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Abstract  A pregnane steroid, 3α-hydroxy-pregn-7-ene-6,20-dione (1), was isolated from a Hydractinia-
associated Cladosporium sphaerospermum SW67 by repetitive column chromatographic separation and high-
performance liquid chromatography (HPLC) purification. The planar structure of 1 was elucidated from the
analysis of the spectroscopic data (1D and 2D NMR spectra) and LC-MS data. The absolute configuration of 1
was determined by interpretation of ROESY spectrum of 1, together with the comparison of reported
spectroscopic values in previous studies. To the best of our knowledge, this is the first report of the identification
of the pregnane scaffold from C. sphaerospermum, a natural source. Compound 1 was evaluated for its effects on
lipid metabolism and adipogenesis during adipocyte maturation and showed that compound 1 substantially
inhibited lipid accumulation compared to the control. Consistently, the expression of the adipocyte marker gene
(Adipsin) was reduced upon incubation with 1. Further, we evaluated the effects of 1 on lipid metabolism by
measuring the transcription of lipolytic and lipogenic genes. The expression of the lipolytic gene ATGL was
significantly elevated upon exposure to 1 during adipogenesis, whereas the expression of lipogenic genes FASN
and SREBP1 was significantly reduced upon treatment with 1. Thus, our findings provide experimental evidence
that the steroid derived from Hydractinia-associated C. sphaerospermum SW67 is a potential therapeutic agent
for obesity.
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Introduction

Organism-associated microbes have been recognized as

a potential source of natural materials to provide

structurally and biologically novel secondary metabolites,

including antibiotic, anticancer, and immunomodulatory

compounds.1-3 In the above relationships, secondary

metabolites play pivotal roles in the survival and defense

of organism-associated microbes. Several research groups

have reported interesting secondary metabolites from

organism-associated microbes, including a chlorinated

indole derivative, streptochlorin, from insect-associated

Streptomyces;4 penicillinolide A, a 10-membered lactone

from Bryozoa-associated Penicillium sp.;5 and bacillaene

A from termite-associated Bacillus strain.6 

In our ongoing efforts to discover structurally and

biologically new metabolites from various natural

sources,7-10 we recently investigated the marine fungus

Cladosporium sphaerospermum sp. SW67, which was

acquired from the polyp surface of the marine invertebrate

Hydractinia echinata (Cnidaria). In a recent study, we

performed co-culture assays and comparative metabolomics

investigations on the Hydractinia-associated C. sphaeros-

permum SW67 and examined its metabolites; these

experiments led to the purification and structural identifi-

cation of novel spirocyclic natural products containing a

tetramic acid (cladosporicin A and cladosporiumins I and

J)11 and a new hybrid polyketide (cladosin L) biosynthesized

by a hybrid PKS-NRPS gene.12 Owing to these promising

results, we further investigated the chemical metabolites

derived from C. sphaerospermum sp. SW67 in this

current study. The column chromatographic separation of

its MeOH extract and HPLC purification by the aid of

LC-MS-guided analysis afforded the isolation of one

pregnane steroid, 3α-hydroxy-pregn-7-ene-6,20-dione (1).

The chemical structure of 1 was unambiguously elucidated
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by analyzing the 1D and 2D NMR spectroscopic data as

well as LC-MS data. To the best of our knowledge, this is

the first identification of a pregnane scaffold from C.

sphaerospermum. Herein, we have described the isolation

and structural characterization of the pregnane steroid (1)

(Fig. 1) and the evaluation of its effects on de novo

adipogenesis and lipid metabolism in adipocytes. 

Experimental

General experimental procedures  Optical rotations

were obtained using a Jasco P-1020 polarimeter (Jasco,

Easton, MD, USA). NMR spectra were obtained using a

Varian UNITY INOVA 800 NMR spectrometer operating

at 800 MHz (1H) and 200 MHz (13C), with chemical shifts

given in ppm (δ). Preparative high-performance liquid

chromatography (HPLC) utilized a Waters 1525 Binary

HPLC pump with a Waters 996 Photodiode Array Detector

(Waters Corporation, Milford, CT, USA). Semi-preparative

HPLC used a Shimadzu Prominence HPLC System with

SPD-20A/20AV Series Prominence HPLC UV-Vis Detectors

(Shimadzu, Tokyo, Japan). LC-MS analysis was conducted

on an Agilent 1200 Series HPLC system (Agilent

Technologies, Santa Clara, CA, USA) equipped with a

diode array detector and a 6130 Series ESI mass

spectrometer using an analytical Kinetex (4.6 × 100 mm,

3.5 μm). Merck precoated silica gel F254 plates and RP-

18 F254s plates were used for thin layer chromatography

(TLC). The chromatographic spots were detected under

UV light or by heating after spraying with anisaldehyde-

sulfuric acid.

Fungus material  The fungus was acquired as

previously described.11 In brief, polyps of H. echinata

(Alfred Wegener Institute, Sylt, Germany) were aseptically

homogenized, diluted with sterile filtered seawater, and

plated onto potato dextrose agar (PDA) plates. The plates

were incubated for 1–3 weeks at room temperature, and

colonies showing fungal morphology were selected. The

isolate SW67 was identified as C. sphaerospermum based

on the analysis of the internal transcribed spacer (ITS)

gene sequence.11

Extraction and isolation  The detailed extraction

procedure of C. sphaerospermum was described pre-

viously.11,12 Briefly, the PDA plates were extracted with

100% MeOH overnight. The MeOH solvent was filtered

and evaporated in vacuo to afford a crude MeOH extract

(6 g). The extract was dissolved in distilled water (700

mL) and subsequently solvent partitioned with EtOAc

(700 mL), yielding 0.25 g of an EtOAc-soluble fraction.

To discover structurally interesting compounds, LC-MS

analysis was performed on the EtOAc-soluble fraction.

The EtOAc-soluble fraction harbored a nonpolar com-

pound with simple UV patterns at 230–260 nm, and the

molecular ion peak [M + H]+ was observed at m/z 331.2,

indicating that the plausible compound was a steroid or

terpenoid. The EtOAc-soluble fraction was separated by

preparative reversed-phase HPLC (Phenomenex Luna C18,

250 × 21.2 mm i.d., 5 μm) using CH3CN-H2O (1:9−3:2,

v/v, gradient system, flow rate: 5 mL/min) to afford six

subfractions (A−F). Compound 1 (2.5 mg, tR = 34.0 min)

was purified from subfraction F (10.5 mg) using semi-

preparative reversed-phase HPLC (Phenomenex Luna

C18, 250 × 10.0 mm i.d., 5 μm) with an isocratic solvent

system of 23% CH3CN at a flow rate of 2 mL/min. 

3α-Hydroxy-pregn-7-ene-6,20-dione (1)  A white

powder, : +18.1° (c 0.15, MeOH), ESI-MS m/z:

331.2 [M + H]+; UV (MeOH) λmax (log ε) 243 (3.6) nm;
1H (800 MHz) and 13C NMR (200 MHz), see Table 1.

3T3-L1 cell culture and adipogenic differentiation 

The mouse adipocyte-like cell line, 3T3-L1, was purchased

from the American Type Culture Collection (ATCC). The

cells were maintained in Dulbecco’s modified Eagle’s

medium (DMEM) supplemented with 10% bovine calf

serum (BCS) and 1% penicillin/streptomycin (P/S) at

37 oC in a 5% CO2 humidified incubator. Upon reaching

70%–80% confluency, the cells were allowed to differen-

tiate into adipocytes. To facilitate differentiation, the cells

were incubated in DMEM with 10% fetal bovine serum

(FBS), 1% P/S, and three well-established adipogenic

cocktails containing 0.5 mM 3-isobutyl-1-methylxanthine

(IBMX), 1 μM dexamethasone, and 10 μg/mL insulin (Day

0). After 2 days, the medium was replaced with DMEM

containing 10% FBS, 1% P/S, and 10 μg/mL insulin

every other day. To assess the effects of compound 1 on

adipogenesis, we treated cells with compound 1 at nontoxic

concentrations (0, 1.25, 2.5, 5, and 10 μM) during the

process of adipogenesis. On Day 8, we used Oil Red-O

staining to visualize the lipid droplets and harvested the

cells for RT-qPCR. 

Cell counting  3T3-L1 preadipocytes were cultured,

seeded in 6-well plates, and treated with compound 1 at

various concentrations (0, 2.5, 5, 10, 20, and 40 μM) for

24 h or 48 h. Cell viability was determined by counting

the cell using a hemocytometer. 

Oil Red O Staining Oil red O staining was performed

to visualize the lipid droplets in differentiated adipocytes.

After adipogenesis (Day 8), fully differentiated adipocytes

were fixed with 10% formaldehyde for 15 min and

washed with 60% isopropyl alcohol. The fixed cells were

stained with Oil Red O working solution for 1 h at room
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temperature, and then the cells were washed with

phosphate-buffered saline (PBS). The stained lipids were

observed and imaged using a Leica DMi1 inverted

microscope (Leica Microsystems Korea). To prepare the

Oil Red O stock solution, 300 mg of Oil Red O powder

was dissolved in 100 mL of 99% isopropyl alcohol. Next,

30 mL of the stock solution was diluted with 20 mL of

distilled water to prepare the Oil Red O working solution

just before use.

Reverse transcription and quantitative real-time

PCR (RT qPCR)  Total RNA was extracted using the

Easy-Blue reagent (Intron Biotechnology, Seongnam,

Korea) from the adipocytes. Then, 1 μg of total RNA with

oligo dT primers was reverse transcribed into cDNA

using the ImProm-II Reverse Transcription System

(Promega, Fitchburg, WI, USA). The cDNA was mixed

with KAPATM SYBR FAST qPCR (Kapa Biosystems,

Wilmington, MA, USA), and primers used for quantitative

real-time PCR (qPCR) are indicated below. The qPCR

reaction was performed using a CFX96TM or Chromo4

real-time PCR detector (Bio-Rad, Hercules, CA, USA).

Relative mRNA expression was quantified and normalized

to β-actin mRNA expression for each reaction.

Statistical analysis  The averages and error bars are

expressed as standard error of the mean (SEM) for n = 3

samples. The statistical significance of differences was

evaluated by Student’s t-test (two-tailed) using Excel and

was assessed based on the P-value (*P < 0.05; **P < 0.01;

***P < 0.001).

Results and Discussion

The LC-MS-guided chemical investigation of the

methanolic extract of C. sphaerospermum SW67 using

sequential column chromatography with preparative and

semi-preparative HPLC purification resulted in the

isolation of a pregnane steroid (1).13,14 

Compound 1 was purified as a white powder. The

molecular formula of 1 was established as C21H30O3 from

the molecular ion peak [M + H]+ at m/z 331.2 in the

positive-ion ESIMS and NMR data (Table 1). The 1H

NMR data of 1 were characterized by three methyl

protons at δH 0.57 (3H, s, H-18), 0.85 (3H, s, H-19), and

2.17 (3H, s, H-21), one hydroxylated methine at δH 4.11

(1H, m, H-3), and one olefinic proton at δH 5.68 (1H, s,

H-7). The 13C NMR data of 1, assigned by the aid of

HSQC and HMBC spectra, showed a total of 21

resonance signals attributable to three methyls (δC 13.4,

Gene Forward Reverse

β-Actin 5'-ACGGCCAGGTCATCACTATTG-3' 5'-TGGATGCCACAGGATTCCA-3'

Adipsin 5'-CATGCTCGGCCCTACATG-3' 5'-CACAGAGTCGTCATCCGTCAC-3'

SREBP1 5'-AACGTCACTTCCAGCTAGAC-3' 5'-CCACTAAGGTGCCTACAGAGC-3'

ATGL 5'-TTCACCATCCGCTTGTTGGAG-3' 5'-AGATGGTCACCCAATTTCCTC-3'

FASN 5'-TTGACGGCTCACACACCTAC-3 5'-CGATCTTCCAGGCTCTTCAG-3'

Table 1. 1H NMR (800 MHz) and 13C NMR (200 MHz) data of
compound 1 in MeOH-d4.

a

Position
1

δC
b δH (J in Hz)

1α 33.5 t 1.79 m

1β 1.56 m

2α 29.3 t 1.60 m

2β 1.66 m

3 66.8 d 4.11 m

4α 29.4 t 1.95 m

4β 1.64 m

5 50.5 d 2.73 dd (12.5, 4.0)

6 204.1 s

7 124.9 d 5.68 s

8 166.1 s

9 51.9 d 2.43 m

10 40.7 s

11α 23.3 t 1.96 m

11β 1.68 m

12α 39.5 t 2.20 m

12β 1.75 m

13 47.3 s

14 57.1 d 2.36 m

15α 24.6 t 1.78 m

15β 1.64 m

16α 24.3 t 2.21 m

16β 1.83 m

17 64.9 d 2.86 t (9.0)

18 14.8 q 0.57 s

19 13.4 q 0.85 s

20 212.2 s

21 32.3 q 2.17 s
a Coupling constants (in parentheses) are in Hz.; b 13C NMR data
were assigned based on HSQC and HMBC experiments.
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14.8, and 32.3), seven methylenes (δC 23.3, 24.3, 24.6,

29.3, 29.4, 33.5, and 39.5), six methines (δC 50.5, 51.9,

57.1, 64.9, 66.8, and 124.9), and five non-protonated

carbons (δC 40.7, 47.3, 166.1, 204.1, and 212.2). In the
1H-1H COSY spectrum, three spin systems were confirmed

from vicinal proton correlations (H2-1/H2-2/H-3/H2-4/H-5,

H-9/H2-11/H2-12, and H-14/H2-15/H2-16/H-17), as shown

in Fig. 1. Together with the above three spin systems, key

HMBC correlations of H3-19/C-1, H3-19/C-6, H3-19/C-9,

H3-19/C-10, H-7/C-6, H-7/C-5, H-7/C-8, H-7/C-9, H-7/C-

14, H3-18/C-12, H3-18/C-13, H3-18/C-14, H3-18/C-17,

H3-21/C-17, and H3-21/C-20 led to the confirmation of

the chemical structure of 1 as drawn in Fig. 1. 

The relative configuration of 1 was determined by the

interpretation of the ROESY spectrum (Fig. 2). In the

ROESY data, key correlations of H-1β/H-3β, H-1β/H3-19,

H3-19/H-11β, H-11β/H3-18, H3-18/H3-21, and H3-18/H-

16β afforded the β-orientations for H-3, H3-18, H3-19, and

H3-21. In addition, α-orientations of H-5, H-9, and H-14

were assigned on the basis of the ROESY correlations of

H-1α/H-5, H-5/H-9, H-9/H-14, and H-14/H-16α. The

absolute configuration of 1 was further elucidated to be

the same as those of the related analogs by comparing

with the reported chemical shifts, J-coupling constants,

and optical rotation value in previous studies.13,14 Accor-

dingly, the structure of 1 was characterized as 3α-

hydroxy-pregn-7-ene-6,20-dione.

Obesity is a complex health problem caused by the

interaction of multiple reasons: genetic, dietary, lifestyle,

and environmental factors.15 The expansion of adipose

tissue accompanies the differentiation of preadipocytes

residing in adipose tissues to mature adipocytes and the

generation and accumulation of lipid droplets in adipocytes.16

Thus, the identification of compounds preventing adi-

pogenesis and lipogenesis has been considered an

effective strategy for the alleviation of obesity and

metabolic diseases. To the best our knowledge, there are a

few reports regarding to the anti-adipogenic steroids

identified from natural sources.17,18 To further identify a

new bioactive natural product preventing obesity and

metabolic syndromes, 3α-hydroxy-pregn-7-ene-6,20-dione

(1) was tested for its effects on lipid metabolism and

adipogenesis since the isolated compound is one of the

steroids. First, we treated 3T3-L1 preadipocytes with

various concentrations (0, 2.5, 5, 10, 20, and 40 μM) of

the isolated pregnane steroid (1) for 24 h or 48 h to

evaluate its cytotoxicity in 3T3-L1 preadipocytes. The

cell viability was not changed up to 20 μM, whereas, at

48 h after treatment with 40 μM of compound 1, the

viability of 3T3-L1 cells was reduced (Fig. 3). Thus, a

treatment concentration of less than 40 μM of 1 was used

for subsequent experiments. To evaluate the effects of 1

on adipogenesis, we treated cells with various non-toxic

concentrations (1.25, 2.5, 5, and 10 μM) of 1 during

adipogenesis. After 8 days of differentiation, the lipid

droplets within adipocytes were stained with the Oil red O

working solution. The magnified images of stained

adipocytes showed that compound 1 substantially inhibited

the accumulation and enlargement of lipid droplets

compared to the control, especially at a high concentra-

tion (Fig. 4). In addition, the mRNA expression of the

mature adipocyte marker gene (Adipsin) was markedly

reduced upon incubation with 1 during adipogenesis (Fig.

5). Next, we investigated the capacity of 1 to regulate

lipid metabolism through the expression of lipolytic gene

(ATGL) and lipogenic genes (FASN and SREBP1) (Fig.

5). The mRNA expression of lipolytic gene ATGL was

significantly upregulated upon exposure to 5 μM and 10

μM of compound 1 during adipogenesis, whereas the

expression of the lipogenic genes FASN and SREBP1 was

significantly downregulated at all treatment concentrations

(1.25, 2.5, 5, and 10 μM) of 1 (Fig. 5). These data

indicated that the isolated pregnane steroid (1) disrupted

adipogenesis and facilitated lipid metabolism through the

promotion of lipolysis and the inhibition of lipogenesis.

In conclusion, we identified a pregnane steroid, 3α-

hydroxy-pregn-7-ene-6,20-dione (1) from Hydractinia-

Fig. 1. Chemical structure of compound 1 and its key COSY
( ) and HMBC ( ) correlations.

Fig. 2. Key ROESY correlations of compound 1.
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associated C. sphaerospermum SW67; this is the first

example of a pregnane steroid reported from C. sphaero-

spermum. The effects of the identified compound on

adipogenesis were evaluated; compound 1 efficiently

Fig. 3. Cytotoxicity of compound 1. (A) Viability of 3T3-L1 cells treated with compound 1 (0, 2.5, 5, 10, 20, or 40 μM) for 24 h or 48 h.
The data represent the means ± SD for n = 3. *P < 0.05. (B) Images of 3T3-L1 cells treated with compound 1 for 24 h or 48 h at the
indicated concentrations, viewed under a microscope.

Fig. 4. Inhibitory effects of compound 1 on adipogenesis. (Top) Schematic representation of 3T3-L1 differentiation into adipocytes. Cells
were treated with compound 1 during the entire process of differentiation. (Below) Oil Red O staining of 3T3-L1 adipocytes incubated
with compound 1 during adipogenesis.
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inhibited the differentiation of 3T3-L1 preadipocytes into

adipocytes, thus downregulating the mRNA expression of

Adipsin. Furthermore, compound 1 upregulated the expre-

ssion of the lipolytic gene, ATGL, while downregulating

the expression of the lipogenic genes, FASN and SREBP1.

Our findings support the metabolic role of marine fungus-

derived pregnane steroid in the prevention of excessive

lipid accumulation in obesity.
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Fig. 5. Relative mRNA expression of Adipsin, ATGL, FASN, and SREBP1 in 3T3-L1 adipocytes incubated with compound 1 during
adipogenesis. The data represent the mean ± SEM for n = 3. *P < 0.05, **P < 0.01, ***P < 0.001.


