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CHEMISTRY AND CYTOTOXIC ACTIVITIES
OF POLYKETIDES PRODUCED BY THE MANGROVE
ENDOPHYTIC FUNGUS Phomopsis SP. ZSU-H76
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A new polyketide, 2-(7-hydroxyoxooctyl)-3-hydroxy-5-methoxybenzeneacetic acid ethyl ester (1), together
with three known compounds dothiorelone A (2), B (3), and C (4) were isolated from the mangrove endophytic
Sfungus Phomopsis sp. ZSU-H76 obtained from the South China Sea. Their structures were elucidated by
spectroscopic methods, mainly 1D and 2D NMR spectroscopic techniques. Primary bioassays showed that
1 exhibited cytotoxicity against HEp-2 and HepG?2 cells with IC 5, values of 25 and 30 ug/mL, respectively.
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Marine-derived fungi have proven to be a rich source of structurally unique and biologically active secondary
metabolites [1]. In our search for new metabolites from marine-derived mangrove endophytic fungi from the South China Sea,
we have isolated many significant new bioactive metabolites [2—8]. This paper reports the isolation and characterization of a
new polyketide, 2-(7’-hydroxyoxooctyl)-3-hydroxy-5-methoxybenzeneacetic acid ethyl ester (1), and three known compounds
dothiorelone A (2), B (3), and C (4) from the mangrove endophytic fungus Phomopsis sp. ZSU-H76 isolated from the stem of
the mangrove tree Excoecaria agallocha from Dong Zai, Hainan, China. Cytotoxic effects of compound 1 against HEp-2 cells
and HepG2 cells were first measured.

The ethyl acetate extract of a fermentation broth of the fungus was repeatedly chromatographed on silica gel using
gradient elution from petroleum to ethyl acetate to give compound 1 from the 15% ethyl acetate/petroleum fraction as a
colorless oil. Compound 1 has molecular formula C,oH,404 as determined by HR-EIMS (m/z 352.1874 [M]*, calcd for
CoH,g0¢, 352.1880) and NMR spectra (see Table 1), which is indicative of six degrees of unsaturation.
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TABLE 1. NMR Data of 1 (CDCls, 6, ppm, J/Hz)

Position dc (DEPT) ou COSY HMBC

1 134.4 (C)
2 124.1 (C)
3 158.7 (C)
4 97.5 (CH) 6.38 (d,1=2.0) C-2, C-3, C-5, C-6, C-1’
5 1612 (C)
6 107.7 (CH) 6.36 (d,1=2.0) C-2,C-4,C-5,C-1",C-9
r 206.8 (C)
2 43.9 (CH,) 282 (t,1=17.2) H-3’ C-2,C-1,C-3, C-4
ki 23.9 (CH,) 1.64 (m) H-2’, H-4/ C-2,C4,C-5

’ 29.2 (CHy) 1.33 (m) H-3’, H-5 C-2,C-3,C-5
5 25.5 (CHy) 1.44 (m) H-4’, H-6' c-4
6 39.1 (CH,) 1.42 (m) H-7’ C-5,C-7,C-8
7 66.8 (CH) 3.77 (m) H-6’, H-8’ C-5,C-6'
8 23.4 (CHj) 1.16 (d, T = 6.4) H-7’ C-6',C-7’
9 38.8 (CHy) 3.60 (s) C-1, C-2, C-6, C-10/
10’ 1712 (C)
1 60.8 (CH) 4.11(q,1=72) H-12 C-107, C-12
12’ 14.1 (CHj3) 124 (t,1=172) H-11 c-11"
3-OH 11.39 (s) C-2,C-3, C-4
5-OCH; 55.3 (CH3) 3.80 (s) C-5

The IR spectrum (KBr) of compound 1 showed absorption bands for hydroxyl (3230 cm™!), conjugated carbonyl
(1670 cm™1), ester carbonyl (1710 cm™!), and aromatic (1618, 1592, and 1445cm™!) functional groups. In the 'H NMR
spectrum for 1, one D,0-exchangeable proton was observed downfield, which was shown to be a phenolic OH signal at
8 11.39 ppm. The presence of a 1,2,3,5-tetrasubstituted benzene ring was deduced from the following proton signals at 8 6.38
(1H, d, J=2.0 Hz) and 6 6.36 (1H, d, J = 2.0 Hz). The remaining proton signals upfield were attributed to an aliphatic chain
in 1. The '3C NMR and DEPT spectra indicated there were two methyl groups, one methoxy group, seven methylenes, three
methines, and six quaternary carbons including one carbonyl carbon (6 206.8) and an ester carbonyl carbon (& 171.2). In the
TH-TH COSY spectrum of 1, the correlations of H-11" and H-12’, H-2” and H-3’, H-3’ and H-2’, H-4’, H-4’ and H-3’, H-5,
H-5" and H-4’, H-6’, H-6" and H-7’, H-7" and H-6’, H-8” showed the existence of two partial structures of C-11"-C-12" and
C-2"-C-3"-C-4"-C-5"-C-6'-C-7"—C-8’. The signals of 6 4.11 (2H, q, J = 7.2 Hz, H-11") and & 1.24 (3H, t, J = 7.2 Hz, H-12")
were attributed to an ethoxy group. The ethoxy group was linked to the carbonyl group at & 171.2 (C-10") by the HMBC
correlations from H-11"to C-10"and C-12".

The HMBC correlations from H-9” to C-1, C-2, C-6, and C-10" showed that the methylene of the sharp singlet at &
3.60 (H-9") was located between the carbonyl group (C-10") and the benzene ring (C-1). Correlations in the HMBC spectrum,
H-2"to C-2, C-1’, C-3’, C-4’, suggested that C-2’ is connected to C-2 through one carbonyl group (C-1"). The methoxyl group
(8 3.80, 8 55.3) was placed at C-5 (8 161.2) by the HMBC correlations. The HMBC correlations of the hydroxyl proton at &
11.39 with C-2, C-3, and C-4 indicated that the hydroxyl group is located at C-3 (8 158.7). Finally, the structure of compound
1 was determined to be 2-(7’-hydroxyoxooctyl)-3-hydroxy-5-methoxybenzeneacetic acid ethyl ester.

Furthermore, three known compounds, 2, 3, and 4, were identified as dothiorelone A, B, and C, respectively, by
comparison of their spectroscopic data with the literature [9]. They were isolated for the first time from an endophytic fungus,
Dothiorella sp. HTF3.

Primary bioassays showed that 1 exhibited weak cytotoxicity against HEp-2 and HepG2 cells with 1Cs values of 25
and 30 pug/mL, respectively.

EXPERIMENTAL

NMR data were recorded on a Varian Inova-500 NB spectrometer using CDCl; and acetone-d, as solvent and TMS
as internal standard. Mass spectra were acquired on a VG-ZAB mass spectrometer. IR spectra were obtained on a Nicolet

626



5DX-FTIR spectrophotometer, and UV spectra were measured on a Shimadzu UV-240 spectrophotometer. Column
chromatography was carried out on silica gel (200-300 mesh; Qingdao haiyang chemicals).

Fungus Material and Culture Conditions. The fungus ZSU-H76 is an endophytic fungus, which was isolated from
the stem of the mangrove tree E. agallocha. It is apospory and was identified as Phomopsis sp. by the DNA internal transcribed
spacer (ITS) region. The nucleotide sequences obtained in this study have been submitting to GenBank and assigned accession
numbers EU236702. Starter cultures were maintained on cornmeal seawater agar. Plugs of agar supporting mycelia growth
were cut and transferred aseptically to a 250 mL Erlenmeyer flask containing 100 mL of liquid medium (glucose 10 g/L,
peptone 2 g/L, yeast extract 1g/L, NaCl 30 g/L). The flask was incubated at 30°C on a rotary shaker for 5-7 days. The
mycelium was aseptically transferred to 500 mL Erlenmeyer flasks containing culture liquid (200 mL).The flasks were then
incubated at 30°C for 25 days.

Extraction and Separation of Metabolites. The cultures (80 L) were separated by filtration into the mycelium and
the filtrate. The filtrate was concentrated to 3.5 L below 50°C and extracted five times by shaking with an equal volume of
EtOAc. Collection and evaporation of EtOAc in vacuo yielded the EtOAc extract (40 g). The EtOAc extract were chromatographed
on silica gel using gradient elution with petroleum ether—EtOAc (90:10 to 60:40) to give five fractions (A—E). Fraction B was
purified by column chromatography on silica gel with petroleum ether—EtOAc (85:15) to give compound 1 (4 mg). Fraction
C was purified by column chromatography on silica gel with petroleum ether—EtOAc (70:30) to give subfraction b. Subfraction
b was separated by preparative TLC (petroleum ether—-EtOAc, 50:50) to give compound 2 (3 mg), 3 (3.5 mg), and 4 (4.5 mg),
respectively.

2-(7’-Hydroxyoxooctyl)-3-hydroxy-5-methoxybenzeneacetic Acid Ethyl Ester (1). Colorless oil. UV spectrum
(CH;0H, A, nm) (loge): 240 (3.65), 276 (3.42), 298 (2.73). IR spectrum (KBr, v, em™1): 3230 (OH), 2930, 2856, 1710
(C=0), 1670 (C=0), 1618, 1592, 1445 (Ph), 1325, 1200, 1152, 1025. Mass spectrum (EI", m/z, I, %): 352 (25) [M]", 334
[M-H,0] (10), 237 (40), 223 (8), 210 (60), 209 (45), 181 (100), 164 (18). Mass spectrum (HR-EI", m/z, I, %): 352.1874
(25.3) [M]™, (caled 352.1880). 'H, 13C NMR see Table 1.

2-(7’-Hydroxyoxooctyl)-3,5-dihydroxybenzeneacetic Acid Ethyl Ester (2). Colorless oil. Mass spectrum (EI*, m/z,
I, %): 338 (20) [M]", 320 [M—H,0] (15), 277 (25), 223 (56), 195 (44), 167 (100), 150 (14). Mass spectrum (HR-EI", m/z,
o> %): 338.1717 (20) [M]", (caled 352.1723).

TH NMR (500MHz, acetone-dg, 8, ppm, J/Hz): 11.35 (OH), 9.74 (OH), 6.26 (1H, d, ] = 2.2), 6.19 (1H, d, ] = 2.2),
3.98 2H, q,J=7.2),3.56 (1H, m), 3.53 (2H, s), 2.76 (2H, t, ] = 6), 1.48 (2H, m), 1.25 (2H, m), 1.24 (2H, m), 1.20 (2H, m),
1.15 (3H,t,J=7.2), 1.02 (3H, d, ] = 5.3). 13C NMR (125 MHz, acetone-dg, 8, ppm): 206.2 (C), 171.1 (C), 159.5 (C), 157.5
(©), 135.2 (C), 120.0 (©), 110.3 (CH), 101.6 (CH), 65.8 (CH), 60.0 (CH,), 43.6 (CH,), 38.9 (CH,), 38.0 (CH,), 29.0 (CH,),
25.4 (CH,), 24.0 (CH,), 23.7 (CHy), 14.1 (CH,).

2-(6’-Hydroxyoxooctyl)-3,5-dihydroxybenzeneacetic Acid Ethyl Ester (3). Colorless oil. Mass spectrum (EI*, m/z,
I, %): 338 (17) [M]", 320 [M—H, 0] (10), 277 (28), 223 (52), 195 (46), 167 (100), 150 (18). Mass spectrum (HR-EI", m/z,
Iy %): 338.1719 (17) [M]", (caled 352.1723). TH NMR (500 MHz, CDCly, 8, ppm, J/Hz): 11.47 (OH, br.s), 8.05 (OH, s),
6.27 (1H, s), 6.26 (1H, s), 4.19 (2H, q, ] = 7.2), 3.78 (2H, s), 3.55 (1H, m), 2.86 (2H, t, ] = 7.2), 1.46 (2H, m), 1.43 (2H, m),
1.26 (2H, m), 1.25 (2H, m), 1.24 (3H, t,J = 7.2), 0.94 (3H, t, ] = 7.4). 13C NMR (125 MHz, CDCls, 6, ppm): 206.6 (C), 171.2
(©), 163.7 (0), 160.5 (C), 136.6 (C), 116.9 (C), 112.7 (CH), 103.2 (CH), 73.1 (CH), 61.7 (CH,), 43.3 (CH,), 41.7 (CH,), 36.5
(CH,), 30.3 (CH,), 29.8 (CH,), 29.7 (CH3), 25.2 (CH,), 9.9 (CH;).

2-(8’-Hydroxyoxooctyl)-3,5-dihydroxybenzeneacetic Acid Ethyl Ester (4). Colorless oil. Mass spectrum (EI*, m/z,
L., %): 338 (22) [M]", 320 [M-H,0] (18), 277 (28), 223 (65), 195 (53), 167 (100), 150 (20). Mass spectrum (HR-EI", m/z,
I %): 338.1718 (22) [M]", (caled 352.1723). 'H NMR (500 MHz, CDCls, 8, ppm, J/Hz): 12.06 (OH, br.s), 7.89 (OH, s),
6.32(1H,d,J=2.5),6.28 (1H,d,J=2.5),4.17 2H, q,J=7.2),3.82 (2H, 5), 2.82 (2H, t,J =7), 3.65 (2H, t, ] = 6.5), 1.37 (2H,
m), 1.35 (2H, m), 1.33 (2H, m), 1.28 (2H, m), 1.26 (2H, m), 1.25 (3H, t,J=7.2). 13C NMR (125 MHz, CDCly, 6, ppm): 206.0
(C), 171.3 (C), 164.6 (C), 160.4 (C), 136.8 (C), 112.5 (CH), 116.6 (C), 103.2 (CH), 63.1 (CH,), 61.4 (CH,), 43.3 (CH,), 41.8
(CH,), 29.8 (CH,), 29.0 (CH,), 32.7 (CH,), 25.5 (CH,), 24.9 (CH,), 14.1 (CHj).

Bioassays. The cytotoxic assays were performed using the MTT assay method [10]. Compound 1 exhibited weak
cytotoxicity against HEp-2 and HepG2 cells with IC, values of 25 and 30 pg/mL, respectively.
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