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Abstract — Leifsonia shinshuensis is an endophytic actinomycete and may affect the growth of host plants by
producing indole-3-acetic acid (IAA), a phytohormone. However, except for IAA, studies on its secondary
metabolites and their potential biological activities remain largely unexplored. In the present study, 11 aromatic
compounds (1-11), including a new compound 1, were isolated from L. shinshuensis NPCB2401. Their
structures were elucidated by MS, NMR, and ECD data analysis. Biological evaluation revealed that compound 2
exhibited potent antifungal activity against Saccharomyces cerevisiae CEN.PK, with a MIC value of 3.7 pg/mL.
These results expanded the structural diversity of metabolites of L. shinshuensis and suggested that L.
shinshuensis may contribute to plant defense by producing antifungal metabolites that suppress the growth of

fungal pathogens.
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Introduction

Actinomycetes are widely distributed in various
environments, especially in soil,' and are well known as a
rich source of bioactive secondary metabolites with
pharmaceutical potential, such as anticancer,’ antibacterial,®
antifungal,’ and antiviral® activities. Among these micro-
organisms, many actinomycetes have also been identified
as endophytic bacteria that inhabit internal plant tissues
without causing apparent disease symptoms.® Endophytic
bacteria are commonly associated with a wide range of
plant species and tissues, including roots, stems, leaves,
and seeds, and frequently belong to genera such as
Pseudomonas, Bacillus, Burkholderia, Stenotrophomonas,
and Micrococcus.” These microorganisms play essential
roles in plant growth and survival by enhancing nutrient
acquisition, improving tolerance to environmental stresses,
and protecting host plants against phytopathogens.*® Such
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beneficial interactions are often mediated through the
production of specialized secondary metabolites, including
phytohormones, siderophores, antibiotics, and lipopeptides.
These metabolites regulate plant developmental processes
and suppress competing microorganisms, thereby contri-
buting to plant fitness and ecological balance.'* Leifsonia
shinshuensis is a Gram-positive, aerobic actinomycete
that has been characterized as an endophytic bacterium
isolated from in vitro cultures of peach rootstocks.' This
bacterium has the ability to produce the phytohormone
indole-3-acetic acid (IAA), thereby promoting plant
growth.!'> While the production of IAA by L. shinshuensis
has been suggested as a mechanism for plant growth
promotion, the full chemical repertoire and the potential
ecological roles of its secondary metabolites remain
largely unexplored. Considering the diverse biosynthetic
potential of actinomycetes, identifying specialized meta-
bolites from this species could provide new insights into
the chemical mediation of plant-endophyte symbiosis.

In this study, 11 aromatic compounds, including two
isoflavones (1 and 2), a benzofuran (3), three phenyl-
propanoid/butanoids (4-6), and five indole derivatives (7—
11) were isolated from the L. shinshuensis NPCB2401.
Their structures were characterized mainly by NMR, MS,
and ECD data analysis. The antibacterial and antifungal
activities were evaluated for the isolated compounds.
Herein, the details of the isolation, structure elucidation,
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and biological activities are described.

Experimental

General experimental procedures — Nuclear magnetic
resonance (NMR) spectra (‘H, '*C, COSY, HSQC, and
HMBC) were analyzed with a Bruker AVANCE III HD
850 NMR equipped with a 5 mm TCI CryoProbe
operating at 850 MHz ('H) and 212.5 MHz (**C) or a
Bruker AVANCE III HD 700 NMR operating at 700
MHz (‘H) and 175 MHz ("*C), with chemical shifts given
in ppm (6) (Bruker, Karlsruhe, Germany). The HR-ESI-
MS data were acquired on an Agilent 6230B time-of-
flight mass spectrometer (Agilent Technologies, Santa
Clara, CA, USA) coupled to an Agilent 1290 liquid
chromatography system and with an OSAKA SODA
CAPCELL PAK Cig column (150 mm x 4.6 mm i.d., 5
um; flow rate: 0.7 mL/min). The LC-MS analysis was
conducted on an Agilent 1260 series HPLC system with a
diode array detector and a 6130 series ESI mass spectro-
meter equipped with an analytical Kinetex Cjz 100 A
column (250 mm x 4.6 mm i.d., 5 pm; flow rate: 0.7 mL/
min). Semipreparative high performance liquid chromato-
graphy (HPLC) was performed using an Agilent 1260
pump, which was equipped with a Luna C;z 100 A
column (250 mm x 10 mm i.d., 10 um; flow rate: 4.0 mL/
min) and Luna Phenyl-Hexyl column (250 mm X 10 mm
i.d.,, 10 pm; flow rate: 4.0 mL/min). Electronic circular
dichroism (ECD) spectra were measured on a JASCO J-
1500 CD spectrometer (JASCO, Easton, MD, USA).
Specific rotations ([oc]ZDO) were measured with a JASCO
P-2000 polarimeter (JASCO, Easton, MD, USA).

Bacterial and fungal sources — L. shinshuensis
NPCB2401 was isolated from rhizosphere soil samples
collected adjacent to trees at Sungkyunkwan University,
Suwon, Korea, in January 2024. It was identified as L.
shinshuensis (GenBank accession no. NR 043663.1)
based on 16S rRNA gene sequence analysis performed by
Macrogen (Seoul, Korea), showing 99.3% sequence
identity. This strain was deposited in the Laboratory of
Natural Product Chemical Biology, School of Pharmacy,
Sungkyunkwan University, Korea. Bacillus subtilis 168,
Escherichia coli MG1655, and Saccharomyces cerevisiae
CEN.PK were provided by Prof. Wonsik Lee (School of
Pharmacy, Sungkyunkwan University, South Korea).

Cultivation and small-scale analysis — L. shinshuensis
NPCB2401 was incubated for 3 days on Columbia agar
plate at 37°C. A single colony was added to 5 mL of
Columbia broth (CB) and cultured at 37°C, 250 rpm for 2
days. The bacterial suspension was extracted with 6 mL
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of ethyl acetate. And the organic layer evaporated to
dryness. The dried extracts were solubilized in 200 pL of
methanol and analyzed by LC-MS for metabolites profiling.
Metabolites analysis was conducted using Phenomenex
Luna 5 um Cig (2) 100 A (250 mm x 4.6 mm) column
with gradient solvent system (0.7 mL/min, 10-100%
aqueous acetonitrile, 0.1% formic acid (FA), 20 min).
Extraction and isolation — L. shinshuensis NPCB2401
was cultured in a 14 mL test tube with 5 mL CB for 3
days at 37°C, 250 rpm. Each culture was inoculated into 1
L CB in 2 L Erlenmeyer flasks and incubated for 3 days
at 37°C, 250 rpm. A total of 130 L cultivation was
conducted and extracted twice with EtOAc in an equal
proportion (1:1). The organic layers were evaporated to
dryness, yielding 14.5 g of crude extract. The crude
extract was fractionated into 30 fractions (Fr. 1-30) via a
semipreparative HPLC system (Phenomenex, Luna 10
pum Cig (2) 100 A (250 mm x 10 mm i.d.) with a gradient
elution from 10% to 100% aqueous MeCN with 0.01%
TFA over 30 min (flow rate: 4 mL/min). Compound 1 (#x
12.1 min, 0.8 mg) was isolated from fraction 18 using
semipreparative  HPLC (Phenomenex, Luna 10 pm
Phenyl-Hexyl, 250 mm X 10 mm i.d.) with an isocratic
system of 45% MeCN with 0.01% TFA (flow rate 4 mL/
min for 30 min). Compound 2 (zx 10.5 min, 0.5 mg) was
purified from fraction 21 via semipreparative HPLC
(Phenomenex, Luna 10 um Phenyl-Hexyl, 250 mm % 10
mm i.d.) with gradient system of 52-63% MeCN with
0.01% TFA (flow rate 4 mL/min for 30 min). Compound
3 (g 12.0 min, 0.4 mg) was isolated from fraction 24
using semipreparative HPLC (Phenomenex, Luna 10 pm
Phenyl-Hexyl, 250 mm x 10 mm i.d.) with a gradient
system of 58-71% MeCN with 0.01% TFA (flow rate 4
mL/min for 30 min). Compounds 4 (#z 8.3 min, 0.5 mg)
and 10 (1r 8.2 min, 0.4 mg) were purified using semi-
preparative HPLC (Phenomenex, Luna 5 pm 250 mm X
10 mm i.d.) with a gradient system of 38-46% MeCN
with 0.01% TFA (flow rate 4 mL/min for 30 min).
Fraction 17 was isolated by semipreparative HPLC
(Phenomenex, Luna 10 um Phenyl-Hexyl, 250 mm % 10
mm i.d.) with a gradient system of 25-50% MeCN with
0.01% TFA (flow rate 4 mL/min for 30 min) to afford
compound 5 (g 9.9 min, 1.2 mg). Also, compound 6 (fx
12.3 min, 0.6 mg) was isolated from fraction 17 through
semipreparative HPLC (Phenomenex, Luna 10 um Phenyl-
Hexyl, 250 mm x 10 mm i.d.) with a gradient system of
39-71% MeCN with 0.01% TFA (flow rate 4 mL/min for
30 min). Compounds 7 (#z 8.4 min, 0.2mg) and 8 (# 8.5
min, 0.2 mg) were purified using semipreparative HPLC
(Phenomenex, Kinetex 5 um Biphenyl 250 mm % 10 mm
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i.d.) with an isocratic system of 45% MeCN with 0.01%
TFA (flow rate 4 mL/min for 30 min). Compound 9 (#x
12.4 min, 0.5 mg) was isolated from fraction 20 using
semipreparative HPLC (Phenomenex, Luna 10 pm Phenyl-
Hexyl, 250 mm % 10 mm i.d.) with a gradient system of
45-67% MeCN with 0.01% TFA (flow rate 4 mL/min for
30 min). Compound 11 (#g 16.4 min, 0.4 mg) was isolated
from fraction 16 using semipreparative HPLC (Pheno-
menex, Luna 10 um Phenyl-Hexyl, 250 mm x 10 mm
i.d.) with a gradient system of 25-65% MeCN with
0.01% TFA (flow rate 4 mL/min for 30 min).
Leifsonone (1) — Yellowish gum; [oc]éo =13 (c 0.5,
CH;0H); HR-ESI-MS (positive-ion mode) m/z 329.0668
[M + HJ" (caled for C;7H;30,%, 329.0656); UV (MeCN/
Hy0) Amax (log €) 220 (2.94), 290 (2.22), 345 (1.80) nmy;
ECD (c 0.01, MeOH) Anax (Ae) 220 (1.39), 245 (-0.63),
305 (1.48) nm; 'H- and *C-NMR data, see Table 1.
Irisone B (2) — Yellowish gum; UV (MeCN/H,0) Aax
(log &) 220 (3.21), 270 (2.82), 340 (2.08) nm; 'H-NMR
(CDCl;, 700 MHz): 6 12.15 (1H, s, 2'-OH), 8.07 (1H, s,
H-2), 7.37 (1H, m, H-4"), 7.17 (1H, dd, J = 7.6, 1.6 Hz,
H-6"), 7.11 (1H, dd, J = 8.1, 1.3 Hz, H-3"), 7.01 (1H, td, J
=74, 1.3 Hz, H-5"), 6.61 (1H, s, H-10), 6.16 (2H, s, H-8);
HR-ESI-MS (positive-ion mode) m/z 299.0575 [M + H]"
(caled for Ci6H; 06", 299.0550).
6-(2-Benzofuranyl)-7-methoxy-1,3-benzodioxol-5-o0l

Table 1. NMR data of 1 in DMSO-d”

Position  Jy (mult., J in Hz) oc HMBC

2 6.23 (s) 110.5 C-2',C-11

3 81.6

4 186.8

5 108.7

6 141.3

7 1333

8 6.00 (d, 18.3) 102.4 C-7,C9

9 154.3

10 6.52 (s) 94.5 C-5,C-7,C-9
11 154.6

Iy 127.0

2 159.7

3 6.89 (d, 8.1) 110.0 C-1,C-2, C-5
4 7.23 (t,7.7) 130.9 C-2',C-6
5 6.93 (t,7.5) 122.1 C-1',C-3'
6 7.20 (d, 7.6) 125.0 C-2/,C-4',C-3

OCH; 377 (s) 60.1 C-6

@850 MHz for 'H and 212.5 MHz for *C.
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(3) — Yellowish gum; UV (MeCN/H,0) Ay (log €) 220
(3.19), 300 (2.60) nm; 'H-NMR ((CD;),CO, 700 MHz): 6
7.61 (1H, d, J=17.7 Hz, H-4"), 7.50 (1H, d, J = 8.1 Hz, H-
7, 7.27 (1H, t, J= 7.6 Hz, H-6'), 7.22 (1H, t, J = 7.4 Hz,
H-5"), 6.93 (1H, m, H-3"), 6.34 (1H, s, H-7), 5.98 (2H, s,
H-5), 3.95 (3H, s, 3-OCHj3); HR-ESI-MS (positive-ion
mode) m/z 285.0740 [M + H]' (caled. for CsH;30;5",
285.0757).

N~(E)-Feruloyl-3-methoxytyramine (4) — Yellowish
gum; UV (MeCN/H,0) An.x (log &) 220 (3.16), 280
(2.84), 320 (2.88) nm; 'H-NMR (CDsOD, 700 MHz): ¢
7.43 (1H, d, J = 15.6 Hz, H-7), 7.12 (1H, d, J = 1.9 Hz,
H-6), 7.03 (1H, dd, J=8.1, 1.9 Hz, H-2), 6.82 (1H, d, J =
1.9 Hz, H-6"), 6.80 (1H, d, J = 8.1 Hz, H-3), 6.72 (1H, d,
J =179 Hz, H-3"), 6.67 (1H, dd, J = 8.0, 1.9 Hz, H-2"),
6.41 (1H, d, J = 15.6 Hz, H-8), 3.89 (3H, s, 5-OCHy,),
3.83 (3H, s, 5'-OCHs), 3.49 (2H, m, H-8'), 2.77 2H, t, J =
7.3 Hz, H-7'); HR-ESI-MS (positive-ion mode) m/z
344.1493 [M + H]" (caled. for C1oHp,NOs', 344.1492).

(3E)-4-Phenyl-3-butenoic acid (5) — Yellowish gum;
UV (MeCN/H,0) Apax (log €) 205 (3.53), 250 (3.61) nm;
'H-NMR (CD:OD, 700 MHz): 6;7.38 (2H, d, J= 7.1 Hz,
H-2 and H-6), 7.30 (2H, dd, J = 8.4, 7.0 Hz, H-3 and H-
5),7.20 (1H, t, J= 7.3 Hz, H-4), 6.50 (1H, d, J=15.9 Hz,
H-7), 6.34 (1H, dt, J=15.9, 7.1 Hz, H-8), 3.25 (2H, d, J
= 6.8 Hz, H-9); ESI-MS (positive-ion mode) m/z 163.0
[M + H]" (calcd. for C;oH;,0,", 163.0754).

4-Phenylbutanoic acid (6) — Yellowish gum; UV
(MeCN/H,0) Ao (log &) 210 (2.47) nm; 'H-NMR
(CDs0OD, 700 MHz): 6 7.25 (2H, t, J = 7.6 Hz, H-3 and
H-5), 7.19 (2H, m, H-2 and H-6), 7.15 (1H, m, H-4), 2.64
(2H, m, H-7), 2.25 (2H, t, J= 7.4 Hz, H-9), 1.90 2H, p, J
= 7.5 Hz, H-8); ESI-MS (negative-ion mode) m/z 163.1
[M - H:r (calcd. for C]()H]]Ozi, 1630765)

Indole-3-acetic acid (7) — Yellowish gum; UV (MeCN/
H,0) Amax (log €) 220 (3.18), 275 (2.39) nm; 'H-NMR
(CD;0D, 700 MHz): 67.57 (1H, d, J= 7.8 Hz, H-4), 7.31
(1H, dt, /= 8.0, 0.9 Hz, H-7), 7.14 (1H, s, H-2), 7.06 (1H,
ddd, J = 8.1, 6.8, 1.1 Hz, H-6), 6.98 (1H, ddd, J = 8.0,
6.9, 1.0 Hz, H-5), 3.65 (2H, s, H-10); ESI-MS (positive-
ion mode) m/z 176.0 [M + H]" (caled. for C;oH;(NO,",
176.0706).

Indole-3-ethanol (8) — Yellowish gum; UV (MeCN/
H,0) Amax (log &) 220 (3.02), 275 (2.15) nm; '"H-NMR
(CD;0D, 700 MHz): 67.53 (1H, d, /= 7.9 Hz, H-4), 7.32
(1H, d, J= 8.0 Hz, H-7), 7.07 (2H, m, H-2 and H-6), 6.99
(1H, t, J = 7.5 Hz, H-5), 3.81 (2H, t, J = 7.3 Hz, H-11),
297 (2H, t, J = 7.3 Hz, H-10); ESI-MS (positive-ion
mode) m/z 162.1 [M + H]' (caled. for C,oH;,NO",
162.0913).



150

Natural Product Sciences
(@] ﬂOH
/OJQ/\AN O/
H
HO
4

H s
/ @[Q %
OH N
7
|
. N
8 9

10 1
Fig. 1. The structures of 1-11 isolated from L. shinshuensis.

Indothiazinone (9) — Yellowish gum; UV (MeCN/
H,0) Anax (log €) 215 (2.96), 275 (2.20), 350 (2.36) nm;
'H-NMR (CD:sOD, 700 MHz): § 9.13 (1H, s, H-2), 8.38
(1H, m, H-4), 8.09 (1H, d, /= 3.1 Hz, H-14), 7.90 (1H, d,
J=13.1 Hz, H-13), 7.50 (1H, m, H-7), 7.28 (2H, ddd, J =
6.9, 4.8, 1.6 Hz, H-5 and H-6); HR-ESI-MS (positive-ion
mode) m/z 229.0437 [M + H]" (calcd. for C;,HoN,OS",
229.0430).

Cyclo-L-Trp-L-Trp (10) — Yellowish gum; [oc]]zjo
—86.3 (c 0.5, CH;0H); UV (MeCN/H,0) Anax (log €) 220
(3.67), 275 (2.91) nm; 'H-NMR (CD;OD, 700 MHz): ¢
7.46 2H, d, J = 7.9 Hz, H-4 and H-4'),7.31 (2H, d, J =
8.1 Hz, H-7 and H-7"), 7.10 (2H, ddd, /= 8.1, 6.9, 1.1 Hz,
H-6 and H-6"), 7.02 (2H, ddd, J = 8.1, 6.9, 1.0 Hz, H-5
and H-5'), 6.47 (2H, s, H-2 and H-2"), 4.06 (2H, dd, J =
7.1, 3.8 Hz, H-11 and H-11"), 2.93 (2H, m, H-10 and H-
10"); HR-ESI-MS (positive-ion mode) m/z 373.1662 [M +
H]Jr (CalCd. for C22H21N402+, 3731659)

Fusarindole B (11) — Brown oil; UV (MeCN/H,0);
Amax (log &) 225 (3.09), 280 (1.79) nm; ECD (¢ 0.01,
CH;0H) Apax (Ag) 220 (3.2), 285 (0.95), 350 (0.3); 'H-
NMR (CD;0D, 700 MHz): 67.55 (4H, m, H-4 and H-4"),
7.30 (3H, m, H-2, H-7 and H-7"), 7.15 (1H, s, H-2"), 7.03
(2H, overlap, H-6 and H-6"), 6.91 (2H, dt, J = 18.6, 7.5
Hz, H-5 and H-5'), 4.70 (1H, d, J = 6.6 Hz, H-10), 4.49
(1H, td, J=6.9,4.0 Hz, H-11), 3.62 (1H, dd, J=11.1, 4.0
Hz, H-12), 3.50 (1H, td, J = 11.3, 6.6 Hz, H-12); ESI-MS
(negative-ion mode) m/z 305.1 [M—H], (caled. for
CioH17N,O,7, 305.1296).

Antibacterial activity test — B. subtilis 168 and E. coli
MG1655 were streaked onto LB agar plates and cultured
for 24 h at 37°C. A single colony from each strain was
subsequently inoculated into 5 mL of culture broth and
incubated for 24 h at 37°C, 250 rpm. Then its ODggg
value was adjusted to 0.001. 196 pL of LB medium and 4
uL of each test compound dissolved in DMSO (10 mM)
were dispensed into the first column of 96-well plates,
and 100 pL of LB broth was added to all other wells. For
the DMSO vehicle control, the same volume of DMSO
without compound was added to the wells. Serial
dilutions were carried out from the second to the last
column of the 96-well plates using a multichannel pipette.
Then, 100 pL of bacterial culture medium was added to
all wells. The plates were incubated at 37°C for 24 h in a
shaking incubator and bacterial growth was evaluated by
measuring their ODgqo value using a microplate reader to
determine the survival rate. Each concentration was tested
in duplicate wells.

Antifungal activity test — S. cerevisiae CEN.PK was
streaked onto a TSB agar plate and cultured for 48 h at
37°C. A single colony was then inoculated into 5 mL of
culture broth and incubated for 48 h at 37°C, 250 rpm.
Then its ODgy value was adjusted to 0.001. 196 uL of
TSB medium and 4 pL of each test compound dissolved
in DMSO (10 mM) were dissolved into the first column
of a 96-well plate, and 100 pL of TSB broth was added to
all other wells. For the DMSO vehicle control, the same
volume of DMSO without compound was added to the
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wells. Serial dilution was carried out from the second to
the final column of the 96-well plate using a multichannel
pipette. Subsequently, 100 pL of fungal culture medium
was added to all wells. The plate was incubated at 37°C
for 48 h in a shaking incubator, and fungal growth was
evaluated by measuring the ODgy value using a
microplate reader to determine the survival rate. Each
concentration was tested in duplicate wells.

Results and Discussion

Leifsonone (1) was obtained as a yellowish gum. Its
molecular formula was established as C;;H;,0; based on
the protonated molecular ion observed at m/z 329.0668
[M + H]" in HR-ESI-MS (calcd for Ci7H;30;", 329.0656).
UV absorption bands at 220, 290, and 345 nm suggested
that 1 is a flavonoid derivative. The "H-NMR spectrum of
1 exhibited characteristic signals of an ortho-disubstituted
benzene ring [dy 7.23 (1H, t, J = 7.7 Hz, H-4"), 7.20 (1H,
d, J=17.6 Hz, H-6"), 6.93 (1H, t, J = 7.5 Hz, H-5"), 6.89
(1H, d, J = 8.1 Hz, H-3')], an aromatic proton [dy 6.52
(1H, s, H-10)], an oxygenated methine [dy 6.23 (1H, s, H-
2)], a methylenedioxy group [dy 6.00 (2H, d, /= 18.3 Hz,
H-8)], and a methoxy group [dy 3.77 (3H, s, 6-OCHj3)].
The *C-NMR spectrum of 1 displayed 17 carbon signals,
including a ketone [d. 186.8 (C-4)], 12 aromatic carbons
[6. 159.7 (C-2"), 154.6 (C-11), 154.3 (C-9), 141.3 (C-6),
1333 (C-7), 1309 (C-4"), 127.0 (C-1"), 125.0 (C-6),
122.1 (C-5", 110.0 (C-3"), 108.7 (C-5), 94.5 (C-10)], an
oxymethine carbon [J. 110.5 (C-2)], a quaternary carbon
[6. 81.6 (C-3)], a methylenedioxy group [J. 102.4 (C-8)],
and a methoxy group [J. 60.1 (6-OCH;)] (Table 1). The
HMBC correlations (Fig. 2), from H-6' to C-3/C-2"/C-4'
and from H-10 to C-5/C-7, allowed for the assembly of a
flavonoid ring system. Furthermore, the HMBC corre-
lations from H-2 to C-2' in the B ring and to C-11 in the
C ring suggested a connection between the B and C rings.
Additionally, the HMBC correlations from methylenedi-
oxy protons to C-7/C-9 and from methoxy protons to C-6
confirmed their positions. The absolute configuration of 1

Fig. 2. Key COSY (blue bold bonds) and HMBC correlations
(red arrows) of 1.
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Fig. 3. Experimental ECD spectrum of 1.

was determined to be 2R and 3S by comparing the
experimental ECD spectrum (Fig. 3) with a structurally
similar reference compound, (2R,35)-3,7,4'-trihydroxy-5-
methoxycoumaronochromone.'® Therefore, compound 1
was established as a new coumaronochromone-type
compound and named leifsonone.

10 known compounds were identified as irisone B
(2),'* 6-(2-benzofuranyl)-7-methoxy-1,3-benzodioxol-5-ol
(3),° N-(E)-feruloyl-3-methoxytyramine (4),' (3E)-4-
phenyl-3-butenoic acid (5),"” 4-phenylbutanoic acid (6),'®
indole-3-acetic acid (7),!° indole-3-ethanol (8),%° indothi-
azinone (9),%' cyclo-L-Trp-L-Trp (10),%* and fusarindole B
(11)* by comparison of their spectroscopic and spectro-
metric data with those reported in the literature. Although
members of the genus Leifsonia have been studied mainly
from taxonomic, ecological, and plant-associated per-
spectives,”* their secondary metabolites remain relatively
underexplored. In particular, chemical investigations of L.
shinshuensis have been limited. Thus, the discovery of
leifsonone (1) expands the chemical diversity known from
this species and highlights L. shinshuensis as an under-
explored source of structurally unique aromatic metabolites.

The isolated compounds 1-11 were evaluated for their
antibacterial activities against Gram-positive bacteria B.
subtilis 168 and Gram-negative bacteria E. coli MG1655,
as well as for their antifungal activity against S. cerevisiae
CEN.PK, using the broth dilution method. The biological
activity results showed that none of the compounds
exhibited antibacterial effects, whereas compound 2
revealed potent antifungal activity, with a MIC value of
3.7 ug/mL (Table 2). To the best of our knowledge, this is
the first report of the antifungal activity of irisone B (2).
This potency is comparable to that of wighteone, a
structurally related isoflavone, which reportedly exhibits
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Table 2. MIC values of compounds 1-11
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MIC [ug/mL(uM)]

Compounds Gram-positive bacteria Gram-negative bacteria Fungi
B. subtilis 168 E. coli MG1655 S. cerevisiae CEN.PK
1,3-11 > 100 > 100 > 100
2 > 100 > 100 3.7 (12.5)

antifungal activity against S. cerevisiae with a MIC value
of 4 pg/mL.* However, the isoflavone-related scaffold
alone does not appear to be sufficient for antifungal
activity. In the present assay, leifsonone (1), a structurally
related isoflavone-type compound bearing an additional
furan ring between the B and C rings, did not show
antifungal activity. This observation suggests that the
additional furan ring in compound 1 may reduce
antifungal activity. Further studies with additional analogues
and standard antifungal controls will be required to
establish a definitive structure—activity relationship and to
more rigorously evaluate the antifungal potency of
compound 2.

In conclusion, our chemical investigation of L. shin-
shuensis NPCB2401 led to the identification of 11
aromatic metabolites, including a new compound 1.
Beyond the potent antifungal activity demonstrated by
compound 2 against S. cerevisiae, the presence of indole-
3-acetic acid (7, IAA) in the metabolic profile is of
particular significance. IAA is one of the most important
naturally occurring auxins and plays key roles in plant
growth and development, including cell division, elongation,
and tissue differentiation. In addition to its role as a plant
hormone, IAA is recognized as an important microbial
metabolite involved in bacterial physiology, rhizosphere
colonization, and plant-microbe interactions.”® Therefore,
the ability of this endophytic actinomycete to produce
both antifungal agents and growth-promoting hormones
like TAA suggests a multifaceted symbiotic relationship
with its host plant. Specifically, L. shinshuensis may
enhance plant fitness not only by providing a chemical
defense shield against fungal pathogens through the
production of bioactive aromatics but also by directly
modulating host physiological processes via IAA secretion.
These findings underscore the potential of L. shinshuensis
as a promising biocontrol bacteria and plant growth
promoter in sustainable agriculture.
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