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[ABSTRACT] Six new (1—6) and seven known depsidones (7—13) were isolated from the culture of an ant (Monomorium chinensis)-
derived fungus Spiromastix sp. MY-1. Their structures were elucidated by extensive spectroscopic analysis including high resolution
MS, 1D and 2D NMR data. The new bromide depsidones were obtained through supplementing potassium bromide in the fermenta-

tion medium of Spiromastix sp. MY-1. All isolated compounds showed various bioactivities against the tested phytopathogenic bac-

teria. Particularly, new bromide compound 4, named spiromastixone S, exhibited the strongest activity against Xanthomonas oryzae

pv. oryzae with a MIC value of 5.2 ymol-L™".
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Introduction

Bacterial blight, caused by Xanthomonas oryzae pv.
oryzae (X00), is a devastating rice disease worldwide "), res-
ulting in annual yield losses up to 60%. It is also one of the
most destructive rice diseases in Asia *'. Therefore, it spurs
a social need for highly active agricultural agents in the field
of farmland management. Mutualistic microbes with ants are
commonly considered as an efficient defense against herbi-

vores ™ as well as plant pathogens . Some species of plant-
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mutualistic ants kill the vegetation growing in the vicinities
of their host plant to create an area of bare ground '“’. Further-
more, Macaranga myrmecophyte plants was infected with
fungi without the presence of Crematogaster mutualistic
ants "' and fungi-ant-plants symbiosis was considered to be a
multipartite symbiotic community ™. Endophyte-mediated
defense is effective against pathogens and non-herbivory
damage ', which suggests the potential role of ant-derived
fungi in producing promising natural products against plant
pathogens. Therefore, during our ongoing search for new bio-
active secondary metabolites from symbiotic fungi inhabit-

ing in ants ' '

, one strain, Spiromastix sp. MY-1, isolated
from an ant (Monomorium chinensis) collected from the rice
field, was shown to be a prolific producer of chlorinated com-
pounds on the basis of 'H NMR and LC-MS analyses of the
extracts derived from cultures of our microbe collection. As
bromination and chlorination in the natural product biosyn-
thesis usually share a common biosynthetic pathway ", we
fermented the fungus using Martin fermentation media sup-
plemented with potassium bromide to expand the structural
diversity. As a result, six new bromide depsidones, named
spiromastixones P—-U (1-6) (Fig. 1), together with spiromas-
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Fig.1 Structures of the isolated compounds 1-13

tol E (7), spiromastixones A (8), B (9), E (10), F (11), G (12),
and I (13) (Fig. 1) ™', were isolated and characterized. Few
depsidones have been reported from marine-derived
fungi "> ' and plant endophytic fungi "', This is the first
description of depsidone-type natural products from insect-
derived fungi. According to previous findings, depsidones ex-
erted a variety of biological activities including antibacter-
ial "1 antitumor ®” and herbicidal effects ", and HIV integ-
rase inhibition activities . However, the activity of dep-
sidones against plant pathogens has rarely been reported. In
this paper, the antibacterial activity of these isolated dep-
sidones was evaluated using several plant pathogenic bac-

teria. Among the tested compounds, spiromastixone S (4) dis-
played remarkable activity against X. oryzae pv. oryzae with
an MIC of 5.2 umol-L™", which may play a role in protecting
ant food and habitat against plant pathogens.

Results and Discussion

The EtOAc extract of the fermentation broth of fungus
MY-1 isolated from an ant (M. chinensis) was separated by
column chromatography followed by semipreparative HPLC
purification if necessary, affording compounds 1-13.

The ESI-MS spectrum of spiromastixones P (1) dis-
played an ions pair [M + H]" at m/z 407 and 409 at a ratio of
1: 1, indicating the presence of one bromine atom. The mo-
lecular formula was established as C;oH 4"’ BrOs on the basis
of a pseudomolecular ion peak in the HR-ESI-MS spectrum
at m/z 407.0492 (Calcd. for C,oH,, BrOs", 407.0489), one
more bromine atom than that of 8. The 'H NMR spectrum
(Fig. S1) of 1 exhibited three aromatic proton resonances at
oy 6.81 (1H, s, H-3), 6.73 (1H, d, J = 2.0 Hz, H-3"), 6.72 (1H,
d, J = 2.0 Hz, H-5") (Table 1). The >C NMR (Fig. S2) and
HSQC (Fig. S3) spectra showed 12 aromatic carbons, 2
methyls, 4 methylenes and a carbonyl carbon. Based on the
'H-'H COSY (Fig. S4) and HMBC (Fig. S5) correlations
(Fig. 2), two n-propyl units were directly connected to the C-
6 (8¢ 136.7) and C-6' (8¢ 150.7) according to the HMBC cor-
relations from H,-7 (8 2.99) to C-1 (8¢ 143.1), C-5 (8¢
108.7), and C-6 and from H,-7" (8 2.76) to C-1" (5¢ 113.1),
C-5" (8¢ 116.1), and C-6'. Furthermore, the HMBC correla-
tions (Fig. 2) from H-3 (8y 6.81) to C-1, C-2 (¢ 145.1), C-4

Table 1 'H NMR data (500 MHz) for compounds 1-8 (3y, mult, Jin Hz)
No. 14 2° 3¢ 4% 5 6 7 g~ ¢
3 6.81s 6.57d(3.0)  6.49d(2.5) 6.94 s 637d(2.5)  639d(2.0) 6.48d(3.2)
5 6.79 s 6.58d(3.0) 6.48d(2.5) 629d(2.5)  625d(2.0) 6.49d (3.2)
7 299(t,8.0) 2.75(,7.8) 2.98(t,9.8) 2.94(t,7.8) 328(18.0) 229(t7.8)  230(t7.5) 276t 10.0)
8 1.66 m 1.66 m 1.66 m 1.66 m 1.61 m 1.44 m 1.40 m 1.59 m
9 1.09t(7.5)  1.01t(7.5)  1.08t(7.3)  1.00t(7.5)  107t(7.5)  0.79t(7.5) 0.78 t(7.5) 0.93t(7.2)
Iy 6.04 br s
3 6.73d(2.0) 6.72d(2.0) 5.90 t(2.0) 5.67d(2.0) 6.54d (2.4)
5’ 672d(2.0) 6.71d(2.0) 6.90 s 6.93s 6.16 br's 6.20 d (2.0) 6.55d (2.4)
7' 276(t,7.8) 279(t7.8) 273(t9.8) 2.90(t7.8) 2.74(,7.8) 237(7.5)  2.50 (overlap)  2.80 (t, 9.5)
8’ 1.57 m 1.57 m 1.57 m 1.64 m 1.58 m 1.49 m 1.56 m 1.53 m
9 0.89t(7.5)  0.88t(7.5) 088t(7.3) 093t(7.5) 0.89t(7.5)  0.85t(7.5) 0.90t (7.5) 0.87t(7.2)
2-OMe 3.62s 3.65s
4-OMe 392s
4-OH 9.25s 9.32s
4'-OH 9.13s 9.37s
1-COOH 12.51s

* Recorded in acetone-dg; ” Recorded in methonal-d,; © Recorded in DMSO-dj; ¢ 400 MHz

®
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Fig. 2 'H-'H COSY and HMBC correlations of compounds
1-6

Table2 "“C NMR data (125 MHz) for compounds 1-8

(0c 152.8) and C-5, from H-3' (8y 6.73) to C-1', C-5' and the
carbonyl carbon at 5 164.3, and from H-5' (8y 6.72) to C-1',
C-3" (8¢ 105.7), C-4' (8¢ 163.1) and C-7' (8¢ 36.4) indicated
the presence of two aromatic rings, one of which was a 1,2,5-
trisubstitited 6-propyl-4-hydroxyphenyl ring and the other
was a 1',2"-disubstitited 6'-propyl-4’-hydroxyphenyl ring.
Compared with the NMR data of the known compound 8
(Tables 1 and 2) (Figs. S51-S55) ™, the structure of com-
pound 1 was closely similar with 8 with the exception that a
methine carbon signal at C-5 (5. 113.5) for 8 was replaced by
a quaternary carbon at §c 108.7 in 1. These data indicated that
compounds 1 and 8 shared the same skeleton and the hydro-
gen at C-5 (8¢ 113.5) for 8 was substituted by a bromine
atom in 1. This assignment was supported by HMBC correla-
tions (Fig. 2) from H-3 (85 6.81) and H,-7 (&5 2.99) to C-5.
Spiromastixones Q (2) and R (3) had the same molecu-
lar formula with that of 1 and also displayed similar 'H and
C NMR spectra (Tables 1 and 2) to those of 8. The NMR
data (Table 1) (Figs. S8—S19) suggested that bromine atoms
in compounds 1, 2 and 3 were located at different positions.
Compared with compound 8, H-5 (8 6.79) showed correla-
tions with C-1 (8¢ 143.8), C-3 (3¢ 99.8), C-4 (8¢ 153.0), C-7
(0c 33.2) (Fig. 2) for 2 and there was no HSQC correlations
for C-3 (¢ 99.8), indicating the C-3 for 2 was brominated.

No. 1“¢ 2 3¢ 4° 5 6 7 8¢

1 143.1 143.8 1433 143.5 144.1 133.0 132.7 1429
2 145.1 144.1 145.6 145.7 144.9 152.6 152.6 145.9
3 106.2 99.8 106.0 106.0 103.4 98.6 98.5 105.8
4 152.8 153.0 155.9 156.6 1553 154.7 155.0 155.6
5 108.7 1133 114.2 114.7 110.7 107.5 107.8 1135
6 136.7 135.4 137.4 137.7 137.4 136.3 136.4 136.8
7 33.1 322 33.8 342 33.8 314 31.3 32.4
8 234 242 25.0 25.4 237 22.5 229 24.5
9 14.4 14.2 143 14.2 14.2 13.7 13.6 143
1 113.1 113.1 114.8 116.7 114.0 105.5 1153 113.0
2/ 162.8 162.7 159.4 156.9 159.9 159.7 156.4 163.3
3/ 105.7 105.8 99.4 101.1 99.4 98.9 97.8 105.8
4 163.1 163.1 161.5 160.8 161.4 158.1 158.2 163.7
5’ 116.1 116.2 1155 11222 115.8 108.3 108.4 116.0
6’ 150.7 150.4 149.0 147.2 149.6 144.0 1412 150.3
7 36.4 36.3 36.5 37.4 36.6 37.3 35.0 36.5
8’ 25.4 25.4 25.3 24.1 25.3 23.7 23.7 25.4
9’ 143 143 14.4 142 143 13.5 13.9 14.3

1-C=0 164.3 164.3 163.1 164.1 162.4 169.0 164.5

2-OMe 55.4 55.4

4-OMe 57.3

* Recorded in acetone-dg; ” Recorded in methonal-d,; ¢ Recorded in DMSO-dj; ¢ 100 MHz

®
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For compound 3, H-3 (3y 6.57) showed HMBC correlations
with C-1 (8¢ 143.3), C-2 (3¢ 145.6), C-4 (8¢ 155.9), C-5 (8¢
114.2) and H-5 (8y 6.58) with C-1, C-3 (¢ 106.0), C-4, C-7
(8¢ 33.8), H-5" (8y 6.90) with C-7' (8¢ 36.5), implying that C-
3’ for 3 was brominated. Thus, the structures of 2 and 3 were
determined to be 3- and 3'-brominated 8, respectively.

Spiromastixones S (4) was purified as a white amorph-
ous solid. The HR-ESI-MS spectrum exhibited an isotopic
cluster of ions [M + Na]" at m/z 507, 509 and 511 at a ratio of
1 : 2 : 1, indicating the presence of two bromine atoms. The
molecular formula of 4 was determined to be C;9H,3Br,O5 by
a pseudomolecular ion peak in the HR-ESI-MS spectrum at
m/z 506.9413 [M + Na]” (Calcd. for C,oH 3" Br,0OsNa",
506.9413), one more bromine atom than 3. The spectral data
(Figs. S22—S26) of compound 4 were very similar to those of
spiromastixones R (3) (Tables 1 and 2), indicating that both
of them shared the same skeleton. However, the H-5' (dy
6.90) singlet for 3 was missing in 4, indicating that the hydro-
gen at C-5' (8¢ 115.5) for 3 was substituted by a bromine
atom. Thus, the structure was assigned as a 5'-brominated
analogue of 3. This assignment was also supported by the
HMBC correlations from H-7' to C-5" (3¢ 112.2), C-6' (8¢
147.2) and C-1' (¢ 116.7) (Fig. 2).

Spiromastixones T (5), a white amorphous solid, was as-
signed the molecular formula C,yH,,Br,Os according to an
[M + H]" ion at m/z 498.9749 (Caled. for CyoH,;"Br,Os",
498.9750) with the diagnostic ratio of isotopic ions 1 : 2 : 1 at
m/z 499, 501 and 503. The 'H and *C NMR data of 5 (Tables
1 and 2) (Figs. S29—S34) showed that it had an identical scaf-
fold with compounds 1-4. Compared with the 'H and “C
NMR spectral data of compounds 1, 3 and 5, two bromine
atoms were assigned to C-5 (8¢ 110.7) and C- 3' (5 99.4) for
5, respectively, which was also supported by the HMBC in-
teractions (Fig. 2). The HMBC correlation of the methoxy
group at Oy 3.92 with C-4 (§¢ 155.3) determined that OMe-4
was connected to C-4. Thus, the full structure of 5 was estab-
lished and named spiromastixones T.

Spiromastixones U (6) was obtained as a white amorph-
ous solid. The HR-ESI-MS data deduced its molecular for-
mula as CyoH,,0, according to an [M + Na]’ ion at m/z
339.1575 (Caled. for C,oH,,0,Na", 339.1567). The 'H and
"C NMR data (Tables 1 and 2) of compound 6 (Figs.
S37-S42) were very similar to those of spiromastixones V
(7™ (Figs. S45-S50) except for an additional proton signal
at oy 6.04 in 6 and the absence of carboxyl carbon signal at
dc 169.0 in 7, suggesting that 6 is the decarboxylative product
of 7. This assignment was further supported by HMBC cor-
relations (Fig. 2) from H-7' (8y 2.37) to C-1' (8¢ 105.5), C-5'
(0c 108.3) and C-6' (8¢ 144.0), and from the exchangeable
proton at H-1" (3 6.04) to C-2' (8¢ 159.7), C-3" (8¢ 98.9), C-
5', C-6" and C-7' (5 37.3). Subsequently, the full structure of
6 was established and named spiromastixones U.

The antibacterial activities of the isolated compounds
were tested and the results are listed in Table 3, where kana-

®

Table 3  Antibacterial activities of compounds 1-13 (MIC
value: pmol-L™)

Compounds B1 B2 B3 B4 B5
1 6.2 123 123 12.3 123
2 63.2 63.2 63.2 63.2 7.9
3 22.6 113 113 113 113
4 5.2 10.4 10.4 10.4 10.4
5 13.8 27.6 27.6 27.6 27.6
6 12.6 12.6 25.2 25.2 6.3
7 - 20.2 - 40.4 20.2
8 5.4 5.4 10.8 10.8 5.4
9 10.1 20.2 - 40.4 -
10 6.2 24.6 24.6 24.6 24.6
1 5.8 11.6 11.6 11.6 232
12 21.0 21.0 21.0 21.0 21.0
13 24.6 24.6 24.6 24.6 24.6

kanamycin" 43 43 0.54 0.54 1.08

Xanthomonas oryzae pv. oryzae (B)), Xanthomonas oryzae pv.
oryzicola (B,), Erwinia amylovora (Bs), Pseudomonas syringae pv.
lachrymans (B,), Clavibacter michiganense subsp. sepedonicus (Bs),

no activity (-), and kanamycin as the positive control (*)

mycin was used as the positive control. All compounds ex-
cept 2 and 7 had potent activities against the tested pathogen-
ic bacteria. Especially, compared with the positive control,
compounds 4, 8, 10 and 11 exhibited significant activities
against Xoo, with MIC values of 5.2, 5.4, 6.2 and 5.8
pmol-L™", respectively. A primary analysis of the structure-
activity relationships revealed that the substitution at C-3 res-
ulted in an influence on the inhibition by comparing the activ-
ities of compounds 2 and 13 with 8. The rice bacterial patho-
gen X. oryzae pv. oryzae (Xoo) is one of the most severe
pathogenic bacteria in rice cultivation **. The antibacterial
activity test against Xoo revealed that compound 4 may be a
potent bactericide lead for controlling rice bacterial blight
disease. These findings suggested that rice plant-ant-fungus
may act as a mutualistic system, from which the ant-associ-
ated fungi produce antibiotics to help protect their gardens
from pathogens. Thus the ant-associated fungi in rice planta-
tion system may be a promising source of bactericide against
rice pathogens.

In conclusion, six new depsidone-type natural products,
spiromastixones P—U (1—6), were identified from the ant-as-
sociated fungus S. sp. MY-1, representing a new class of dep-
sidone derivatives with unusual brominated substitutions. The
most exciting finding is the discovery of a new bromide dep-
sidone, spiromastixones S (4) which displays significant in-
hibitory activity against rice bacterial blight disease Xoo with
the similar MIC value as that of kanamycin, indicating its
promising potential as a bactericide to control the phytopath-
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ogen Xoo. This study also suggests that the insect-associated
fungi have the potential to produce bioactive compounds.
Furthermore, changing cultural medium may be an effective
way to obtain novel bioactive halogenated compounds.

Experimental

General experimental procedures

HR-ESI-MS spectra were recorded on an Agilent 6210
TOF LC-MS instrument (Agilent Technologies Inc., Palo
Alto, USA). IR spectra were obtained on a Nexus 870 FT-IR
spectrometer (Thermo Nicolet Corporation, Madison, USA).
NMR spectra were recorded on a Bruker AV-500/400NMR
spectrometer (Bruker Corporation, Karlsruhe, Germany). UV
spectra were recorded on a Hitachi U-3000 spectrophotomet-
er (Hitachi, Ltd., Tokyo, Japan). Silica gel (200—300 mesh;
Qingdao Marine Chemical Factory, Qingdao, China) and
Sephadex LH-20 gel (Pharmacia Biotech, Sweden) were used
for column chromatography (CC). HPLC was performed with
a Hitachi L-7110 pump and L-7400 UV detector equipped
with an Apollo C;g column (5 um, 250 mm x 4.6 mm; All-
tech Associates, Inc. Chicago, IL, USA).
Fungal material

The strain MY-1 was isolated from an ant M. chinensis
collected in October 2011 from the suburb of Nanjing, Ji-
angsu Province, China. It was identified by 18S rDNA gene
sequence analysis. The 18S rDNA sequence of this strain has
been deposited at GenBank under the accession number
K(C952004. Phylogenetic analysis based on 18S rDNA gene
sequences revealed that strain MY-1 belongs to the genus
Spiromastix (Fig. S82).
Fermentation and fractionation using Martin solution with
running water

After growing on PDA medium at 28 °C for 7 days, the
fungus Spiromastix sp. MY-1 was inoculated into Erlenmey-
er flasks (1 L) containing 400 mL of Martin solution (10.0 g
of sucrose, 5.0 g of peptone, 0.5 g of yeast extract, 0.5 g of
MgS0,-7H,0, 1.0 g of K,HPO,, and 1.0 L of running water).
After incubation at 28 °C on a rotary shaker at 108 r-min”' for
5 days, 20 mL of culture liquid was transferred to 1000 mL
Erlenmeyer flasks containing 400 mL of Martin solution.
These flasks were incubated at 28 °C on a rotary shaker at
110 r-min~' for 21 days. After fermentation, the culture (45
L) was filtered to yield the filtrate and a mycelial cake. The
filtrate was extracted with an equal volume of EtOAc for
three times. The extracts were combined and the solvent was
removed under reduced pressure. The mycelial cake was ex-
tracted with 2 L of methanol for three times. The organic lay-
ers were combined and the solvent was removed under re-
duced pressure. Then, the two organic extracts were com-
bined to give 5.26 g of residue. The residue was subjected to
silica gel CC using gradient elution with a mixture of CH,Cl, :
MeOH (100 : 0, 100 : 1, 100 : 2, 100 : 4, 100 : 8, 100 : 16,
and 0 : 100, V/V) to give seven fractions (Fr.1-Fr.7), respect-
ively. Fr.3 was purified by semipreparative HPLC with an
ODS column using an elution system consisting of 66%

®

methanol in water containing 0.1% trifluoroacetic acid (TFA)
(2.5 mL-min"', UV at 254 nm) to give 8 (3.2 mg, # 150 min).
Purification of Fr.2 by Sephadex LH-20 and semipreparative
HPLC (66% methanol with 0.1% TFA) gave 9 (5.2 mg, tx
69.5 min), 10 (18.0 mg), 11 (7.2 mg, #z 46.2 min) and 12 (4.3
mg, g 80.3 min). Fr.3 was purified by semipreparative HPLC
(88% methanol containing 0.1% TFA) to give 13 (23 mg, tz
20.5 min).

Fermentation and fractionation using Martin solution with
deionized water supplemented with potassium bromide

The Martin solution for seed culture and large-scale fer-
mentation was supplemented with 25 mmol-L™" KBr, using
deionized water instead of running water. After fermentation,
the culture (45 L) was separated into the supernatant and my-
celial cake. The mycelial cake was extracted with 2 L of
methanol for three times. The extracts were combined and the
organic solvent was removed under reduced pressure to af-
ford 4.8 g of a residue for further purification. This residue
was subjected to silica gel CC using gradient elution with a
mixture of CH,Cl, : MeOH (100 : 0, 100 : 1, 100 : 2, 100 : 4,
100 : 8, 100 : 16, 0 : 100, V/V) to give seven fractions
(Fr.1-Fr.7), respectively. Fr.4 was purified by semipreparat-
ive HPLC (73% methanol containing 0.1% TFA) to give 6
(28 mg, tz 7.8 min) and 7 (5.4 mg, #z 3.5 min). Purification of
Fr.2 by semipreparative HPLC (65% methanol containing
0.1% TFA) gave 1 (6.2 mg, tg 81.2 min), 2 (5.1 mg, tz 50.5
min), 3 (4.3 mg, fr 64.4 min), and 4 (4.7 mg, tz 143.4 min).
Fr.4 was purified by Sephadex LH-20 and gave 5 (3.7 mg).

Spiromastixones P (1): a white amorphous solid; UV
(MeOH): A, (log &) 230 (3.7), 269 (3.1) nm; IR (KBr) vyay:
3401, 3245, 2964, 2937, 2873, 1704, 1609, 1429, 1216, 1144,
1110, 1004, 850 cm™'; HR-ESI-MS m/z 407.0492 (M + HJ",
Calcd. for CoH,,BrOs", 407.0489).

Spiromastixones Q (2): a white amorphous solid; UV
(MeOH): 4. (log &) 225 (3.8), 262 (3.4) nm; IR (KBr) v ax:
3385, 3219, 2963, 2932, 2873, 1681, 1609, 1430, 1205, 1148,
1104 cm™'; HR-ESI-MS m/z 407.0492 (M + H]', Calcd. for
C9H,oBrO5", 407.0489).

Spiromastixones R (3): a white amorphous solid, UV
(MeOH): A, (log ¢) 221 (4.0), 269 (3.4), 306 (3.2) nm; IR
(KBr) vpay: 3330, 2960, 2927, 2870, 1707, 1592, 1411, 1200,
1142, 1104, 850 cm™'; HR-ESI-MS m/z 407.0487 (IM + HJ',
Calcd. for C,oH,,BrO5", 407.0489).

Spiromastixones S (4): a white amorphous solid; UV
(MeOH): A, (log &) 222 (3.3), 287 (2.7), 320 (2.8) nm; IR
(KBr) vpmax: 3354, 2956, 2928, 2870, 1705, 1562, 1460, 1404,
1257, 1141, 1107, 844 cm™'; HR-ESI-MS m/z 506.9413
([M + Na]’, Calcd. for C,4H,¢Br,0sNa’, 506.9413).

Spiromastixones T (5): a white amorphous solid; UV
(MeOH): A (log ) 228 (3.1), 254 (2.6), 289 (2.6), 317
(2.8) nm; IR (KBr) vy, 3385, 2960, 2929, 2871, 1748, 1604,
1466, 1439, 1202, 1130, 1062, 995 cm'; HR-ESI-MS m/z
498.9749 ([M + H]", Calcd. for C,oH,Br,05", 498.9750).

Spiromastixones U (6): a white amorphous solid; UV
(MeOH): A, (log €) 230 (5.0), 282 (3.7) nm; IR (KBr) v,
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3384, 3302, 2957, 2931, 2870, 1604, 1477, 1464, 1440, 1203,
1131, 995, 938, 835 cm'; HR-ESI-MS m/z 339.1575 (M +
Na]’, Calcd. for C,4H,,0,Na’, 339.1567).
Antibacterial activity assay

Compounds 1-13 were tested for the inhibitory activity
against the growth of plant pathogens X. oryzae pv. oryzae
(B1), X. oryzae pv. oryzicola (B,), Erwinia amylovora (Bj),
Pseudomonas syringae pv. lachrymans (B,), and Clavibacter
michiganense subsp. sepedonicus (Bs). The minimum inhibit-
ory concentration (MIC) was designated as the smallest
amount of compound that limits visible microbial growth in
culture.

Supplementary Materials

Supplementary material related to this article can be re-
quested by sending E-mail to the corresponding author.
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