
Abstract Two new compounds, 4-(hydroxymethyl)-5-
hydroxy-2H-pyran-2-one (1) and (5-hydroxy-2-oxo-2H-
pyran-4-yl) methyl acetate (2), have been isolated from a
marine-derived fungus Aspergillus flavus. Their structures
were determined by spectroscopic data. Compound 1
induced the production of cAMP on GPR12 transfected
CHO and HEK293 cells in a dose-dependent manner,
which indicated 1 might be a possible ligand for GPR12.

Keywords marine-derived fungus, Aspergillus flavus, 5-
hydroxy-2-pyrone, cAMP, GPR12

Introduction

2-Pyrone is a six-membered cyclic unsaturated ester, which
is highly abundant in bacteria, microbial, plant, insect and
animal systems and takes part in many different types 
of biological processes such as defence against other
organisms, as key biosynthetic intermediates, and as
metabolites [1]. A wide range of bioactivities such as plant
growth-regulating [2, 3], antitumour [4, 5], antimicrobial
and antifungal activities [6, 7] have demonstrated the
medicinal importance of 2-pyrones. In our search for new
bioactive compounds from the marine-derived fungus
Aspergillus flavus c-f-3 separated from a marine algae
sample collected in Putian Pinghai, China, two new 5-
hydroxy-2-pyrone derivatives (1, 2) were isolated. The
biological activities of 1 and 2 were tested using cAMP

assay in GPR12 transfected CHO and HEK293 cells. In
this paper we described the isolation and structure
elucidation of 1 and 2 (Fig. 1) as well as their bioactivities.

Materials and Methods

Microorganism
The Aspergillus flavus c-f-3 was separated from a marine
algae Enteromorpha tubulosa, collected at Putian Pinghai,
China, in August, 2005, using dilution-plate method [8] on
PDA medium [9]. It was identified according to its
morphological characteristic by Prof. Hong Kui (the
Chinese Academy of Tropical Agricultural Sciences,
Hainan, China). Working stocks were prepared on Potato
Dextrose agar slants stored at 4°C.
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Fig. 1 Structures of compounds 4-(hydroxymethyl)-5-
hydroxy-2H-pyran-2-one (1) and (5-hydroxy-2-oxo-2H-pyran-
4-yl) methyl acetate (2).



Fermentation
A small spoon of spores growing on potato dextrose agar
slant was inoculated into a 500 ml conical flask containing
150 ml of the liquid medium composed of glucose (1.0%),
maltose (2.0%), and yeast extract (0.3%), mannitol 
(2.0%), monosodium glutamate (1.0%), KH2PO4 (0.05%),
MgSO4·7H2O (0.03%), corn plasm (0.1%) and artificial
seawater after adjusting its pH to 6.5, and cultured at 28°C
for three days on a rotary shaker at 165 rpm. Then 10 ml of
the resultant seed culture was inoculated into 500 ml
conical flask each containing 150 ml of the above culture
medium and incubated at 28°C for seven days on a rotary
shaker at 165 rpm.

Extraction and Isolation
The culture whole broth (30 liters) was filtered through
cheesecloth to separate into supernatant and mycelia. The
supernatant (26 liters) was extracted with ethyl acetate
(3�30 liters), while the mycelia were extracted with 70%
acetone-aqueous (3�4 liters). The acetone solution was
concentrated under reduced pressure to afford an aqueous
solution, which was extracted with ethyl acetate (3�3
liters). Both ethyl acetate solutions were combined and
concentrated under reduced pressure to give a crude extract
(30.2 g).

The crude extract was separated into eight fractions on a
silica gel (300�400 mesh) column using a step gradient
elution of CHCl3 - MeOH (100% - 50%). The sixth fraction
of 5.0% MeOH, was chromatographed on a Sephadex LH-
20 column with 50% CHCl3/MeOH. Every 100 ml eluent 
were collected and combined into four fractions based 
on TLC properties. The third fraction (1.7 g) was
rechromatographed on a column of reverse silica gel
(RP18, 40�60 mm, Merck) with H2O/MeOH gradient
system and the 100% H2O eluate, containing the mixture 
of 1 and 2, which showed red color when sprayed
chromatoplate with FeCl3 alcohol solution, was further
purified by semipreparative HPLC using an ODS column
[YMC-pack ODS (A), 10�250 mm, 5 mm, 4 ml/minute,
40% MeOH/H2O] to give 1 (1.1 g) and 2 (9.7 mg).

Biological Assays
Plasmid Construction
Full-length cDNA of human GPR12 was amplified by 
PCR from pCMV6-XL4-GPR12 vector (a gift from Dr.
Cecilia Jiang, Genomics Institute of Novartis Research
Foundation, San Diego, USA) using the gene-specific
primers 5�-GGGGTACCATGAATGAAGACCTGAAGG-
TC-3� and 5�-CCGCTCGAGCTACACATCACTGGGCG-
AG-3� for expression. The GPR12 PCR product was
transferred into the KpnI-XhoI sites of the vector Myc-

pcDNA3.1 (�) (also a gift from Dr. Cecilia Jiang) and
sequenced to ensure correct insertion and sequence.

Cell Culture, Transfection and Subclone Selection
Chinese Hamster Ovary cells (CHO-K1, preserved in 
our lab) were cultured in RPMI Medium 1640 (with 
L-glutamine, without sodium bicarbonate, GIBCO)
supplemented with 10% fetal bovine serum (FBS, PAA),
penicillin/streptomycin (10,000 IU/ml - 10,000 ug/ml, PAA)
and 400 ug/ml G418 (Calbiochem), pH 7.2, in a humidified
5.0% CO2 incubator. Transfections were performed by
using LipofectamineTM 2000 (invitrogen) as directed by the
manufacturer for a 12-well plate, 2.0 mg of pcDNA3.1-myc
-GPR12 vector and 3.0 m l lipofectamineTM 2000 reagent
were used. 48 hours after the transfection, 750 mg/ml G418
(Calbiochem) was added, and stable single clones were
obtained by macrography selection using gradient dilution
in 96-well plate. These clones were expanded in growth
medium with G418 (500 mg/ml).

Cell Based cAMP Assay
PcDNA3.1-GPR12-transfected CHO (GPR12-CHO)
subclone and PcDNA3.1-transfected CHO (vector-CHO)
were cultured in 384-well plates for 24 hours. Both cells
were treated with drugs for 30 minutes at room temperature
and measured by Htrf cAMP dynamic bulk kit which is
intended for direct quantitative determination of cyclic
AMP. Fluorescence was detected at 620 and 665 nm using
Analyst HT (Molecular Devices).

Data Evaluation and Statistic Analysis
The sigmaplot (Systat Software Inc, USA) was used for
curve fitting; the t test was applied to evaluate statistical
significance.

Results and Discussion

Physico-chemical Properties
Compound 1: colorless crystal (MeOH); mp 138�140°C;
HRESI-MS m/z 141.0183 for [M�H]� (calcd. for C6H5O4,
141.0188); IR (KBr) nmax 3258, 3176, 1615, 1460,
1283 cm�1; UV (MeOH): lmax nm (log e ) 213 (4.75), 
273 (3.91); 1H- and 13C-NMR (DMSO-d6, 600 MHz and
150 MHz) see Table 1.

Compound 2: amber amorphous solid; mp 118�120°C;
HRESI-MS m/z 207.0264 for [M�Na]� (calcd. for
C8H8O5Na, 207.0269); UV (MeOH): lmax nm (log e ) 217
(4.63), 269 (4.35); 1H- and 13C-NMR (DMSO-d6, 600 MHz
and 150 MHz) see Table 1.
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Structure Determination
Compound 1 was obtained as a colorless crystal. High-
resolution ESI-MS revealed a molecular ion peak at m/z
141.0183 for [M�H]� (calcd. 141.0188) corresponding
with the molecular formula C6H6O4 and four degrees 
of unsaturation. The IR spectrum absorptions at 1615 and
3176 cm�1 indicated the presence of a carbonyl group 
and a hydroxyl functionality. The 13C- and DEPT NMR
spectra revealed the presence of one oxygenated aliphatic
methylene carbon (dC 59.5), two olefinic methine carbons
(dC 109.8, 139.2), one enolic carbon (dC 168.1), one
quaternary olefinic carbon (dC 145.7), and a carbonyl
carbon (dC 173.9). The above data indicated that 1
possessed a hydroxy-substituted 2-pyrone ring [10]. 1H-
and 13C-NMR data of 1 were similar to those of 5-hydroxy-
a -pyrone (except for the increase of one hydroxymethyl)
[11]. The presence of the 4-hydroxymethyl of 1 was
indicated by the 1H-NMR [4.29 (2H, s), 5.67 (1H, s)].
Additionally, HMBC correlations (Fig. 2) from dH 6.34
(1H, s, H-3) to C-2, C-4, C-5 and C-7, from dH 8.03 (1H, s,
H-6) to C-2, C-4 and C-5, from dH 4.29 (2H, s, H-7) to C-
3, C-5 established the structure of 1 as 4-(hydroxymethyl)-
5-hydroxy-2H-pyran-2-one.

Compound 2 was obtained as an amber amorphous solid.
High-resolution ESI-MS supported the molecular formula
C8H8O5 (m/z 207.0264 for [M�Na]�, calcd. 207.0269)
with five degrees of unsaturation. Comparison of the NMR
spectra of 1 and 2 indicated their close similarities. The
differences of them were the replacement of 7-OH (d 5.67)
in 1 by an acetyl group (dH 2.11, dC 169.8, 20.4) in 2. The
HMBC correlations (Fig. 2) from dH 2.11 (3H, s, H-10) to
C-9 (d 169.8, C), from dH 4.93 (2H, s, H-7) to C-3, C-5 (d

161.6), C-9 indicated an upfield shift of C-5 in 2 at
161.6 ppm compared to 168.1 ppm in 1 and the new acetyl
carbonyl in 2 at 169.8 ppm. These data established the
structure of 2 as (5-hydroxy-2-oxo-2H-pyran-4-yl) methyl
acetate.

Biological Activities
Compounds 1 and 2 were tested by cAMP assay [12] on
GPR12-transfected cells and their vector-transfected
controls, including Chinese hamster ovary cells (CHO) and
human embryonic kidney cells (HEK293). Our results (Fig.
3) showed 1 could promote a small but significant cAMP
increase in a dose-dependent manner on both GPR12-CHO
cells and GPR12-HEK293 cells, while no significant
difference on their vector controls, however, 2 didn’t show
any activity at the concentration of 100 mM.

The cytotoxicities of 1 and 2 were evaluated on HL-60
and A-549 cell lines by the MTT method [13], but neither
of them registered any cytotoxicity at the concentration of
100 mM.

247

Table 1 1H- and 13C-NMR , HMBC data for 4-(hydroxymethyl)-5-hydroxy-2H-pyran-2-one (1) and (5-hydroxy-2-oxo-2H-pyran-
4-yl) methyl acetate (2) (DMSO-d6, 600 and 150 MHz, TMS, d in ppm)

1 2

No.
dH (J in Hz) dC HMBC dH (J in Hz) dC HMBC

2 173.9 s 173.7 s
3 6.34 (1H, s) 109.8 d 2, 4, 5, 7 6.47 (1H, s) 112.5 d 2, 4, 5, 7
4 145.7 s 146.0 s
5 168.1 s 161.6 s
6 8.03 (1H, s) 139.2 d 2, 4, 5 8.09 (1H, s) 139.9 d 2, 4, 5
7 4.29 (2H, s) 59.5 t 3, 5 4.93 (2H, s) 61.3 t 3, 5, 9
9 169.8 s

10 2.11 (3H, s) 20.4 q 9
5-OH 9.07 (1H, s) 6 9.26 (1H, s)
7-OH 5.67 (1H, s)

Fig. 2 Key HMBC correlations for 1 and 2.



Discussion

G protein-coupled receptors (GPCRs) have been a
productive and useful target for the pharmaceutical industry
and recently some of these receptors seem to be potent
targets of an estimated 45% of marketed drugs [14].
Therefore, the uncharacterized orphan GPCRs can be
expected to represent possible novel therapeutic targets in
the future [15]. The GPR12 homologue was initially cloned
from rat pituitary gland [16] and human GPR12 was 
cloned in 1995 [17]. The latest studies show that GPR12
together with GPR3 and GPR6 are highly expressed in the
central nervous system and their expression in neurons
results in constitutive stimulation of cAMP production,
stimulates neurite outgrowth, and counteracts myelin
inhibition, indicating that GPR12 can be significant
molecular target for treating a variety of neurological
disorders, including brain and spinal cord injuries, stroke,
and neurodegenerative disorders [18].

Early in 2002, Uhlenbrock et al. reported sphingosine-
1-phosphate (S1p) was possibly a ligand for GPR12 
[12]. And several months later, Ignatov et al. reported
sphingosyl-phosphorylcholine (SPC) was a much higher-
affinity ligand than S1p for GPR12 [19]. We for the first

time reported the 2-pyrone derivative might be a possible
ligand for GPR12. The much more inductive effect 
of 1 than 2 indicates that 7-OH moiety plays an 
important role in the structure-activity relationship. Further
pharmacological analysis should be performed to determine
whether the compound could be specific agonist for
GPR12.
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