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Abstract Endophytic fungi are ubiquitous in the plant

kingdom and they produce a variety of secondary metab-

olites to protect plant communities and to show some

potential for human use. However, secondary metabolites

produced by endophytic fungi in the medicinal plant Cur-

cuma wenyujin are sparsely explored and characterized.

The aim of this study was to characterize the secondary

metabolites of an active endophytic fungus. M7226, the

mutant counterpart of endophytic fungus EZG0807 previ-

ously isolated from the root of C. wenyujin, was as a target

strain. After fermentation, the secondary metabolites were

purified using a series of purification methods including

thin layer chromatography, column chromatography with

silica, ODS-C18, Sephadex LH-20, and macroporous resin,

and were analyzed using multiple pieces of data (UV, IR,

MS, and NMR). Five compounds were isolated and iden-

tified as curcumin, cinnamic acid, 1,4-dihydroxyanthra-

quinone, gibberellic acid, and kaempferol. Interestingly,

curcumin, one of the main active ingredients of C. wenyujin,

was isolated as a secondary metabolite from a fungal

endophyte for the first time.

Introduction

Curcuma wenyujin Y.H.Chen and C.Ling is a well-known

species used in traditional Chinese medicine [10]. It

synthesizes an array of volatile compounds including cur-

cumin, curcumol, b-elemene, curzerene, and curzerenone

that have special pharmacological effects on bacterial

infections, cervical cancer, and acesodyne, which make C.

wenyujin a highly valuable Chinese traditional medicinal

plant [3, 25]. In 2005, the oil of this plant was regarded as

antitumor and antibacterial drug by the State Pharmaco-

poeia Commission [11].

Endophytic fungi are microorganisms that colonize the

tissues of healthy plants without causing apparent harm.

They are important in plant growth and development in

keeping their ability of secondary metabolite production

and their ability to colonize all types of host tissues and

organs [12]. In addition, medicinal plants are recognized as

a repository of fungal endophytes with active metabolites

of pharmaceutical importance [17]. Earlier studies reported

that endophytic fungi in Chinese traditional plants are

potential sources for the production of antimicrobial,

antitumoural ,and other bioactive secondary metabolites

[27]. Interestingly, it has been reported that fungal endo-

phytes might synthesize metabolites similar to or even

more active than those produced by their hosts [15].

Therefore, studying secondary metabolites produced by C.

wenyujin endophytes will not only aid in the search for

useful compounds, but also play an important role in pro-

tection of medicinal plant resources.

We previously screened a bioactive strain M7226, the

mutant counterpart of endophytic fungus EZG0807 isolated

from the root of C. wenyujin, characterized its rDNA

sequence of this mutant using molecular techniques and

deposited this sequence to the GenBank with the accession

number JQ003920 [22]. This characterized endophytic

fungal mutant was later identified as Gibberella fujikuroi

(Sawada) Wollenw (Fusarium moniliforme) and was found

to synthesize secondary metabolites producing a broad
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spectrum of antibacterial activities. The secondary metab-

olites produced by fungal endophytes in C. wenyujin are

sparsely explored and this study was aimed to characterize

the secondary metabolites produced by M7226.

Materials and Methods

Fermentation, Extraction, and Compounds Isolation

M7226 was grown on PDA at 28 �C for 3 days. Then three

pieces (5 9 5 mm2) of mycelial agar plugs were inoculated

in Czapek medium (3.0 g/l NaNO3, 1.0 g/l K2HPO4, 0.5 g/l

MgSO4�7H2O, 0.5 g/l KCl, 0.01 g/l FeSO4�7H2O, 30 g/l

sucrose) at 28 �C in a shaker at 160 rpm for 10 days. The

harvested broth culture was centrifuged at 12, 000 rpm for

15 min to separate supernatant and mycelia. The mycelia

were extracted with acetone for 3 days and the extract was

combined with the supernatant. The final solution was suc-

cessively extracted with petroleum ether, chloroform, ethyl

acetate, and n-butanol. Extracts with antibacterial activity

were further purified by a series of separation chromatog-

raphy methods including thin layer chromatography, column

chromatography with silica, ODS-C18, Sephadex LH-20,

and macroporous resin (Fig. 1).

Antibacterial Assay

Antimicrobial assays were performed in vitro using the

disk diffusion method following the procedure of Gaudreau

and Gilbert [4] against Escherichia coli Migula

(ATCC25922), Proteus vulgaris Hauser (ATCC3851),

Bacillus subtilis Ehrenberg (ATCC6633), and Staphylo-

coccus aureus Rosenbach (ATCC25923). The assay was

performed in triplicate, and results were expressed as

mean ± SD. Statistic analysis was carried out by one-

factor variance analysis with the Data Processing System

software (DPS 7.05).

Structure Elucidation

Ultraviolet (UV) absorption spectra were measured on an

Ultrospec 4300 pro spectrophotometer (Amersham Bio-

sciences). Infrared spectra (IR) were recorded on an IR

Prestige-21 spectrometer (Shimadzu Japan). Mass spectra

were carried out using a mass spectrometer ESI–MS
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Fig. 1 Isolation workflow of secondary metabolites from mutant M7226
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(Thermo–Finnigan). Nuclear magnetic resonance (NMR)

spectra were acquired in Bruker Avance spectrometers

(Bruker), working at 500 MHz for 1H and 125 MHz for
13C.

Results

After fermentation of M7226 for 10 days, a total of 45 l

fungi-free culture supernatants were harvested and extrac-

ted with petroleum ether, chloroform, ethyl acetate, and

n-butanol, respectively. The extract obtained with the

culture medium (blank) was assessed in antibacterial

assays and did not present any significant activity. The

chloroform and n-butanol extracts showed overt antibac-

terial activity; while extracts obtained with petroleum ether

and ethyl acetate were inactive. Therefore, the crude

chloroform extract (5.213 g) was separated by silica col-

umn chromatography (100–200 mesh), eluting with a

chloroform–methanol gradient (1:0, 99:1, 95:5, 9:1, 4:1,

0:1) to yield five fractions (A, B, C, D, E). Fractions A, C,

and E were of no interest according to TLC data. Fraction

B (327 mg) was further purified on silica gel using chlo-

roform–methanol mixtures of increasing polarity (200:1,

100:1, 50:1, 20:1, 10:1), followed by gel filtration on a

Sephadex LH-20 to yield compounds 1 (12.6 mg) and 2

(15.1 mg). Repeated chromatography on fraction D on

silica gel (200–300 mesh; CHCl3/MeOH 100:1?10:1)

followed by pre-coated TLC using CHCl3/MeOH (1:1)

were used to isolate compound 3 (17.0 mg).

Concentration of the n-butanol extract under reduced

pressure resulted in a brown residue (17.0 g), which was

dissolved in H2O and insoluble substances were discarded.

The hydro-soluble fraction (15.8 g) was subjected to col-

umn chromatography over the macroporous resin D101,

eluting with a gradient of H2O 30, 50, 70, and 95 % eth-

anol. After the eluate obtained with 30 % ethanol was

concentrated, the sample was submitted to gel filtration on

Sephadex LH-20 with MeOH–H2O as eluent, followed by

separation on ODS-C18 column (12 nm S-50 lm; MeOH/

H2O) to yield compound 4 (23.4 mg). Repeated chroma-

tography of the eluate obtained with 50 % ethanol on ODS-

C18 column (MeOH/H2O 100:1?10:1) followed by gel

filtration on Sephadex LH-20 with MeOH/H2O (1:1) as

mobile phase resulted in compound 5 (11.3 mg). The

schematic diagram of compound isolation is shown in

Fig. 1.

The structures of these compounds were elucidated by

UV, IR, MS, 1H, and 13C NMR spectrometry and are

shown in Fig. 2. Compound 1 was isolated as orange

powder, which was soluble in methanol, ethanol, and

chloroform. It showed a maximum UV absorption bands at

421 nm in ethanol. The stretching vibrations at 3,300,

1,641, and 1,519 cm-1, characteristic absorption peaks of

curcumin, were observed in compound 1’s IR spectrum

[18]. The NMR spectroscopic data were: 1H NMR

(500 MHz, DMSO-d6) d 3.83 (6H, s, –OCH3), 6.08 (2H, s,

–CH2–), 6.77 (2H, d, J = 15.8 Hz, CO–CH=), 6.82 (2H,

dd, J = 7.5, 6.5 Hz, Ar–H 50), 7.16 (2H, d, J = 8.3 Hz,

Ar–H 60), 7.31 (2H, d, J = 1.7 Hz, Ar–H 20), 7.56 (2H, m,

Ar–CH=); 13C NMR (125 MHz, DMSO-d6) d 55.16,

100.39, 110.77, 115.40, 120.55, 122.59, 125.81, 139.84,

147.47, 148.80, and 182.67 ppm. These properties were

compared with the Spectral Database for Organic Com-

pounds (SDBS) available at the website (http://sdbs.db.aist.

go.jp/sdbs/cgi-bin/cre_index.cgilang=eng) and compound

1 was identified as curcumin.

Compound 2 was a white solid, soluble in methanol,

ethanol, and chloroform. It exhibited two UV absorption

peaks at 222 and 261 nm in ethanol. The O–H, C=O, C=C,

C–H bond, and the benzene skeletal vibration were observed

at 3,300–2,500, 1,700–1,660, 1,680–1620, 770–680, and

1,600–1,450 cm-1, respectively, in its IR spectrum. Its ESI–

MS showed a strong peak at m/z 147 [M-H], indicating a

molecular formula of C9H8O2 and a molecular weight of 148,

taking into account the above characteristics. The NMR

spectroscopic data were: 1H NMR (500 MHz, CDCl3) d 7.85

(d, J = 16 Hz, 1H, H-3), 7.59 (d, J = 3 Hz, 2H, H-20, 60),
7.44 (m, 3H, H-30, 40, 50), 6.50 (d, J = 16 Hz, 1H, H-2); 13C

NMR (125 MHz, CDCl3) d 171.40 (C–1), 146.12 (C–3),

133.08 (C–10), 129.76 (C–40), 127.98 (C–30, 50), 127.39

(C–20, 60) and 116.33 (C–2). These properties suggested

compound 2 to be cinnamic acid, according to previous data

[20] and the SDBS Database.

Compound 3, isolated as orange solid, was soluble in

methanol, ethanol ,and chloroform. It exhibited UV

absorption peaks in ethanol at 206.4, 225.1, 248.6, 278.7

,and 473.6 nm. The aromatic ring absorption was found at

1,587 cm-1 in the IR spectrum. The NMR spectroscopic

data were: 1H NMR (500 MHz, CDCl3) d 12.89 (s, 1H,

–OH), 8.35 (d, J = 6 Hz, 1H, H-5, 8), 7.85 (d, J = 6 Hz,

1H, H-6, 7), 7.31 (s, 1H, H-2, 3); 13C NMR (125 MHz,

CDCl3) d 185.87 (C–9, 10), 156.80 (C–1, 4), 133.48 (C–6,

7), 132.44 (C–11, 12), 128.35 (C–2, 3), 126.03 (C–5, 8),

111.74 (C–13, 14). The above characteristics indicated that

compound 3 had a symmetrical structure. These data were

in accordance with the properties of 1,4-dihydroxyanthra-

quinone in the SDBS spectral database.

Compound 4 displayed a molecular weight of 346 as

revealed by the ESI–MS m/z 345 [M-H]. It was isolated as

white solid and dissolved easily in methanol and ethanol,

but hardly in chloroform. Compound 4 exhibited UV

absorption peaks in ethanol at 217 and 253 nm. The NMR

spectroscopic data were: 1H NMR (500 MHz, DMSO-d6) d
6.33 (1H, d, J = 9.5 Hz, –CH=), 5.80 (1H, dd, J = 9.5 Hz,

–CH=), 5.60 (1H, s, –OH), 5.12 (1H, s, =CH2), 4.86 (1H, s,
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–OH), 4.85 (1H, s, =CH2), 3.87 (1H, s), 3.08 (1H, d,

J = 11 Hz, –CH–CO), 2.50 (1H, d, J = 11 Hz), 2.20 (2H,

m, –CH2–), 2.11 (1H, m, –CH2–), 1.92 (1H, m, –CH2–),

1.87 (2H, m, –CH2–), 1.73 (2H, m, –CH2–), 1.63 (1H, m,

–CH2–), 1.07 (3H, s, –CH3); 13C NMR (125 MHz, DMSO-

d6) d 178.22 (C-1), 172.61 (C-2), 157.07 (C-3), 132.73

(C-4), 130.95 (C-5), 105.74 (C-6), 90.05 (C-7), 76.09

(C-8), 67.91 (C-9), 52.56 (C-10), 51.59 (C-11), 50.31

(C-12), 49.90 (C-13), 48.88 (C-14), 43.76 (C-15), 42.19

(C-16), 16.01 (C-17), 13.96 (C-18). These properties were

in good accordance with gibberellic acid properties found

in the SDBS spectral database.

Compound 5, a yellow powder, was easily dissolved in

methanol and ethanol, but hardly in chloroform and water.

It showed UV absorption peaks in ethanol at 210, 267, and

363 nm. The hydroxyl and carboxyl absorption bands on

IR spectrum were found at 3,139 and 1,656 cm-1,

respectively, while a benzene ring absorption band was

observed at 1,505 and 1,439 cm-1. The deduced chemical

formula for compound 5 was C15H10O6, taking into

account the ESI–MS peak at m/z 285 [M-H]. The NMR

spectroscopic data were: 1H NMR (500 MHz, DMSO-d6) d
12.47 (s, 1H, –OH), 8.04 (d, J = 9.0 Hz, 2H, H-20, 60), 6.93

(d, J = 9.0 Hz, 2H, H-30, 50), 6.44 (d, J = 2.0 Hz, 1H,

H-8), 6.19 (d, J = 2.0 Hz, 1H, H-6); 13C NMR (125 MHz,

DMSO-d6) d 146.30 (C-2), 135.10 (C-3), 175.35 (C-4),

155.66 (C-5), 97.68 (C-6), 163.35 (C-7), 92.97 (C-8),

160.16 (C-9), 102.51 (C-10), 121.14 (C-10), 128.97 (C-20,
60), 114.91 (C-30, 50), 158.63 (C-40). Comparing these

characteristics with reference data [26], compound 5 was

identified as kaempferol.

Discussion

Curcumin (1), one of the active ingredients of C. wenyujin,

was purified from M7226 fermentation, similar to a report

by Xuan et al. [21] who isolated two endophytic fungi

producing b-elemene, another bioactive component of C.

wenyujin, from Curcuma zedoaria. Interestingly, it was

isolated as secondary metabolite from an endophyte for the

first time. This finding indicated that endophytic fungi can

produce the same products as their host, which would not

only reduce the need to harvest slow-growing and rare

plants but also preserve the world’s ever-diminishing

biodiversity.

Cinnamic acid (2), previously isolated from endophytic

fungi of long-grain rice (Oryza sativa) [1] and the medic-

inal plant Melia azedarach [23], has demonstrated anti-

oxidant and antibacterial activities, with a particularly

strong inhibition activity on E. coli [19].

Anthraquinones are common secondary metabolites in

endophytes fermentation broths [5] and display diverse

biological effects, including antibacterial and antitumor

activities [2, 9]. Herein, 1,4-dihydroxyanthraquinone (3)

was purified. This compound was used as a lead molecule

for the design of novel anticancer drugs [8] and exhibited

strong growth-inhibition against Clostridium perfringens

ATCC13124 [16].

The presence of gibberellic acid (4), important auxin

regulating plant physiological processes, in C. wenyujin,

could be linked with regulation of plant growth, provision

of host plant benefits and synthesis of bioactive metabolites

similar as that of host plants [14, 15].
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The flavone kaempferol (5), another known metabolite

previously isolated from endophytic fungi of long-grain

rice (O. sativa) [1], is a markedly active inhibitor of tran-

scriptional activation of COX-2 and showed tyrosinase

inhibitory activities, as well as antifungal, anticancer ,and

antioxidant activities [7, 24]. Further research is needed to

identify the mechanisms by which endophytic fungi syn-

thesize these bioactive molecules [6].

In conclusion, characterization of secondary metabolites

of endophytic fungal mutant, M7226 revealed five com-

pounds viz. curcumin, cinnamic acid, 1,4-dihydroxyan-

thraquinone, gibberellic acid, and kaempferol as important

secondary metabolites. These findings suggest that fungal

endophytes in C. wenyujin may be potential sources of

natural products for exploitation in medicine, agriculture,

and industry. Furthermore, it is recognized that microbial

sources of valued products may be easier and more eco-

nomical to produce, effectively reducing their market price.

Therefore, we should pay more attention to exploration and

utilization of microbial resources, or investment into the

microbial Biological Resource Centers [13].
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