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Abstract - Using antifungal activity-guided fractionation, an actinomycete, Streptomyces padanus strain TH-04,
which was isolated from mummified peaches infected with Monilinia fructicola, was found to produce the
valinomycin (1). The structure of 1 was established using spectroscopic data, which including one- and two-
dimensional NMR experimental and mass spectroscopy. Valinomycin (1) showed antifungal activity against
Phytophthora capsici, with an ICs, value of 15.9 ug/mL,
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Introduction

Genus Streptomyces is the source of the vast majority
of actinomycete secondary metabolites that have been
discovered to date. Substantial numbers of Streptomyces
species produce medically useful agents, including a wide
array of antifungal, antibacterial, and antitumor agents
(Jensen et al., 2007; Jeong et al., 2006; Miyadoh, 1993).
Accordingly, Streptomyces strains, as sources of a larger
and wider variety of novel drugs, have been continuously
noted more frequently than any of the other actinomycete
genera (Lee et al., 2005). In the course of our screening
program for bioactive natural compounds, we isolated a
number of actinomycete strains from mummified peaches
infected with Monilinia fructicola in various regions of
the Republic of Korea (Lim et al., 2000). Streptomyces
padanus strain TH-04 was identified in the actinomycete
strains showing antifungal activity against several
pathogenic fungi, including M fructicola, Colletotrichum
gloeosporioides, Magnaporthe grisea, Rhizoctonia solani,
Phytophthora capsici, Alternaria kikuchiana, Fusarium
solani, Fusarium oxysporum (Lim et al., 2000). Activity-
guided fractionation by solvent partitioning and purification
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with silica gel column chromatography yielded a pure
active compound. The structure of this compound was
found to be that of a dodeca-cyclodepsipeptide,
valinomycin, based upon the results of combined spectral
analysis. This compound is known to be an antibiotic
substance. However, the plant antifungal activity of
valinomycin has not been reported thus far. In this paper,
we describe the fermentation of Streptomyces padanus
TH-04 and isolation, physico-chemical properties, structural
determination, and antifungal activity of valinomycin (1).

Experimental

General experiments — 'H-NMR (600 MHz) and *C-
NMR (150 MHz) spectra were measured with a Bruker
DMX 600 FT-NMR spectrometer, the chemical shifts
being represented as ppm with tetramethylsilane as an
internal standard. Optical rotation was measured on a
JASCO DIP-370 polarimeter. ESI-MS spectrum was
recorded on a HP5989A DIP mass spectrometer. Column
chromatography was carried out using Kieselgel 60 (63-
200 pm, Merck Co.). Thin layer chromatography (TLC)
was carried out using plates coated with silica gel 60 Fs,
(Merck Co.) and spots were visualized under UV light
and by 10% sulfuric acid (in H,O) following by heating.

Actinomycete strain — Actinomycete strain TH-04
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was isolated from mummified peaches infected with
Monilinia fructicola collected at Jochiwon, Chungcheong-
nam-do, Republic of Korea. The samples were heated for
30 min at 80 °C, and were then used as isolation sources
after they were washed three times with sterilized distilled
water and dried. Actinomycete colonies were isolated
after 2 -4 weeks incubation on starch-nitrate agar. The
colonies were freeze-dried and stored at —40 °C until use.

For identification of selected strain, 16S rDNA sequences
were analyzed. Target DNA was amplified with a PCR kit
using universal primers (27F 5-AGA GIT TGA TCA
TGG CTC AG-3', 1492R 5'-GGA TAC CTT ACG ACT
T-3"). The conditions of the thermal cycles were as follow;
pre-denaturation at 94 °C for 5 min; 40 cycles of dena-
turation for 1 min at 94 °C, annealing at 60 °C for 1 min,
extension at 72 °C for 1.5 min, further extension at 72 °C
for 10 min, and cooled to 4 °C. After purification of PCR
product, it was sequenced with DNA analyzer (ABI
PRISM 3700).

Fermentation — For isolation of active substance in
liquid culture, fermentation of actinomycete strain TH-04
was performed in a 1 L flask containing 500 mL of YMB
(yeast extract 3 g, malt extract 3 g, peptone 5 g, dextrose
10 g, and H,O 1L). The inoculum consisted of culture
broth (10® cfi/mL) that was incubated for 7 days at 150
rpm and 25 °C on YMB. Inoculant was added at a rate of
2x10° cfu per 100 mL of medium. Incubation was
performed with shaking at 150 rpm and 25 °C for 7 days.
The conditions for incubation have been reported
previously (Lim ez al., 2000).

Extraction and isolation — For extraction, culture
broth was dried with a vacuum freeze dryer (Samwon,
SFDSM24L, Korea). Dried powder containing bacteria
was successively extracted three times at 4°C with
MeOH in order to create sub-antifungal powder without
bacteria, and was evaporated under reduced pressure to
obtain a residue (88.5g). The MeOH extract was
suspended in H,O and partitioned with hexane, FtOAc,
BuOH and water, successively, to yield the hexane-,
EtOAc-, and BuOH-soluble fractions, respectively. The
EtOAc-soluble fraction (2.5 g) was chromatographed on a
silica gel column (85 g). Elution was started with hexane-
EtOAc (8:1, 8:2, 8:3), CHCl; : MeOH (100:0, 95 : 5,
10:1, 7:1) and then CHCl;-MeOH-H,O (8:2:0.5)
yielded 7 fractions (Fr. 1 - 7). Repeated column chromatography
of fraction 2 (510 mg), which was showed antifungal
activity against P. capsici, on silica gel (75 g) and recry-
stallization with MeOH yielded compound 1 (35 mg).

Compound 1 - Colorless plates; mp 186 - 188 °C; [a]p
+30.8° (¢ 0.5, MeOH); ESI-MS m/z: 1111.5 M +H];
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Fig. 1. Structure of compound 1 from S. padamus TH-04.

Table 1. NMR spectral data of compound 1 (MeOH-d,, 'H; 600
MHz, ¥C; 150 MHz)

'H-NMR BC-NMR HMBC (C to H)
Hiv
1-CO 1721  2-H,7-H
2-CH 4.82 (1H,d, 4.1) 802  4-H,5-H
3-CH 2.28 (1H, m) 318 2-H,4-H,5-H
4-CH, 0.98 (3H, m) 194 2-H,3-H,5H
5-CH; 0.98 (3H, m) 176  2-H,3-H,4-H
Val
6-CO 1716 7-H,12-H
7-CH 435 (1H, d, 8.5) 599  8-H,9-H, 10-H
8-CH 2.28 (1H, m) 307 7-H,9-H
9-CH;, 0.98 (3H, m) 198  7-H, 8-H, 10-H
10-CH; 098 (3H, m) 192 7-H,9-H
Lac
11-CO 1732 12-H, 13-H, 15-H
12-CH;  5.08(1H, g, 7.0) 719 13-H
13-CH; 140 (3H,d,6.5) 179  12-H
Val -
14-CO 1726  15-H,2-H
15-CH  420(1H,d,9.0) 59.9  16-H, 17-H, 18-H
16-CH 225 (1H, m) 310  15-H,17-H
17-CH;  0.98 (3H, m) 196  15-H,18-H
18-CH;  0.98 (3H, m) 188  15-H,17-H

'H- and *C-NMR data: see Table 1.

Antifungal activity test —Fungal strain used in the
antifungal activity test is P capsici as a representative
fungus of plant pathogen. Test compound was dissolved
in EtOH and added to potato dextrose agar. The
concentration of test compound in medium was adjusted
to 0.1, 1, 10, 100, and 1000 pg/ml and final concentration
of EtOH was 0.5%. Agar-plugs (dia. 5 mm) with mycelium
of P. capsici grown on PDA as inoculum were placed on
test medium. The cultivation was carried out at 25 °C for
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5 days. The antifungal activity was measured by the
diameter of growth inhibitory zone around the paper disc

(Bang et al., 2000).

Results and Discussion

Streptomyces padanus TH-04 was harvested from
mummified peaches infected with Morilinia fructicola
and incubated at 150 rpm and 25 °C in YMB broth. The
culture broth was dried with a freeze dryer and extracted
with MeOH. The MeOH extract was partitioned with
hexane, EtOAc, and BuOH, respectively. Bioassay-guided
fractionation of the EtOAc-soluble components via silica
gel column chromatography followed by recrystallization
with MeOH yielded pure crystals of the compound (1).

Compound (1) was obtained in the form of optically
active crystals, [a]p +30.8°, that gave a molecular ion in
the ESI-MS at m/Zz 1111.5, appropriate for molecular
formula of Cs4HgoNgO,5. The compound exhibited four a-
methine protons at & 5.08 (q, /=7.0 Hz), 4.82 (d, J=4.1
Hz), 4.35 (d, J=8.5 Hz), and 4.20 (d, J=9.0 Hz), three
methine protons at J 2.28 (2H, m) and 2.25 (m), and
seven methyl protons at & 1.40 (d, /= 6.5 Hz) and 0.98
(18H, m), which were assignable to a tetradepsipeptide in
the "H-NMR spectrum, compared with that of montanastatin
isolated from a soil actinomycete Streptomyces anulatus
(Pettit et al., 1999). In addition, the *C-NMR and DEPT
spectra displayed typical signals of depsipeptide, such as
four carbonyl carbons at §173.2, 172.6, 172.1, and 171.6,
two a-methine carbons of amino acid residues at 6 59.9
(x 2), two oxygenated methine carbons at § 80.2 and 71.9,
and seven methyl carbons at §19.8, 19.6, 19.4, 19.2, 18.8,
179, and 17.6. Assignments of the cross-peaks in the
COSY, HMQC, HMBC and TOCSY spectra suggested that
compound 1 was composed of four units, a a-
hydroxyisovaleryl unit (CH3),CHCHOCO (Hiv), two
valines (CH;),CHCHNHCO (Val), and a lactoyl unit
CH;CHOCO (Lac) (Zeggaf et al., 1989). The sequence
was established by analysis of the HMBC spectrum
(Rukachaisirikul et al., 2006). Long-range correlations
between Val o-H (8y 4.35) and Hiv CO (&c 172.1),
together with Val -H (8y 4.35)/Lac a-H (g 5.08) and
Val CO (& 171.6) confirmed the linkages of the Hiv CO/
Val NH and Val CO/Lac CHO. The Lac CO (& 173.2)
further connected with the Val CH (&y 4.20) in the
HMBC spectrum. Furthermore, the ESI mass spectral
data found for compound 1 established the molecular
formula as Cs,HgoNgOs, corresponding to a trimetric
molecule of the tetradepsipeptide (D-Hiv-D-Val-L-Lac-L-
Val). The absolute configuration was assigned by HPLC
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analysis of the acid hydrolysate using a ligand-exchange
type chiral column (Fukuda et al., 2004) and by comparison
with the 'H- and 3C-NMR data of those in the relevant
literature (Pettit er al., 1999). Thus, compound 1 was
determined to be valinomycin; cyclo-(-D-Hiv-D-Val-L-
lac-L-Val);.

Valinomycin (1) exhibited antifungal activity against
P.capcisi, with an ICsy value of 15.9 ug/ml. Valinomycin
has been reported to have apoptosis-inducing activity
against Chinese hamster ovary cells (Abdalah et al,
2006), cytotoxic activity against human and murine cancer
cells (Ryoo et al., 2006; Pettit et al., 1999), and antiviral
activity (De Clercq, 2006). This may be the first report to
indicate that valinomycin has antifungal activity against
P.capcisi.
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