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Talaflavuterpenoid A (1), a new nardosinane-type sesquiterpene, was isolated from the
wetland soil-derived fungus Talaromyces flavus BYD07-13, and its structure was
elucidated on the basis of HR-MS, NMR, and X-ray diffraction analysis. The absolute
configuration of 1 was established by comparing the experimental electronic circular
dichroism (ECD) spectrum with the calculated ECD spectra. Its cytotoxic effects on
five human tumor cell lines (HL-60, SMMC-7721, A-549, MCF-7, and SW480), and
antimicrobial activity against Escherichia coli, Staphylococcus aureus, Candida
albicans, and Aspergillus nigerwere evaluated. This is the first report of the presence of
nardosinane-type sesquiterpene in Talaromyces sp.

Keywords: wetland soil-derived fungus; Talaromyces flavus; nardosinane-type
sesquiterpene; structure elucidation; biological activities

1. Introduction

Fungi of the genus Talaromyces have been

found in solitary as well as endophytic

status surviving in various climates world-

wide from terrestrial to marine environ-

ments [1–3]. Previous chemical

investigations revealed that this genus

produces a variety of interesting secondary

metabolites, including antibacterial

anthraquinones [3], nematocidal and cyto-

toxic macrolides [4,5], nematocidal alka-

loids [6], azaphilones with inhibitory

activity against eukaryotic DNA polymer-

ase [7], antifungal and cytotoxic polyesters

[8,9], and cytotoxic norsequiterpenes [10].

In our continuing search for bioactive

metabolites from fungi, we recently

described the isolation and identification

of several new polyesters from the wetland

soil-derived fungus Talaromyces flavus

BYD07-13 [11]. Further investigation on

this fungal strain has led to the isolation of

a new nardosinane-type sesquiterpene,

namely talaflavuterpenoid A (1) (Figure 1).

To our knowledge, this is the first report of

the presence of nardosinane-type sesqui-

terpene in the genus of Talaromyces. In

this paper, we report the isolation and

structure elucidation of 1, as well as its

cytotoxic and antimicrobial activities.

2. Results and discussion

Compound 1 was obtained as colorless

crystals. The HR-ESI-MS showed a quasi-

molecular ion peak at m/z 233.1535

[M þ H]þ, which indicated that the mol-

ecular formula should be C15H20O2 (six

degrees of unsaturation). The UV spectrum

q 2014 Taylor & Francis
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showed absorption maxima at 202, 241,

and 276 nm. The IR spectrum showed

absorption band of conjugated carbonyl

group (1667 cm21). Its 1H and 13C NMR

spectra (Table 1) combinedwithDEPT 135

spectrum revealed 15 carbon signals,

including 3 methyl, 3 methylene, 5

methine, and 4 quaternary carbons. The

olefinic carbons at dC 130.5, 148.1 and the

carbonyl carbon at dC 187.7 showed

characteristic chemical shifts for an a,b-
unsaturated carbonyl group. Two spin-

coupling systems were observed in the
1H–1H COSY spectrum, suggesting the

presence of the following structural units

C-1/C-2/C-3/C-4/C-15 and C-6/C-7/C-8

(Figure 1). The HMBC correlations from

H-1 to C-5/C-10, from Ha,b-2 to C-10, and

from H3-15 to C-3/C-4/C-5 allowed the

definition of the ring Amoiety. The HMBC

correlations fromH-6 to C-5/C-10, fromH-

7 to C-9, and from H-8 to C-10 demon-

strated the existence of the ring B moiety.

The isopropyl group was deduced by the

HMBC correlations fromH3-13 to C-11/C-

12 and then located atC-6 due to theHMBC

correlation from H3-13 to C-6. Moreover,

the isolated methyl group was located at C-

5 based on the HMBC correlations from

H3-14 to C-4/C-5/C-6. Based on the above

results, the nardosinane skeleton for 1 was

established (Figure 1). Considering the 13C

NMR chemical shifts of C-11 (dC 57.2) and

C-12 (dC 55.2), as well as the remaining

degree of unsaturation, two carbons should

be connected to the remaining oxygen to

form an epoxide moiety. Collectively, the

planar structure of 1 was established

(Figure 1). The proposed structure and the

relative configuration of 1 were unequi-

vocally assigned by a single-crystal X-ray

diffraction analysis (Figure 2), which is in

accordancewithNOE correlations between

H-6 and H3-14/H3-15, and between H-4

and H3-13 in the NOESY spectrum. Thus,

the relative configuration of 1 was desig-

nated as 4R*, 5R*, 6R*, and 11S*.

Furthermore, the predicted electronic

circular dichroism (ECD) curves of

(4R,5R,6R,11S)-1 and (4S,5S,6S,11R)-1

were calculated by a quantum chemical

method at [B3P86/6-311 þ þ G (2d, p)]

level [12], and the predicted ECD curve of

(4R,5R,6R,11S)-1 was similar to the

experimental one (Figure 3), which

determined the absolute configuration of

1 as 4R, 5R, 6R, and 11S. On the basis of

Table 1. 13C (100MHz) and 1H NMR (400MHz) spectral data for 1 in CDCl3.

No. dC dH (mult., J in Hz) No. dC dH (mult., J in Hz)

1 136.7 6.89–6.91 (m) 8 130.5 6.30 (dd, 10.1, 0.7)
2 25.7 2.25–2.32 (m), Ha 9 187.7

2.19–2.24 (m), Hb 10 140.2
3 26.2 1.54–1.59 (m), Ha 11 57.2

1.42–1.49 (m), Hb 12 55.2 2.84 (d, 4.8), Ha

4 33.1 1.98–2.03 (m) 2.71 (d, 4.8), Hb

5 40.6 13 17.5 1.09 (s)
6 52.0 2.17 (d, 6.3) 14 22.1 1.03 (s)
7 148.1 6.88 (dd, 10.1, 6.3) 15 16.3 0.94 (d, 6.6)
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Figure 1. Chemical structure, key 1H–1H
COSY, and HMBC correlations of 1.
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the above analysis, the structure of 1 was

elucidated, named talaflavuterpenoid A.

The nardosinane sesquiterpene is an

uncommon type of sesquiterpenes in

nature, which has been isolated from soft

corals [13–15], plants [16–18], endophy-

tic fungi [19,20], liverworts [21,22], and

gorgonian [23]. This is the first report on

the isolation of nardosinane-type sesqui-

terpene from soil fungus.

Talaflavuterpenoid (1) was tested for

the cytotoxic activity against five human

tumor cell lines (HL-60, SMMC-7721, A-

549, MCF-7, and SW480) and the anti-

microbial activity against Escherichia coli,

Staphylococcus aureus, Candida albicans,

and Aspergillus niger. However, 1 showed

no cytotoxic (IC50 . 40mM) and antimi-

crobial activities (MIC .1.0mg/ml).

Figure 2. The ORTEP drawing of the asymmetric unit of 1.
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Figure 3. Experimental and calculated CD spectra of 1 (in CH3OH).
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3. Experimental

3.1 General experimental procedures

Optical rotation was measured using a

JASCO P-1020 polarimeter (JASCO Cor-

poration, Tokyo, Japan). The IR spectrum

(KBr) was recorded on a JASCO FT/IR-

480 plus Fourier transform infrared spec-

trometer (JASCO Corporation). The UV

spectrum was recorded in CH3OH using a

JASCO V-550 UV/Vis spectrophotometer

(JASCO Corporation). CD spectrum was

recorded in CH3OH using a JASCO J-810

spectrophotometer at room temperature.
1H (400MHz), 13C (100MHz), DEPT 135

(100MHz), and 2D (1H–1H COSY,

HSQC, HMBC, and NOESY) NMR

spectra were recorded in CDCl3 on a

Bruker AV 400 spectrometer using solvent

signals (CDCl3: dH 7.26/dC 77.0) as an

internal standard (Bruker Corporation,

Fallanden, Switzerland). HR-ESI-MS was

measured on a Waters Synapt G2 TOF

mass spectrometer (Waters Corporation,

Manchester, UK). Column chromatog-

raphies (CCs) were carried out on silica

gel (200–300 mesh; Marine Chemical

Group Corporation, Qingdao, China) and

ODS (60–80mm; YMC, Tokyo, Japan).

Silica gel GF254 (Marine Chemical Group

Corporation) was used for analytical TLC.

The analytical HPLC was performed on a

Shimadzu HPLC system equipped with a

LC-20AB pump, and a SPD-20A diode

array detector (Shimadzu, Kyoto, Japan),

using a Phenomenex Gemini C18 column

(5mm, 4.6mm £ 250mm; Phenomenex

Inc., Torrance, CA, USA). The semi-

preparative HPLC was performed on

Shimadzu LC-6AD system equipped with

an LC-6AD pump and an SPD-M20A

detector (Shimadzu), using a YMC Park

ODS-A column (5mm, 10mm £ 250mm

detector set at 220 and 254 nm).

3.2 Fungal material

The strain of T. flavus (No. BYD07-13) was

isolated from a soil sample in Baiyangdian,

Hebei province, China. The fungal strain

was identified by one of the authors (X.-Z.

Liu) on the basis of the morphological

characters and gene sequence analyses. The

ITS, beta-tubulin, and calmodulin

sequences of the strain have been deposited

at GenBank as KF917583, KF917584, and

KF917585, respectively.

The fungal strain was cultured on

slants of potato dextrose agar at 258C for

5 days. Agar plugs were used to inoculate

four Erlenmeyer flasks (250ml), each

containing 100ml of potato dextrose

broth. Four flasks of the inoculated media

were incubated at 258C on a rotary shaker

at 200 rpm for 5 days to prepare the seed

culture. Fermentation was carried out in 22

Erlenmeyer flasks (500ml), each contain-

ing 70 g of rice. Distilled H2O (105ml)

was added to each flask, and the contents

were soaked overnight before autoclaving

at 1208C for 30min. After cooling to room

temperature, each flask was inoculated

with 5.0ml of the spore inoculum and

incubated at room temperature for 55 days.

3.3 Extraction and isolation

The fermented material was extracted

three times with EtOAc (3 £ 6.0 L), and

the organic solvent was evaporated to

dryness under vacuum to afford the crude

extract (46.2 g), which was dissolved in

90% v/v aqueous CH3OH (500ml) and

partitioned against an equal volume of

cyclohexane. The aqueous CH3OH layer

was evaporated to dryness under reduced

pressure to give an aqueous CH3OH

extract (w, 28.1 g), which was subjected

to ODS CC using a CH3OH–H2O gradient

elution (30:70, 50:50, 70:30, and 100:0, v/

v) to give four fractions (w1–w4).

Fraction w4 (3.74 g) was separated by

silica gel CC eluting with cyclohexane–

EtOAc (90:10, 80:20, 70:30, 60:40,

0:100, v/v) to afford five subfractions

(w4a–w4e). Subfraction w4a (55mg) was

further purified by semi-preparative HPLC

J.-W. He et al.1032
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(70% CH3OH–H2O, 3.0ml/min) to obtain

1 (17.5mg, tR: 16.7min).

3.3.1 Talaflavuterpenoid A (1)

Colorless crystals (CH3OH); a
20
D 2 57.0 (c

0.5, CH3OH); UV (CH3OH) lmax (log1):
202 (2.65), 241 (2.86), 276 (2.59) nm; IR

(KBr): 2940, 2873, 1667, 1631, 1611, 1457,

1382, 1275, 837, 801 cm21; CD (c 2.13

£ 1024 M, CH3OH): D1204nm þ 4.59,

D1240nm 224.1, D1367nm 20.84. For 1H

and 13C NMR spectroscopic data, see

Table 1. HR-ESI-MS: m/z 233.1535

[M þ H]þ (calcd for C15H21O2, 233.1542).

3.3.2 X-ray crystallographic data of 1

Upon crystallization from CH3OH using

the vapor diffusion method, needles of 1

were obtained. Data were collected using a

Sapphire CCD with a graphite-monochro-

mated Cu Ka radiation, l ¼ 1.54184 Å at

173.01(10) K. Crystal data: C15H20O2,

M ¼ 232.31, space group orthorhombic,

P212121; unit cell dimensions were deter-

mined to be a ¼ 7.5035(2) Å, b ¼ 11.8931

(4) Å, c ¼ 14.1616(4) Å, a ¼ 90.008,
b ¼ 90.008, g ¼ 90.008, V ¼ 1263.77

(6) Å3, Z ¼ 4, Dx ¼ 1.221 g/cm3, F

(000) ¼ 504, m(Cu Ka) ¼ 0.623mm21.

A total of 9728 reflections were collected

until umax ¼ 60.798, in which independent

unique 1826 reflections were observed

[F 2 . 4s(F 2)]. The structure was solved

by direct methods using the SHELXS-97

program, and refined by the program

SHELXL-97 and full-matrix least-squares

calculations [24]. In the structure refine-

ments, nonhydrogen atoms were placed on

the geometrically ideal positions by the

“ride on” method. Hydrogen atoms bonded

to oxygen were located by the structure

factors with isotropic temperature factors.

The final refinement gave R ¼ 0.0282,

RW ¼ 0.0733, S ¼ 1.077, and Flack ¼ 0.2

(2). Crystallographic data for 1 have been

deposited in the Cambridge Crystallo-

graphic Data Centre with the deposition

number of CCDC 1009617.

3.4 Cytotoxic assay

Cytotoxic activity was tested against five

human cell lines (HL-60, SMMC-7721, A-

549, MCF-7, and SW480) using the MTT

method as described in our previous paper

[11]. Cisplatin and paclitaxel (Sigma,

St. Louis, MO, USA) was used as the

positive controls.

3.5 Antimicrobial assay

The antimicrobial activity againstE. coli,S.

aureus, C. albicans, and A. niger was

evaluated by an agar dilution method [25].

The tested strains were cultivated on MH

agar plates for bacteria at 358C. Compound

1 and positive control (tobramycin) were

dissolved in DMSO at different concen-

trations from 1000 to 0.25mg ml21 by the

continuous twofold dilution methods. A

10ml quantity of test solutionwas absorbed
by a paper disk (5mmdiameter) and placed

on the assay plates. After 20 h incubation,

zones of inhibition (mm in diameter) were

recorded. The MICs were defined as the

lowest concentration at which no microbial

growth could be observed.
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