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Abstract Two azaphilonidal derivatives [penicilaza-

philones B (1) and C (2)], have been isolated from the

fermented products of marine fungus strain Penicillium

sclerotiorum M-22, penicilazaphilones C was a new com-

pound. The compound’s structures were identified by the

analysis of spectroscopic data including 1D and 2D NMR

techniques (1H-NMR, 13C-NMR, COSY, HMQC, and

HMBC). Biological evaluation revealed that penicilaza-

philones B and C showed selective cytotoxicity against

melanoma cells B-16 and human gastric cancer cells SGC-

7901 with IC50 values of 0.291, 0.449 and 0.065,

0.720 mM, respectively, while exhibiting no significant

toxicity to normal mammary epithelial cells M10 at the

same concentration. Moreover, penicilazaphilones C also

exhibited strong antibacterial activity against Staphylo-

coccus aureus, Pseudomonas aeruginosa, Klebsiella

pneumonia and Escherichia coli with MIC values

0.037–0.150 mM, while penicilazaphilones B’s bacterio-

static action was weaker.

Keywords Marine fungus � Penicillium sclerotiorum �
Penicilazaphilones � Antibacterial activity � Cytotoxicity

Introduction

Marine fungi are potentially prolific sources of highly

bioactive secondary metabolites that might serve as useful

leads in the development of new pharmaceutical agents

(Blunt et al. 2012, 2014). More and more attention has

been paid to those obtained from marine fungi in recent

years (Li et al. 2013; Bladt et al. 2013; An et al. 2014).

Over the course of our search for new antineoplastic and

antibacterial lead compounds from marine fungi, we

screened various marine-derived fungi strains and found

that a strain isolated from rotted leaves at the coast of

Haikou, Hainan province in China produces two azahilone-

derived compounds, penicilazaphilones B (1) and C (2)

(Fig. 1) as its major biologically active chemical con-

stituents. There were also reports of four azaphilone

derivative compounds (including penicilazaphilones A and

B, dechloroisochromophilone III and (-)-sclerotiorin)

isolated from the entophytic fungus P. sclerotiorum by

Arunpanichlert et al. (2010). The authors of the study

reported that penicilazaphilones A and B had weak bio-

logical activity as antifungal and anti-HIV virus activity,

Dechloroisochromophilone III and (-)-sclerotiorin showed

strong antimicrobial activities and anti-HIV virus activity.

However, azaphilonidal derivatives exhibited broad activ-

ity in many biological systems, such as cholesteryl ester

transfer protein (Tomoda et al. 1999), endothelin receptor

binding (Toki et al. 1999), monoamine oxidase inhibition

(Somoza et al. 2012), telomerase inhibition (Tomoda et al.

1999), the induction of Epstein-Barr virus (Akihisa et al.

2005), the inhibition of gp120-CD4 binding (Matsuzaki
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et al. 1995), the inhibition of nitric oxide (NO) production

(Quang et al. 2006), cytotoxicity (Yamada et al. 2009), and

antimicrobial activities (Li et al. 2010). So we evaluated

the two azaphilonidal derivatives (1 and 2) in terms of

antibacterial activity and cytotoxicity.

Materials and methods

General experimental procedures

Ultraviolet spectra (UV) were measured with a Hitachi

U-2900 spectrophotometer. Principle bands (kmax) were

recorded as wavelengths (nm) and loge in MeOH solution.

Infrared spectra (IR) were determined on a Bruker Tensor

27 spectrometer and recorded on wavenumber (cm-1).

ElectroSpray ionization-mass spectrometry (ESI-MS) was

recorded on an AB Sciex API4000 mass spectrometer.

Nuclear magnetic resonance (NMR) spectra were recorded

on Bruker AV 400 MHz spectrometers with tetramethyl-

silane (TMS) as an internal standard. Optical rotations were

measured in methanol solution with sodium D line

(589.44 nm) on a Schmidt HHW 5 automatic polarimeter.

Solvents for extraction and chromatography were distilled

at their boiling point ranges prior to use except for ethyl

acetate which was an analytical grade reagent. Thin-layer

chromatography (TLC) and precoated TLC plating were

performed on SiO2 GF254 (10–40 mm, Qingdao Marine

Chemical Inc., China). Column chromatography was per-

formed on silica gel (SiO2: 200–300 mesh, Qingdao Mar-

ine Chemical Inc., China), reverse phase HPLC: RP-18

[LaChrom C18 (4.6 mm 9 150 mmL) L-2000, Hitachi Co.,

Japan], preparation HPLC [InertSustain C18

(20 9 250 mm), LC-8A Shimadzu. Co., Japan].

Cell lines and pathogenic bacteria

Melanoma cells B-16, human gastric cancer cells SGC-

7901 and normal mammary epithelial cells M-10 were

obtained from the National Institute for the Control of

Pharmaceutical and Biological Products (Beijing, China).

Staphlococcus aureus ATCC 25923, Pseudomonas

aeruginosa ATCC 27853, Klebsiella pneumoniae

ATCC700603, and Escherichia coli ATCC 25922 were

provided by the National Institute for the Control of

Pharmaceutical and Biological Products (Beijing, China).

Fungus identification

The fungus (strain M-22) was isolated from a rotted leaf

sample collected on the west coast of Haikou, Hainan

province, China (19�590N, 110�190E). The chromosomal

DNA from M-22 strains was extracted using a fungus

genomic DNA extraction kit (Tiangen Co., China), and the

isolated DNA was amplified by PCR using universal pri-

mers ITS 1 and ITS 4 (Rivera and Seifert 2011), corre-

sponding to a 5.8S rDNA sequence.

For PCR, the reaction elements included 1 lL of the

template DNA, 5 lL of 109 Taq buffer, 1 lL of 10 mM

mixed dNTP, 1 lL of sense-ITS 1 primer

(TCCGTAGGTGAACCTGCGG, 10 pmol/lL), 1 lL of

antisense-ITS 4 primer (TCCTCCGCTTATTGATATGC,

10 pmol/lL), and 5 U of Taq DNA polymerase, which

were prepared in a final volume of 50 lL. The PCR thermal

conditions were set as follows: preheating for denaturation

at 94 �C for 4 min, 30 cycles of denaturation at 94 �C for

30 s, annealing at 52 �C for 30 s, extension at 72 �C for

60 s, and additional extension at 72 �C for 7 min. The

sequencing analysis data obtained from Sinogenomax Co.,

Ltd. showed that M-22 was most closely related to the

partial sequence of Penicillium sclerotiorum (99 % iden-

tity), identifying this strain as Penicillium sclerotiorum.

Fermentation, extraction and purification

of the fungal strain

The fungus was grown under revolving conditions at

28 �C, 120 rmp for 15 days in 500-ml Erlenmeyer flasks

containing liquid medium (200 ml/flask) composed of

glucose (10 g/L), yeast extract (1 g/L), tryptone (2 g/L),

and aged seawater (600 mL/L). The fermented whole broth

(10 L) was filtered through a cheesecloth to separate it into

supernatant and mycelia. The former was concentrated to

about a quarter of the original volume and then extracted

five times with AcOEt to give an AcOEt solution, while the

latter was extracted three times with acetone. The acetone

solution was concentrated to afford an aqueous solution.

Fig. 1 Structures of compounds 1 and 2
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The aqueous solution was extracted three times with

AcOEt to give another AcOEt solution. Both AcOEt

solutions were combined and concentrated to give a crude

extract (7.8 g). The crude extract was applied to CC [SiO2

(300–400 mesh), step gradient of petroleum ether/CHCl3
and CHCl3/MeOH]: fractions 1–12. Fraction 2 (520 mg)

was separated by preparation HPLC (MeOH: H2O =

60:40, flow: 15 mL/min, detect wave: 245 nm), which

yielded two compounds 1 (10.2 mg) and 2 (18.7 mg).

Penicilazaphilone B (1): Yellow gum. 1HNMR (CDCl3,

400 MHz) and 13CNMR (CDCl3, 100 MHz) data see

Table 1. IR Vmax (KBr)/cm-1: 3405, 1721. 1611. UV kmax

(MeOH) nm (log e): 225 (3.96), 244 (3.88), 346 (4.22).

HR-EI-MS m/z: 352.1884 (calculated for C19H28O6:

352.1886). EI-MS m/z: 352 (M?), 334, 266,149, 98. [a] 25
D

:

-44 (c = 0.30, MeOH).

Penicilazaphilone C (2): Yellow gum. 1HNMR (CDCl3,

400 MHz) and 13C NMR (CDCl3, 100 MHz) data see

Table 1. IR Vmax (KBr)/cm-1: 3412, 1711. 1614. UV kmax

(MeOH) nm (log e): 226 (3.98), 245 (3.03), 344 (3.39).

HR-EI-MS m/z: 417.1061 (calculated for C20H29O7Cl:

417.1062). EI-MS m/z: 417 (M?), 399, 381, 312, 295, 244,

111. [a] 25
D

: -35.1 (c = 0.30, MeOH).

Cytotoxicity assay

Cytotoxic activity against B-16 (murine melanoma),

SGC-7901 (human gastric cancer) and M-10 (normal

mammary epithelial cells) cell lines were determined

according to previously reported methods (Tavakolinia

et al. 2012).

Antibacterial assay

The two compounds’ sensitive bacteria tests were carried

out using the disk diffusion method (Niu et al. 2013).

Minimal inhibitory concentration (MIC) were determined

by double-broth dilution method (Andrews 2001).

Results and discussion

Identification of strain

The producing strain, M-22, was isolated from the rotted

leaves that were collected from the west coastal of Haikou,

Hainan province in China. In general, the mycelium of this

strain grow 30–50 mm diameter in 7 days on marine fun-

gus collective medium; the conidial colours are subtle

Table 1 The NMR Data of Penicilazaphilones B (1) and C (2)

No. 1 2

dH (mult, J, Hz) dC mult dH (mult, J, Hz) dC mult HMBC correlation

1 a: 4.78, dd (10.8, 5.4) 68.5, CH2 a: 4.72, dd (10.1, 4.0) 68.3, CH2 C-3, C-4a, C-8, C-8a

b: 3.77, dd (13.5, 10.8) b: 4.15, dd (12.3, 5.4)

3 161.5, qC 161.8, qC

4 5.72, s 102.4, CH 6.11, s 101.7, CH C-3, C-4a, C-5,C-8a, C-10

4a 152.1, qC 145.0, qC

5 5.83, s 116.3, CH 111.7, qC

6 197.3, qC 193.9, qC

7 74.2, qC 75.4, CH

8 3.68, d (9.1) 74.5, CH 4.08 d (2.5) 74.4, CH C-1, C-8a, C-9

8a 3.05, m 36.4, CH 3.19, m 37.3, CH C-1, C-4a, C-8

9 1.43, s 20.8, CH3 1.43, s 22.3 CH3 C-6, C-7, C-8

10 6.25, d (15.2) 122.3, CH 6.32, d (15.6) 121.5, CH C-3, C-4, C-20, C-40

20 6.54, d (15.2) 143.0, CH 6.72, dd (15.6, 15.7) 142.9, CH C-3, C-10, C-30, C-40,

30 75.7, qC 3.46, d (15.7) 79.4, CH C-10, C-20, C-40, C-50, C-100

40 3.46, d (2.4) 78.2, CH 77.8, qC

50 1.68, m 35.3, CH 3.36, d (16.0) 78.4, CH C-40, C-100, C-60, C-70, C-90

60 a: 1.45, m; b: 1.30, m 28.7, CH2 1.74, m 35.1, CH C-40, C-50, C-70, C-80, C-90

70 0.92, m 11.6, CH3 a:1.45, m; b:1.36, m 28.6, CH2 C-50, C-60, C-80, C-90

80 0.96, d (7.0) 13.4, CH3 0.93, m 11.0, CH3 C-60, C-70, C-90

90 1.30, s 23.8, CH3 0.95, d (7.4) 13.0, CH3 C-50, C-60, C-80

100 1.32, s 24.9, CH3 C-30, C-40, C-5
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green with grey (Fig. 2a). As the colony morphology and

conidia or spores of this species is classified as Penicillium

(Rivera and Seifert 2011; Visagie et al. 2014), this fungus

was identified according to analysis of the DNA sequences

of the internal transcribed spacer (ITS1-5.8S-ITS4) regions

of its ribosomal RNA gene. The ITS sequence (550 bp,

shown in Fig. 2b, GenBank Accession Number

F09Y7C2T015) matched with three Penicillium sclerotio-

rum sequences from GenBank comprising AY373930.1,

JX076979.1 and KM265450.1 with sequence identity of

99.9, 99.9 and 99.8 %, respectively. This marine fungus

was then identified as Penicillium sclerotiorum. Gene

phylogenetic analyses ITS revealed that strains previously

identified as P. sclerotiorum comprise a complex of phy-

logenetically distinct species as show in Fig. 2c. P. scle-

rotiorum is now classified as Penicillium subgenus

Aspergilloides, section Sclerotiora by Houbraken and

Samson (Houbraken and Samson 2011).

Structural elucidation of the compounds

Penicilazaphilone C (2) was obtained as a yellow gum. Its

IR absorptions at 3412, 1711, and 1614 cm-1 implied that

hydroxyl, carbonyl and double bond functional groups

existed, respectively. The UV spectrum showed absorption

maxima at 226, 245 and 344 nm, indicating the presence of

an extended conjugated system. High-resolution mass

spectral analysis suggested a molecular formula of

C20H29O7Cl (m/z 417.1601 [M] ?) with six degrees of

unsaturation, which was consistent with the structural

information provided by 1H-NMR and 13C-NMR spectra.

The 1H-NMR spectral data (Table 1) and HMQC spectrum

composed of signals for trans-olefinic protons [d 6.72 (1H,

dd, J = 15.6,15.7 Hz, H-20) and 6.32 (1H, d, J = 15.6 Hz,

H-10)], three oxymethine protons [d 4.08 (1H, d,

J = 2.5 Hz, H-8), 3.46 (1H, d, J = 12.0 Hz, H-30) and

3.36 (1H, d, J = 16.0 Hz, H-50)], two methine protons [d
3.19(1H, m, H-8a) and d 1.74 (1H, m, H-60)], two

nonequivalent methylene protons [d1.45 (1H, m, Ha-7
0) and

d1.36 (1H, m, Hb-70)] and four methyl groups [d1.43 (3H,

s, H-9), 1.32(3H, s, H-100), 0.95 (3H, d, J = 7.4 Hz, H-90),
0.93(3H, m, H-80)]. The remaining proton signals belonged

to one olefinic proton (d 6.11, 1H, s, H-4), two non-

equivalent oxymethine protons [d 4.72 (1H, dd, J = 10.1,

4.0 Hz, Ha-1) and 4.15 (1H, dd, J = 12.3, 5.4 Hz, Hb-1)].
1H-1H COSY analysis of 2 revealed three partial structural

units as shown by bold-faced lines in Fig. 3, the cross

peaks of Hab-1 (d4.72, 4.15)/H-8a (d3.19), H-8a (d3.19)/H-

8 (d4.08), H-10 (d 6.32)/H-20(d 6.72), H-20(d 6.72)/H-30

(d3.46), H-50 (d3.36)/H-60 (d1.74) and Hab-70 (d1.45,1.32)/

H3-80 (d0.93). The chemical shifts of C-7 (d 75.4) and C-8

(d 74.4) suggested that these carbons are oxygenated. C-10

(d 121.5) of the octenyl unit was connected with C-3 (d
161.8) of the azaphilone unit by the key HMBC correla-

tions from H-20 to C-3 and from H-10 to C-4. The con-

nection of these units and the remaining functional groups

Fig. 2 A Morphology of strain M-22, the characterization of strain (a) and conidiophores of strain (b); B PCR product of ITS rDNA sequence of

strain; C homology tree of strain M-22 isolated to other fungi from GeneBank, deduced from sequence of ITS rDNA phylogenetic tree of the

5.8S rRNAs
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was determined on the basis of the key HMBC correlations

summarized in Fig. 3. The connection of a chlorine atom to

C-5 was reasonable from its chemical shift (d C 111.7).

Thus, the planar structure of penicilazaphilone C was

established as that depicted in 2. The relative stereocon-

figuration of 2 was established by the analysis of its 1H

NMR J-values and NOEDIFF data combined with three-

dimensional molecular modelling. The large coupling

constant (15.6 Hz) observed for H-10 and H-20 suggested

that these protons had a trans-diaxial relationship. NOE

correlations of H-10 to H-4(d 6.11) and H-30(d 3.46) indi-

cated that they were cofacial and that the absolute con-

figuration for C-30 was S. Irradiation of H-50 in the

NOEDIFF experiment enhanced signal intensity of H3-90

and H3-100 but not H-60 suggesting that these protons were

cofacial but have opposite orientation to H-60, thus indi-

cating that the absolute configuration at C-40, C-50 and C-60

was then proposed to be S, R and R, respectively. In

addition, irradiation of H-8 in the NOEDIFF experiment

enhanced signal intensity of H3-9, but not H-8a (3.19),

indicating that H-8 was trans to H-8a but cis to H3-9. These

data revealed that the absolute configuration of this moiety

in 2 was proposed to be 7R, 8R, and 8aR. The relative

configuration of penicilazaphilone C (2) was thus estab-

lished as that shown in Fig. 4. Consequently, penicilaza-

philone C (2) was assigned as a new polyketide azaphilone.

Penicilazaphilone B was obtained as a yellow gum. The

HR-EI-MS showed the molecular formula C19H28O6 cor-

responding to six degrees of unsaturation. The general

features of its UV, IR, and NMR spectra (Table 1)

resembled those of 2 except less one carbon atom, one

oxygen atom and helium atom, and the 1H-NMR and 13C-

NMR spectral data as shown in the Table 1. According to

the 1H-NMR, 13C-NMR spectral data and relevant litera-

ture can be identified as penicilazaphilone B by comparison

with the data given in the corresponding references

(Arunpanichlert et al. 2010).

Antineoplastic activities of the isolated compounds

The vitro cytotoxicity experiments were performed with

the two compounds against melanoma cells B-16, human

gastric cancer cells SGC-7901 and normal mammary

epithelial cells M-10 to study cell proliferation (Fig. 5).

The MTT assay was employed and showed that the two

compounds have good antiproliferation against cancer cells

but weak inhibition proliferation for normal M-10 cells.

The inhibition of cell proliferation was stronger when those

two compounds’ concentration increased. IC50 (the inhi-

bition of 50 % cell growth) was determined by interpola-

tion from dose–response curves. As shown in Fig. 5,

penicilazaphilone B exhibited potent cytotoxic ability

against B-16 and SGC-7901 cell lines, and its IC50 values

were 0.291 and 0.449 mM respectively. Thus penicilaza-

philone C against the two cancer cell lines showed

antiproliferation and IC50 values of 0.065 and 0.720 mM,

respectively. The results suggested that penicilazaphilone

B and C were both selectively cytotoxic to cancer cell

lines.

Antibacterial activities of the isolated compounds

According to the determination standard for the qualita-

tive result of bacteriostasis in vitro, the two compounds

were all sensitive to four pathogenic bacteria (S. aureus,

P. aeruginosa, K. pneumonia and E. coli). The peni-

cilazaphilone C antibacterial force to K. pneumoniae was

the strongest. The results of the drug-sensitive test of two

compounds to the four pathogenic bacteria are shown in

Table 2 and Fig. 6.

MIC values of the two compounds to four pathogenic

bacteria are shown in Table 2. However, penicilazaphilone

C has more antibacterial activity than penicilazaphilone B.

The latter was weakly inhibited to four pathogenic bacteria,

and its lowest MIC value was 250.0 lg/mL, but peni-

cilazaphilone C inhibited all test pathogenic bacteria, in

particular K. pneumoniae and E. coil, and its MIC values

were both 0.037 mM. The results indicated that the chlo-

rine atom might play role in the biological activities.

Fig. 3 Selected COSY and HMBC correlations for 2

Fig. 4 Selected NOE correlations for 2
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Conclusion

Two azaphilone derivatives [penicilazaphilones B (1) and

C (2)] were isolated from a marine fungus strain P.scle-

rotiorum M-22 fermented in Erlenmeyer flasks (10 L), and

the penicilazaphilones C (2) is a new compound. Two

compounds exhibited moderate antineoplastic activity to

melanoma cells B16 and human gastric cancer cells SGC-

7901 but weak cytotoxic activities to normal mammary

epithelial cells M10, and compound 2 showed stronger

A B

Fig. 5 a Inhibition growth of penicilazaphilone B on B16, SGC7901 and M10 cell lines; b inhibition growth of penicilazaphilone C on B-16,

SGC-7901 and M-10 cell lines

Table 2 Diameter of inhibiting bacteria circle and MIC of drugs

Penicilazaphilone B Penicilazaphilone C

Diameter of inhibiting

bacteria circle (mm)

MIC (lg/mL) Diameter of inhibiting

bacteria circle (mm)

MIC (lg/mL)

S. aureus 11.0 ± 0.50 250.0 23.0 ± 0.87 31.25

P. aeruginosa 10.0 ± 0.50 500.0 14.0 ± 1.32 62.5

K. pneumoniae 10.5 ± 0.53 500.0 25.5 ± 2.02 15.63

E. coli 11.5 ± 0.76 250.0 24.5 ± 1.53 15.63

Fig. 6 Antibacterial activities of penicilazaphilone B and penicilazaphilone C. A Inhibitory effect of penicilazaphilone B on S. aureus (a), P.

aeruginosa (b), K. pneumoniae (c), and E. coli (d); B inhibitory effect of penicilazaphilone C on S. aureus (a), P. aeruginosa (b), K. pneumoniae

(c), and E. coli (d)
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antibacterial activity compare to compound 1. This sug-

gests the two compounds as potential anticancer or

antibacterial drugs.
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