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A new a-pyrone derivative, compound 2, and a known one, cladobotrin V, were
isolated from the culture broth of the mangrove endophyte Fusarium sp. IM-37. Their
structures were determined spectroscopically and compared with previously reported
spectral data. Compound 2 restored the growth inhibition caused by hyperactivated
Ca2þ-signaling in mutant yeast.
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1. Introduction

Marine-derived microorganisms have

become rich sources of novel and bio-

active secondary metabolites for drug

discovery. In fact, structurally unique and

biologically active compounds have been

isolated from marine-derived microorgan-

isms [1]. In our search for new metabolites

from mangrove endophytic fungi from the

Java Sea of Indonesia, we have isolated a

new bioactive metabolite, 12-O-deacetyl-

phomoxanthone A from the Phomopsis

sp. IM 41-1, which showed antimicrobial

activity against plant pathogenic fungi [2].

Generally, endophytes inhabit the inner

tissues of plants as their specific microbial

biota. Ecological interaction of the man-

grove microenvironment has not only

evolved the host plants but also endo-

phytes, which share a common substrate.

The habitat of mangroves demands a

frequent variation in salinity, temperature,

and moisture; hence, microorganisms

isolated from unexplored habitats like

mangroves have a unique and proven

capacity to produce novel compounds [3].

This paper reports on the isolation,

structural elucidation, and biological

activities of cladobotrin V (1), and one

new compound 2 from the mangrove

endophytic fungus Fusarium sp. IM-37

isolated from Rhizophora mucronata

(Figure 1).

2. Results and discussion

Fusarium sp. IM-37 was isolated from

R. mucronata, and the producing strain IM-

37 was cultivated on sterilized, unpolished

rice (18 g/Petri dish £ 50; total of 900 g) at

258C for 4 weeks. A methanol extract from

the fermented unpolished rice was con-

centrated and then partitioned between

ethyl acetate (EtOAc) and water. The

purification of the EtOAc layer was guided

by the characteristically intense blue

coloration with a vanillin–sulfuric acid

solution on the TLC plates. The EtOAc

layer was chromatographed on a silica gel
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column using a stepwise elution of n-

hexane/EtOAc. Further chromatographic

separation using silica and ODS gel

yielded two compounds: cladobotrin V

(1, 25mg) and the new related derivative 2

(12mg).

Cladobotrin V (1, 5-hydroxymethyl-4-

methoxy-6-(E-propenyl)-2-pyrone) was

identified on the basis of its 1H and 13C

NMR, 1H–1H COSY, HMQC, and HMBC

data (Table 1) [4].

Compound 2 was assigned the mol-

ecular formula C10H10O6 on the basis of

the [M 2 H]2 peak in the HR-ESI-TOF-

MS data. The UV spectrum of 2 exhibited

absorption maxima at 235 and 341 nm,

suggesting the presence of a conjugated

enone system in its structure. The IR

spectral data showed absorption bands at

3300, 1720, 1700, and 1675 cm21, indi-

cating the presence of a hydroxyl and

an unsaturated ester group, respectively.

Figure 1. Structures of compounds 1–4.

Y. Shiono et al.2
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The 13C NMR spectrum (Table 1) showed

the presence of 10 carbon signals, and

further analysis of the DEPT experiment

revealed that the 13C NMR signals

consisted of two sp3, six sp2, and two

carbonyl carbon atoms. The signals of six

olefinic carbon atoms indicated the pre-

sence of three double bonds in 2. These

carbon atoms along with two carbonyl

carbon atoms accounted for five degrees of

unsaturation; therefore, the remaining one

degree of unsaturation should be due to the

presence of one ring in the molecule. In the
1H NMR spectrum, one methoxy, one

oxymethylene, and three olefinic methines

were observed. Analysis of 1H–1H COSY

data showed one spin network of the

couplings between H-6 and H-7 (Figure 2).

The lactone linkage required by the

molecular formula was shown to be

between C-1 and C-5 by the highly similar
13C shift values of 2 compared with those

of the a-pyrone [5,6]. In the HMBC

spectrum, HMBC correlations from H-6 to

C-4 and C-8, and from H-7 to C-5 showed

the presence of a propenoic acid moiety

[dH 6.76 (1H, d, J ¼ 16.1Hz, H-7), 7.57

(1H, d, J ¼ 16.1 Hz, H-6), dC 171.7 (C-1),

130.4 (C-6), 129.6 (C-7)] at C-5 of the

pyrone. Observations of HMBC corre-

lations from H-10 to C-3 and C-5, and

from H-2 to C-1 and C-4, together with

those from OMe-9 to C-3 established the

planar structure of 2 as shown in Figure 2.

These observations indicate that 2 is a new

derivative of 1.

The microbial metabolites closest in

similarity to 1, which possess the unique

basic structural units 5-hydroxymethyl-4-

methoxy-6-(E-propenyl or propenoic

acid)-2-pyrone, were allantopyrone A (3)

and islandic acid-II methyl ester (4)

that were isolated from the endophyte

Allantophomopsis lycopodina KS-97 [6].

Compounds 3 and 4 showed a 50% cell

growth inhibition of HL60 cells at a

concentration of 0.32 and 6.55mM,

respectively. Assessment of cytotoxicity

of 1 and 2 against HL60 cells by a MTT

assay showed no cytotoxic activity at a

concentration of 100mM. The lower

activity of 1 and 2 compared with that of

Table 1. 1H, 13C NMR, and HMBC data for 1 and 2 (d in ppm, J in Hz).a

1b 2c

No. dC dH HMBC dC dH HMBC

1 170.2 s 171.7 s
2 88.6 d 5.48 (1H, s) 1, 3 91.6 d 5.76 (1H, s) 3, 4
3 163.3 s 164.9 s
4 109.3 s 117.1 s
5 157.0 s 156.1 s
6 137.0 d 6.81 (1H, d, 16.0) 4, 8 130.4 d 7.57 (1H, d, 16.1) 4, 8
7 119.0 d 6.43 (1H, m) 5, 8 129.6 d 6.76 (1H, d, 16.1) 5, 8
8 18.7 q 1.94 (3H, d, 6.7) 6, 7 169.9 s
9 56.3 q 3.86 (3H, s) 3 57.5 q 3.93 (3H, s) 3
10 54.1 t 4.52 (2H, s) 3, 4, 5 49.4 t 4.55 (2H, s) 3, 5

a 13C NMR spectrum was recorded at 100MHz and 1H NMR spectrum at 400MHz.
bMeasured in CDCl3.
cMeasured in CD3OD.

Figure 2. Key HMBC (arrows) correlations
observed for 2.
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3 and 4 confirmed that the substitution at

C-2 of the 2-pyrone seems to enhance

cytotoxic activity.

In addition, two isolated compounds

were tested for their inhibitory effect on

Ca2þ-signaling using the mutant yeast

strain Saccharomyces cerevisiae (zds1D
erg3D pdr1D pdr3D: YNS17 strain). This

mutant strain is not able to grow at high

CaCl2 concentrations because of blockage

of the cell-cycle progression of the G2

period by hyperactivation of the Ca2þ-
signaling pathway [7,8]. Cell-cycle regu-

lation by high Ca2þ levels is affected by

two parallel pathways, the calcineurin and

the Mpk1MAPK cascade. These pathways

coordinately activate Swe1 at the tran-

scriptional and post-translational level.

In turn, Swe1 inhibits the cell cycle in

the G2 phase by the phosphorylation of

Cdc28-Clb at Tyr19. This assay system

was able to detect inhibitors of Ca2þ-
signal transduction by their ability to

stimulate cell growth as a growth zone

around a paper disc containing the active

compound [9,10]. In fact, the calcineurin

inhibitor FK506 was detected in this

mutant yeast by restoration of growth.

In this screening assay system, 2 showed a

dose-dependent growth-restoring activity

in mutant yeast involving Ca2þ-signal
transduction (from 25 to 1.56mg/spot)
(Figure 3). However, 1 exhibited no

activity even at a dose of 25mg/spot
(data not shown). Further pharmacological

studies of 1 and 2 are currently underway.

3. Experimental

3.1 General experimental procedures

IR and UV spectra were recorded with FT-

710 (HORIBA, Kyoto, Japan) and Shi-

madzu UV mini-1240 (Shimadzu, Kyoto,

Japan) spectrophotometer, respectively.

Mass spectra were obtained using a waters

Synapt G2 instrument (Waters, Milford,

MA, USA), and 1H and 13C NMR spectra

were acquired with a JEOL EX-400

spectrometer (JEOL, Tokyo, Japan).

Chemical shifts are given on a d (ppm)

scale with TMS as an internal standard.

Semipreparative HPLC was carried out

with Shimadzu pump and UV LC-10A

detector (set at 210 nm, Shimadzu) on

Mightysil ODS column (5mm, 150mm

£ 6.0 mm; Kanto Chemical Co., Inc.,

Tokyo, Japan) at the flow rate of 2.0ml/

min. Column chromatography was con-

ducted on silica gel 60 (Kanto Chemical

Co., Inc.) and ODS (Fuji Silysia, Kasugai,

Aichi, Japan). TLC was carried out on

Merck precoated silica gel plates (silica

gel 60 F254, Darmstadt, Germany), and

spots were detected by spraying with 10%

vanillin in H2SO4 followed by heating or

by UV irradiation.

3.2 The producing strain

The fungal strain Fusarium sp. IM-37 was

isolated from a mangrove plant collected

from a forest in Muara Angke, Jakarta,

Indonesia in October 2012. The branch

samples were surface-sterilized succes-

sively with 70% EtOH for 1min, 5%

sodium hypochlorite for 5min, and 70%

EtOH for 1min, then rinsed in sterile water

for two times. The sterilized samples were

Figure 3. Growth-restored activity of 2
against the mutant strain, S. cerevisiae
YNS17. Growth-restored activities of 2
against S. cerevisiae YNS17 (zds1D erg3D
pdr1D pdr3D) in the presence of 0.3M CaCl2.
1:25mg/spot, 2: 12.5mg/spot, 3: 6.25mg/spot,
4. 3.13mg/spot, 5: 1.56mg/spot, 6: 0.78mg/
spot, 7: 2.5mg/spot (FK506).

Y. Shiono et al.4
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dried on sterilized paper and cut into 1-cm

pieces. The pieces were placed on plates of

potato-dextrose-agar (PDA) containing

chloramphenicol (100mg/l). After incu-

bation at 258C for 7 days, the hyphal tips of

the fungi on the plates were removed from

the agar plates and transferred to PDA

plates (slant). The strain IM-37 was

isolated and grew on slants of PDA as

white colored culture. This strain was

identified to be Fusarium sp. by BEX. Co.

LTD, Tokyo Japan, using a DNA analysis

of the 18S rDNA regions. This fungus has

been deposited at our laboratory in the

Faculty of Agriculture of Yamagata

University.

3.3 Fermentation, extraction, and
isolation

The fungal strain IM-37 was cultivated on

sterilized unpolished rice (total 900 g,

18 g/Petri dish £ 50) at 258C for 4 weeks.

The moldy unpolished rice was extracted

with MeOH (2 l), and MeOH extract was

concentrated. The resulting aqueous con-

centrate was partitioned into n-hexane

layer (0.5 l), EtOAc layer (1.5 l), and

aqueous layer (0.5 l). Purifications of

eluates were monitored by the character-

istic intense blue coloration with 10%

vanillin in H2SO4 on TLC plates. The

EtOAc layer (2.5 g) was chromatographed

on a silica gel column with stepwise

elution of n-hexane–EtOAc (100:0–

0:100) and EtOAc–MeOH (50:50,

0:100), respectively, to afford fractions 1-

1 to 1-13. Fraction 1-12 (EtOAc–MeOH,

50:50, 445mg) was subjected to silica gel

column chromatography by eluting with

CHCl3 and an increasing ratio of EtOAc

(100:0–0:100) to afford fractions 2-1 to 2-

13. Fractions 2-6 and 2-7 (CHCl3–EtOAc,

50:50, 40:60, 210mg) were combined and

further separated by semipreparative ODS

HPLC (MeOH–H2O, 60:40) to give

compound 1 (25.0 mg, tR 11.9 min).

Fraction 2-11 (CHCl3–EtOAc, 0:100,

110mg) was subjected to semipreparative

ODS HPLC (MeOH–H2O, 80:20) to give

compound 2 (12.0mg, tR 9.7min).

3.3.1 Compound 2

White amorphous powder; UV (MeOH)

lmax (nm): 235, 341; IR (KBr) nmax (cm
21):

3300, 1720, 1700, 1675, and 1050;
1H (400MHz) and 13C NMR (100MHz)

spectral data, see Table 1; Negative

HR-ESI-TOF-MS: m/z 225.0419 [M2 H]2

(calcd for C10H9O6, 225.0399).

3.4 Growth-restored activity of samples
against YNS17 strain

Screening was performed according to the

previously described method [11]. Each

sample was dissolved in MeOH and two-

fold dilutions of them were used. Difcow

yeast–peptone–dextrose (YPD) broth and

YPD agar were purchased from Becton

Dickinson Biosciences (Franklin Lakes,

NJ, USA). The mutant yeast, YNS17

(MATa zds1::TRP1 erg3::HIS3 pdr1::

hisG-URA3-hisG pdr3::hisG) yeast strain

was derivative of strain W303-1A [10].

A 5-ml aliquot of samples was spotted on a

YPD agar medium containing YNS17

strain and 0.3M CaCl2. After 3 days of

incubation at 288C, the intensity of the

growth spot was observed as the result of

inhibition of Ca2þ-signal transduction.

FK506 (2.5 ng/spot) was used as a positive

control. FK506 was kindly provided by

Fujisawa Pharmaceutical Co., Ltd. (the

present Astellas Pharma, Inc., Tokyo,

Japan).
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