtga

tccagee

<210> SEQ ID NO 6
<211> LENGTH: 21

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

laboratory

<400> SEQUENCE: 6

gatcgtcarg cagscytwga t

<210> SEQ ID NO 7
<211> LENGTH: 20

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

laboratory

<400> SEQUENCE: 7

ttwccracca

taacsccrac

<210> SEQ ID NO 8
<211> LENGTH: 560

<212> TYPE:
<213> ORGANISM: Bacillus sp.

DNA

<400> SEQUENCE: 8

aacattcgge

gttcegageyg

cggattattg

attgctgaag

gaccctgttt

gatacgggag

aaggttccat

gttecettge

aagtatacgg

ttcaggagaa

acgcgcaaaa

agcaggeget

catgaaactc

acttgatacc

acctgaaage

aggcggacaa

geteggtgta

tgagattgce

ggggaaaaga
geteteggaa
tcaggtaaaa
gecgeattta

aatattgagg

gaagcgctgg

cggatacaag

taggcggata

cgactgtage

ttgatgctga

agctgetget

tacgaagcgg

recAf primer, produced syntheticially in

recAr primer, produced synthetically in

strain F727 Forward recA Sequence

aatttcaaca

ccegegegga

gettcatgeg

gecatgcecett

ttctcagect

agccgtcgat

1380

1440

1459

20

17

21

20

60

120

180

240

300

360
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atcgtagttyg tcgactctgt tgcggegett gteccgaaag ctgaaatcga aggagacatg 420
ggggattcee acgteggttt gcaggccegt ttgatgtcte aagcgcetceeg taagetttec 480
ggtgccatca ataaatctaa aacaatcgca atctttatta accaaattcg tgaaaaagtce 540
ggcgttaggg tcggaaaaaa 560

<210> SEQ ID NO 9

<211> LENGTH: 567

<212> TYPE: DNA

<213> ORGANISM: Bacillus sp. strain F727 Reverse recA Sequence

<400> SEQUENCE: 9

gtataagatt gcgattgttt tagatttatt gatggcaccg gaaagcttac ggagcgcttg 60
agacatcaaa cgggcctgca aaccgacgtg ggaatccceee atgtcetcctt cgatttcage 120
tttecgggaca agcgecgcaa cagagtcgac aactacgata tcegacggetce cgcttegtac 180
cagcgetteg gcaatctcaa gegectgete teccgtatca ggetgagaaa gcagcagcete 240
ctcaatattt acaccgagct tttgcgegta aacagggtca agggcatget cagcatcaat 300
aaatgcgget tgtcegectt tctcectgaac ttcagcaate gecatgaageg ctacagtegt 360
tttacctgag ctttcaggtc cgtatacttc aataatcegt cegegegggt atccgectat 420
tcecgagageg gtatcaagtg caagggaacce getcggaact gttgaaattce ttgtatccegt 480
cttttececeg agtttcatga tggaaccttt gccgaattgt ttttcectattt gettaagagce 540
catatcwaag rctgwawtra mratcaa 567

<210> SEQ ID NO 10

<211> LENGTH: 505

<212> TYPE: DNA

<213> ORGANISM: Bacillus sp. strain F727 Consensus recA Sequence

<400> SEQUENCE: 10

aaggttccat catgaaactc ggggaaaaga cggatacaag aatttcaaca gttccgageg 60
gttecccttge acttgatacce gctcteggaa taggcggata ccecgcegegga cggattattg 120
aagtatacgg acctgaaagc tcaggtaaaa cgactgtage gcttcatgeg attgetgaag 180
ttcaggagaa aggcggacaa gccgcattta ttgatgctga gcatgcccett gaccetgttt 240
acgcgcaaaa gctceggtgta aatattgagg agetgcetget ttetcagect gatacgggag 300
agcaggcgcet tgagattgcce gaagcgetgg tacgaagegyg agecgtcegat atcgtagttg 360
tcgactetgt tgcggegett gtcccgaaag ctgaaatcga aggagacatyg ggggattcce 420
acgteggttt gcaggccegt ttgatgtete aagegcteeg taagetttece ggtgecatca 480
ataaatctaa aacaatcgca atctt 505

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: phoR-f primer, produced synthetically in
laboratory

<400> SEQUENCE: 11

ttyarytcat grgavacatt 20
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<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: phoR-r primer, produced synthetically in
laboratory

<220> FEATURE:

<221> NAME/KEY: misc_feature

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 12

ggntayaaan argaggagcc 20
<210> SEQ ID NO 13

<211> LENGTH: 998

<212> TYPE: DNA

<213> ORGANISM: Bacillus sp. strain F727 Reverse phoR Sequence

<400> SEQUENCE: 13

tegttgtety tatcatattg gttttcagtyg tteteggect tttettgeayg cagetcattt 60
cttcatccege caaggaaaga acggagggac agcttgaaaa ggaagcecgea tacatagecg 120
gactccttga cgecggccaa gtaaacaata aaagaaacga aacggtcatt aaagatgeca 180
gcegtacatt agatatcgac gtgteccgtat taaatgaaaa aggccgeggt ttatatcact 240
caggcagacg cgctgatgac tcggctataa aggaattegt cteccgtaat aaaaatgegg 300
cggegattca gaacggagag aaagtatgge atggaacgge ccttaaaaac gecgecggece 360
aaacggceggg atatgtgete gtttectege ggatcgataa aggttcegaat ataacagggyg 420
aaatgtgggg catgctggct gcaagcecttt gtactgettt tattattatce gttttettet 480
atacgaatat gacctccegt tacaaaaggt caatcgacte cgegacaaaa gtggecactg 540
agetgtctaa ggggaactat gacgcceget cctacggegg gtacgcaaga cgctcagacce 600
gtetegggeyg cgetatgaac agectegetg tggatttgat ggaaatgacyg agaacgcagy 660
atatgcageg cgaccgectg ctgaccgtca tecgaaaatat cggatcaggt ttgattttaa 720
tagacgggag aggctttatt aatctegtga acaggtegta tacgaagcayg ttccatacaa 780
atcctgaacyg tetgettegg cgtetctace atgacgecatt tgagcatgayg gaaatcatte 840
ggctggtega agacatcttt atgacagaaa cgaagaaacg ccagctgete acgettecca 900
tcaaaatcga acggegetat tttgaggttyg acggcegtece gattatggge cctgacgatg 960
aatggaaaag gcattgttct cgtgtttcat gatatgac 998
What is claimed is: (C) produces a compound that:
1. An isolated strain of Bacillus which has the following (1) has pesticidal activity,
characteristics: (i1) has a molecular weight of about 1020-1120 as deter-
(A) at least one of: mined by LiquidChromatography/Mass Spectros-
(1) a nucleotide sequence having at least 99.5% identity to copy (LC/MS), and
a l6SrRRNA sequence set .forth in SEQ ID.NO:?; (iii) has a High Pressure Liquid Chromatography
(2) a nucleotide sequence having at least 95% identity to a (HPLC) retention time of about 6-15 minutes on a
recA sequence set forth in SEQ ID NO:10 and reversed phase C-18 HPLC column using a water:
(3) a nucleotide sequence having at least 90% identity to a acetonitrile (CH,CN) gradient solvent system (0-20
reverse phoR sequence set forth in SEQ 1D NO:13; min; 90-0% aqueous CH,CN, 20-24 min; 100%

B) pesticidal activity; CH,CN, 24-27 min; 0-90% aqueous CH,CN, 27-30
p ty 3 q 3
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min; 90% aqueous CH;CN) at 0.5 mI/min flow rate
and UV detection at 210 nm, and
(iv) is optionally a peptide;
(D) is resistant to Kanamycin, Chloramphenicol, Ampicil-
lin, Penicillin, Cefuroxime, Piperacillin, Tetracycline;
(E) possesses alkaline phosphatase, esterase, acid phos-
phatase, naphthol-AS-Bl-phosphohydrolase activity;
and

(F) is non-pathogenic to vertebrate animals or filtrate,
supernatant, extract, cell fraction derive therefrom.

2. The strain of claim 1, said strain has at least one of the
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(c) a Compound “C” that

(1) has pesticidal activity;

(i) has molecular weight of about 1050-1120 and more
particularly, 1072 as determined by Liquid Chroma-
tography/Mass Spectroscopy (LC/MS

(iii) has a High Pressure Liquid Chromatography
(HPLC) retention time of about 6-14 minutes, more
specifically about 9 minutes and even more specifi-
cally about 9.19 min on a reversed phase C-18 HPL.C
column using a water:acetonitrile (CH;CN) gradient
solvent system (0-20 min; 90-0% aqueous CH;CN,
20-24 min; 100% CH;CN, 24-27 min; 0-90% aque-

identifying characteristics of bacillus strain F727 (NRRL
Accession No. B-50772).

3. A composition comprising a substantially pure culture or
whole cell broth comprising or cell fraction, supernatant,
substance, compound or metabolite derived from the strain of
claim 1 or an extract thereof.

ous CH,CN, 27-30 min; 90% aqueous CH,CN)at 0.5
ml./min flow rate and UV detection at 210 nm;
(iv) optionally comprises 49 carbon atoms, 76 hydrogen
atoms, 12 nitrogen atoms, and 15 oxygen atoms; and
(v) is Optionally a peptide comprising glutamine (1
unit), proline (1 unit), serine (1 unit), tyrosine (1 unit)

4. A compound selected from the group consisting of:
(a) a compound A that

(1) is obtainable from Bacillus sp. isolate F727;

(ii) has pesticidal activity;

(iii) has a molecular weight of about 1020-1060 and
more particularly, 1044 as determined by Liquid
Chromatography/Mass Spectroscopy (LC/MS);

(iv) has 'H NMR values of 8 7.15, 6.72, 4.81, 4.70, 4.65,
4.40, 435, 4.25, 4.15, 3.85, 3.65, 3.50, 3.22, 2.85,
2.80, 2.65, 2.45, 2.35, 2.30, 2.20, 1.95, 1.55, 1.31,
1.20 and 0.85;

(v) has a High Pressure Liquid Chromatography
(HPLC) retention time of about 6-12 minutes, more
specifically about 8 minutes and even more specifi-
cally about 8.31 min on a reversed phase C-18 HPL.C
(Phenomenex, Luna 5p C18(2) 100 A, 100x4.60 mm)
column using a water:acetonitrile (CH;CN) gradient
solvent system (0-20 min; 90-0% aqueous CH;CN,
20-24 min; 100% CH;CN, 24-27 min; 0-90% aque-
ous CH,CN, 27-30 min; 90% aqueous CH,CN) at 0.5
ml./min flow rate and UV detection at 210 nm;

(vi) optionally contains 47 carbon atoms, 72 hydrogen
atoms, 12 nitrogen atoms, and 15 oxygen atoms; and

(vil) is optionally a peptide comprising glutamine (1
unit), proline (1 unit), serine (1 unit), tyrosine (1 unit)
and asparagine (3 units);

(b) a Compound B that

(1) has pesticidal activity;

(i1) has a molecular weight of about 1030-1080 and more
particularly, 1058 as determined by Liquid Chroma-
tography/Mass Spectroscopy (LC/MS);

(iii) has a High Pressure Liquid Chromatography
(HPLC) retention time of about 6-14 minutes, more
specifically about 8 minutes and even more specifi-
cally about 8.67 min on a reversed phase C-18 HPL.C
column using a water:acetonitrile (CH;CN) gradient
solvent system (0-20 min; 90-0% aqueous CH;CN,
20-24 min; 100% CH;CN, 24-27 min; 0-90% aque-
ous CH;CN;, 27-30 min; 90% aqueous CH;CN) at 0.5
ml./min flow rate and UV detection at 210 nm;

(iv) optionally comprises 48 carbon atoms, 74 hydrogen
atoms, 12 nitrogen atoms, and 15 oxygen atoms; and

(v)is optionally a peptide comprising glutamine (1 unit),
proline (1 unit), serine (1 unit), tyrosine (1 unit) and
asparagine (3 units); and

and asparagine (3 units).

5. A combination comprising:

(a) a first substance selected from the group consisting of:
(1) a substantially pure culture of the strain of claim 1,
(ii) a cell fraction of the strain of claim 1,

(iii) a supernatant derived from the strain of claim 1,
(iv) an extract of any of (i), (ii) or (iii),

(v) a metabolite of the strain of claim 1,

(vi) compound A,

(viil) compound B,

(vii) compound C; and

(b) at least one of

(1) a second substance, wherein said second substance is
a chemical or biological pesticide,

and (ii) at least one of a carrier, diluent, surfactant, or
adjuvant.

6. The combination according to claim 5, wherein said
second substance is a chemical or biological pesticide.

7. The combination according to claim 5 wherein the com-
bination is a composition.

8. A method for modulating pest infestation in a plant
comprising applying to the plant and/or seeds thereof and/or
substrate used for growing said plant an amount of a compo-
sition selected from the group consisting of:

(a) a pure culture of the strain of claim 1;

(b) a cell fraction of the strain of claim 1;

(c) a supernatant derived from the strain of claim 1;

(d) an extract of any of (i), (ii) or (iii);

(d) a metabolite of the strain of claim 1;

() compound A;

(g) compound B; and

(h) compound C
and optionally a pesticide
effective to modulate said pest infestation.

9. The method of claim 8, wherein the pest is a fungus or a
bacterium.

10. The method of claim 8, wherein the pest is a fungus and
the pesticide is derived from Reynoutria sachalinensis.

11. The method of claim 9 wherein the fungus is selected
from the group consisting of Botrytis, Sclerotinia, Rhizocto-
nia and Bipolaris.

12. A method for modulating the growth of a plant and/or
germination of a seed the method comprising contacting said
plant, its growth substrate, and/or a seed of said plant with an
amount of a composition selected from the group consisting
of:
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(a) a pure culture of the strain of claim 1;

(b) a cell fraction of the strain of claim 1;

(c) a supernatant derived from the strain of claim 1;

(d) an extract of any of (i), (ii) or (iii);

(d) a metabolite of the strain of claim 1;

(f) compound A;

(g) compound B; and

(h) compound C.
and optionally one or more substances
effective to modulate growth of said plant and/or germination
of said seed.

13. the method according to claim 12, wherein the other
substance is a growth promoting agent, a surfactant, a carrier,
an adjuvant, a surfactant and/or fertilizer.

#* #* #* #* #*



