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ARTICLE INFO ABSTRACT

Keywords: Four new polyketides, including an unusual naphthoquinone derivative (1), two azaphilone analogous (2, 7) and
Polyketides an a-pyrone (12), were isolated from the gorgonian-derived fungus Penicillium sclerotiorum CHNSCLM-0013
Azaphilones together with nine known compounds. Their structures were identified based on the 1D, 2D NMR, HRESIMS,

Gorgonian-derived fungus

single crystal X-ray diffraction and the absolute configurations were determined by comparing the 'H NMR
Anti-inflammatory

chemical shift and optical rotations with those reported in literature. In the bioassay, compounds 2, 6,7, 10 and
12 exhibited significant inhibitory activities against the nitric oxide (NO) production in the LPS-induced mac-
rophage RAW 264.7 with the ICs, values in the range of 2.5-18.0 uM. Compounds 2, 6 and 7 exhibited the
possible mechanism of downregulating the expression of iNOS and COX-2 in mRNA level. The primary structure-
activity relationship was also discussed based on the molecular-modeling. This study will make a contribution to
the chemical diversities of polyketides especially the azaphilone derivatives and the discovery of potential anti-
inflammatory agent from marine fungi.

1. Introduction [7]1; COX-2 expression inhibitor dysiarenone [8] and influenza neur-

aminidase agent simpterpenoid A [9]. By 2016, the number of new

Marine ecosystem has become a “huge treasury” of new bioactive
natural products (NPs), which refers to naturally occurring small sec-
ondary metabolites (usually < 3000 Daltons) from marine environ-
ment or organisms such as molluscs and microorganisms [1-3]. These
NPs make significant contributions not only to organism’s survival,
growing or biophylaxis, but also to the increasing number of ther-
apeutic agents being developed in preclinical researches or clinical
applications for life sciences [4,5].

Marine microorganisms, play as the most important source of nat-
ural products from marine ecosystem, have generated considerable
interest in the past decades. The extreme environment promotes the
production of metabolites with interesting skeleton and potent bioac-
tivities, such as the Mycobacterium tuberculosis protein tyrosine phos-
phatase B (MptpB) inhibitor asperterpenoid A [6], diaporisoindole A
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metabolites from marine microorganisms has reached half of the total
number of marine natural products [1-3]. On our ongoing search for
structural unique and biological active metabolites from marine mi-
croorganisms [6,7,10-12], the chemical investigation of a gorgonian-
derived fungus Penicillium sclerotiorum CHNSCLM-0013 was carried
out and four new polyketides including an unusual naphthoquinone
derivative (1), two azaphilone analogous (2, 7) and an a-pyrone (12),
were obtained based on 'H NMR spectroscopy-guided strategy together
with nine known compounds. Moreover, compounds 2, 6,7, 10 and 12
exhibited significant inhibitory activities against the nitric oxide (NO)
production in the LPS-induced macrophage RAW 264.7 with the ICso
values in the range of 2.5-18.0 uM. Herein, the details of the isolation,
structure identification and biological activities assays were discussed.
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2. Material and methods
2.1. General experimental procedures

UV data were collected on a UV-240 spectrophotometer (Shimadzu,
Beijing, China). IR spectrum was recorded using Bruker Vector spec-
trophotometer 22. Melting points were tested on a Fisher-Johns hot-
stage apparatus and were uncorrected. Optical rotation was recorded
using a MCP300 (Anton Paar, Shanghai, China). HRESIMS were de-
termined with a Q-TOF high-resolution mass spectrometer (Waters).
The experiment ECD data were recorded on J-810 spectropolarimeter
(JASCO, Tokyo, Japan). 1D and 2D NMR data were recorded on a
Bruker Avance spectrometer (Bruker, Beijing, China), in which all
chemical shifts () are given in ppm with reference to TMS and coupling
constants (J) are given in Hz. Column chromatography (CC) was carried
out on silica gel (200-300 mesh, Marine Chemical Factory, Qingdao,
China) and sephadex LH-20 (Amersham Pharmacia, Piscataway, NJ,
USA). Solvents used to column chromatography were analytically pure
with prior distilled to remove the water and the high boiling point
impurities. Semipreparative HPLC was performed on a Waters Breeze
HPLC system using a Phenomenex Luna (Phenomenex, Torrance, CA,
USA) C18 column (250 X 10 mm, 5um), flow rate, 2.0 mL/min. The
measurement of the absorbance in anti-inflammatory activity was
performed with an Infinite M200 PRO microplate reader (TECAN). RT-
PCR amplification was carried out using PikoReal (Thermo Fisher
Scientific, MA, USA).

2.2. Fungal material

The fungus strain Penicillium sclerotiorum used in this study was
isolated from a piece of fresh tissue of the inner part of the gorgonian
coral A. ocbracea (GXWZ-33), which were collected in April 2010 from
Weizhou coral reef in South China Sea. It was obtained using the
standard protocol for the isolation. Fungal identification was carried
out using a molecular biological protocol by DNA amplification and
sequencing of the ITS region of the rRNA gene. The 543 based pair ITS
sequence data obtained from the fungal strain have been deposited at
GenBank with accession no. KT695601. A BLAST search result showed
that the sequence was the most similar (99%) to the sequence of P.
sclerotiorum (compared to KF999008.1). The strain was deposited at the
Key Laboratory of Marine Drugs, the Ministry of Education of China,
Qingdao, PR China.

2.3. Fermentation, extraction and isolation

The fungus was grown on solid cultured medium in 60 Erlenmeyer
flasks (each containing 100 g rice and 150 mL 0.3% saline) for 28 days
at room temperature under static condition. After fermentation, the
former was extracted with Methanol for three times and then con-
centrated under reduced pressure to yield residual gum in 35.4 g. The
extract was subjected to silica gel CC using gradient elution with pet-
roleum ether-Ethyl acetate from 90:10 to 0:100 (v/v) to give 36 frac-
tions (Frs.1-30). Fr. 5 (9.8 g) was recrystallized to offer 3 (1.5 g). Fr. 14
(2.0 g) was further subjected to silica gel CC using dichloromethane/
methanol (98:2) to obtain Fr.14.1-14.10. Fr. 14.2 (321.2mg) was
purified by Sephedx LH-20 CC eluted with methanol/dichloromethane
(1/1) to obtain 1 (2.8 mg), 2 (2.5mg), 7 (3.7 mg), 8 (7.1 mg). Fr. 14.5
(305.9mg) was subjected to silica gel using chloroform/methanol
(98:2) and semi-preparation HPLC to afford 9 (2.3 mg), 10 (3.9 mg) and
11 (4.4 mg). Fr. 25 (999.0 mg) was applied to repeated Sephedx LH-20
CC where 4 (9.8mg), 5 (11.6mg) and 6 (39.8mg) were obtained.
Finally, 12 (2.2mg) and 13 (6.5 mg) were isolated in the Fr. 27 using
semi-preparation HPLC.

2.3.1. Sclerketide A (1)
Yellow crystal; m.p. 234-235°C; [a] + 89.2 (c 0.01, CHCl3); UV
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Table 1
1H (500 MHz) and '*C (125 MHz) NMR Data of 1 and 2.

Position 1% Position 27

Sy (mult, J, Hz) &8¢ Sy (mult, J, Hz)  &¢

1 180.4 C 1 7.94 (s) 152.6 CH
2 153.5C 2
3 121.9C 3 157.8 C
4 183.7 C 4 6.65 (s) 106.3 CH
4a 134.4 C 4a 138.6 C
5 7.64 (s) 116.5CH 5 110.8 C
6 166.5 C 6 1859 C
7 123.2C 7 84.4C
8 8.64 (s) 129.3CH 8 191.9C
8a 123.7 C 8a 1144 C
9 2.14 (s) 8.9 CH3 9 6.08 (d, 15.7) 115.6 CH
10 1939 C 10 7.06 (d, 15.7) 142.8 CH
11 7.09 (d, 15.0) 1169CH 11 132.0C
12 7.68 (d, 15.0) 153.5CH 12 5.71 (d, 9.8) 148.8 CH
13 1324 C 13 2.49 (m) 35.2 CH
14 5.99 (d, 9.8) 1541CH 14 1.43 (m) 30.1 CH,
15 2.55 (m) 34.5 CH 1.33 (m)
16 1.46 (m) 299CH, 15 0.87 (t, 7.4) 11.8 CH3
1.37 (m) 16 1.85 (s) 12.3 CH3
17 0.89 (t, 7.5) 119CH; 17 1.01 (d, 6.5) 20.2 CH3
18 1.97 (s) 12.7 CH; 18 1.57 (s) 22.5 CH3
19 1.05 (d, 6.6) 20.0CH; 1/ 173.8 C
6-OH 13.04 (s) 2/ 2.49 (q, 7.5) 26.6 CH,
3 1.15(t, 7.5) 8.72 CH3

2 Measured in chloroform-d.

(MeOH) Anax (loge): 248 (4.88), 257 (3.81), 309 (3.41), 352 (3.26) nm.
IR (KBr): 3326, 2851, 2713, 1690, 1680, 1675, 1298, 1011, 904 cm ™ ;
HRESIMS m/z 353.1397 [M-H]™ (calcd for Cy;H5;,0s5, 353.1384); H
and '3C NMR data: see Table 1.

2.3.2. Sclerketide B (2)

Yellow power; m.p. [a] = + 406 (c 0.1, methanol); UV (MeOH)
Amax (loge): 240 (4.51), 288 (3.93), 332 (1.23) nm. IR (KBr): 3435,
2949, 1737, 1625, 1512, 1183, 1131, 1079, 966 cm ™~ ; HRESIMS m/z
405.1465 ([M+H] ") (caled for CyHy60sCl, 405.1463); 'H and 3C
NMR data: see Table 1.

2.3.3. Sclerketide C (7)

Yed oil; [a] = + 399 (c 0.1, methanol); UV (MeOH) A,.x (loge): 24
(3.32), 376 (3.28), 480 (3.01) nm. IR (KBr): 2950, 2920, 1740, 1709,
1600, 1491, 1222, 1150, 853 crn’l; HRESIMS m/z 490.1991 ([M
+H]", caled for CagHs306NCl, 490.1991); 'H and '>C NMR data: see
Table 1.

2.3.4. Sclerketide D (12)

Yellowish power; [a] = + 39 (c 0.1, methanol); UV (MeOH) A,y
222 (3.33), 254 (2.99) nm. IR (KBr): 3316, 2933, 1634, 1414, 1309,
1135cm™Y; HRESIMS m/z 309.1708 ([M-H]~, caled for Cy;H,1Os,
309.1707; 'H and '*C NMR data: see Table 2.

2.4. Crystallographic data and X-ray analysis

Data were collected on an Agilent Xcalibur Nova single-crystal dif-
fractometer using Cu Ka radiation. The crystal structure was refined by
full-matrix  least-squares  calculation with the SHELXL-97.
Crystallographic data for the structure of 1 have been deposited in the
Cambridge Crystallographic Data Centre (deposition number: CCDC
1826093). Crystal data of 1: Cy;H3,05 (M = 254.38); needle crystal
(0.05 x 0.11 x 0.2); space group Pl; wunit cell dimensions
a=6.1358(2) A, b = 11.0077(5) A, ¢ = 13.3588(6) A, a = 91.540(4)’,
B =100.013(3), y = 91.645(3)°, V = 887.69(6) A%, Z = 2; T = 150(2)
K; peaia = 1.326 mg/m>; absorption coefficient 0.771mm~% F
(000) = 376, a total of 7741 reflections were collected in the range
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Table 2
'H (500 MHz) and '3C (125 MHz) NMR Data of 7 and 12.
7a 120
Position &y (mult, J°) 8¢ Position & (mult, J) 8c
1 7.74 (s) 141.1CH 1 168.1 C
2 2 97.2C
3 1481C 3 168.6 C
4 7.04 (s) 111.4CH 4 6.02 (s) 102.9 CH
4a 1445C 5 160.3 C
5 114.8 C 6 2.50 (dd, 14.5, 8.2) 41.2 CHy
6 184.5 C 2.62 (dd, 14.5, 4.7)
7 84.8 C 7 3.90 (m) 68.5 CH
8 194.0 C 8 1.57 (m) 35.2 CH,
8a 102.3C 9 2.07 (ddd, 14.4, 9.4, 35.2 CH,
6.1)
9 6.30 (d, 114.6 CH 2.17 (ddd, 14.4, 9.5,
15.3) 5.8)
10 7.00 (d, 1454 CH 10 1343 C
15.3)
11 1321C 11 5.02 (d, 9.7) 128.3 CH
12 571(d, 9.7) 148.2CH 12 2.33 (m) 40.0 CH
13 2.48 (m) 352CH 13 3.45 (m) 71.7 CH
14 1.44 (m) 30.1 CH, 14 1.10 (d, 6.3) 20.3 CH;
1.35 (m) 15 1.85 (s) 7.2 CH,
15 0.88(,7.4) 126CH; 16 1.65 (s) 15.1 CHs
16 1.90 (s) 121 CH; 17 0.96 (d, 6.7) 16.3 CHj3
17 1.02(d, 6.7)  20.3 CHj
18 1.55 (s) 23.3 CH;
1’ 3.74 (m) 53.0 CH,
2 2.06 (m) 25.3 CH,
3 2.44 (br t, 30.0 CH,
6.5)
4 172.4 C
OMe 3.70 (s) 52.2 CH,

2 Measured in chloroform-d.
> Jin Hz.

8.04° < © < 73.52° independent reflections 3996 [R(int) = 0.0369];
the number of data/parameters/restraints were 3996,/3/484; goodness-
of fit on F*>=1.054; final R indices [I > 20()] R; = 0.0467,
wR, = 0.1249; R indices (all data) R; = 0.0522, wR, = 0.1281.

2.5. The Anti-inflammatory activity

The anti-inflammatory activities of isolated metabolites were eval-
uated on the basis of the inhibition of NO production in lipopoly-
saccharide (LPS)-induced RAW 246.7 mouse macrophages according to
the reported methods. The cytotoxicity against the macrophages were
assayed using the MTT method. RAW 264.7 cells used in this study were
purchased from the cell bank of the Chinese Academy of Sciences from
Shanghai. Firstly, the cells were cultured in 96-well plates at a density
of 0.00005 cells per well and incubated overnight (12h). Then, LPS
with concentration of 1 pg/mL was added together with the different
concentrations of tested compounds (dissolved in dimethyl sulphoxide).
After 24 h, 50 pL cell culture supernatant solution was moved to a new
plate which contained NO detection reagent I (50 L) and II (50 pL).
Finally, the absorbance was measured at 540 nm.

2.6. Reverse transcriptase-PCR (RT-PCR)

Total RNA was extracted from RAW264.7 cells using Trizol reagent.
The primers (Generay, guangzhou, China) were described as following:
mouse iNOS (129 bp), forward primer 5-CTTGGAGCGAGTTGTGGATT
GTC-3’ and reverse primer 5-TAGGTGAGGGCTTGGCTGAGTG-3;
mouse COX-2 (166 bp), forward primer 5-TAGTTGCTCATCACCCCA
CTC-3’" and reverse primer 5-GATCTACCCTCCTCACATCCC-3’;PCR was
performed over 35 cycles of denaturation at 95 °C for 5 min, annealing
at 57 °C for 155, and elongation at 72 °C for 20 s. Aliquots (6 uL) were
electrophoresed in 1.2% agarose gels and stained with ethidium
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bromide [13].
2.7. Molecular docking study

Tested compounds were optimized using DFT calculations at the
B3LYP/6-31G(d) level through the Gaussian 09 program [14]. Docking
simulations in iNOS were carried out in AutoDock4.2.6 [15]. The
crystallographic structure of iNOS was downloaded from the Protein
Data Bank (pdb code: 2BHJ). The method used was according to the
previously reported [16]. The energy grid maps for each atom type in
the ligands (i.e. A, C, HD, N, and OA), as well as the electrostatic and
de-solvation maps were calculated using the AutoGrid 4.2.6 program.
The optimal binding conformation was determined by LGALS (La-
marckian Genetic Algorithm with Local Search) with the same para-
meters as previously reported during each run. Docking runs were
carried out and the resulting 100 binding conformations were gener-
ated according to the calculated binding free energy. The obtained re-
sults and the docked poses were analyzed by AutoDockTools.

3. Results and discussion
3.1. Metabolites isolation

The methanol extract of the fermentation broth was subjected to
repeated silica gel, Sephadex LH-20 column chromatography and re-
versed-phase Cj;g semipreparative High Performance Liquid
Chromatography (HPLC) to afford 15 fractions. 1H NMR (500 MHz)
spectra of each fraction were acquired in dimethyl sulphoxide with a
concentration of 1 mg/mL and most of them displayed signals of a 2-
butyl moiety: 8y 2.45-2.55 (m, CH); 8y 1.31-1.39, 1.40-1.48 (each m,
CH,); 8y 1.00-1.05 (d, J = 6.5, CHs); 8y 0.85-0.90 (t, J = 7.5, CHs),
which were well known to occur within the side chain of azaphilones.
Guided by the characteristic resonances, thirteen relative polyketides
(1-12) including an unusual naphthoquinone derivative sclerketide A
(1), two new azaphilone analogous sclerketide B-C (2, 7) and a new a-
pyrone derivative sclerketide D (12) were obtained (Fig. 1). The
structures of the new compounds were deduced based on the 1D, 2D
NMR spectroscopic data, X-ray diffractions and optical rotations
(Fig. 1). The known compounds were identified as (+ )-sclerotiorin (3),
deacelysclerotioramine  (4), isochromophilone VI (5), iso-
chromophilone IX (6), isochromophilone IV (8), ochlephilone (9), se-
quoiatones B (10), sequoiatones A (11), and 6-((1E,3E)-3,5-di-
methylhepta-1,3-dien-1-y1)-2,4-dihydroxy-3-methylbenzaldehyde (13)
by comparing their spectroscopic data with those reported [17-23].

3.2. Structure identification

Sclerketide A (1) was obtained as flavescent crystals. The molecular
formula was deduced to be C5;H,,05 based on the HRESIMS at quasi-
molecular ion peaks m/z 353.1397 [M-H]™ (caled for Cy1H3;0s,
353.1384), suggesting 11 degrees of unsaturation. '"H NMR spectrum
(Table 1) displayed signals of a chelating proton at §i 13.04 (s, 6-OH);
three olefinic protons including a set of trans coupled ones at § 7.09
(d, J = 15.0Hz, H-11), 7.68 (d, J = 15.0 Hz, H-12); two singlet aro-
matic protons at 8y 7.64 (s, H-5), 8.64 (s, H-8); two singlet methyl
signals at 8y 2.14 (s, H3-9); 8y 1.97 (s, H3-18) and a 2-butyl resonance
at 8 0.89 (t, J = 7.5 Hz, H3-17), 8; 1.05 (d, J = 6.6 Hz, H3-19), 8y 2.55
(m, H-15); 8y 1.37, 1.46 (each m, H,-16). '>C NMR data indicated the
presences of 21 carbons including 12 aromatic carbons and three car-
bonyl carbons. Further analysis of the 'H, 'H-COSY spectrum (Fig. 2)
suggested that there were two independent spin-coupling systems (C-
11-C-12 and C-14-C-17) based on the correlations of H-11/H-12 and H-
14/H-15(H-19)/H,-16/H3-17.

The planar structure was determined by HMBC analysis (Fig. 2). The
correlations from H-8 to C-7/C-1/C-8a, H-5 to C-3/C-4a/C-8a and the
labile proton 6-OH to C-5/C-6/C-7 suggested the naphthoquinone
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Fig. 1. Chemical structures of compounds 1-13.

skeleton. The connectivity of the two spin-coupling systems was de-
duced by the cross-peak from H3-18 to C-12, C-13 and C-14, which
formed the characteristic side chain. Furthermore, based on the corre-
lations from H-8 to C-10, C-11 and C-12, the linkage of the naphtho-
quinone moiety and the side chain was constructed via the carbonyl
carbon (C-10). Finally, the methyl H3-9 was linked to C-2 which was
evidenced by the correlations from H3-9 to C-1, C-2 and C-3.

The block crystal of 1 was obtained in the mix solvent of methanol/
CHCl; (1/15) and the geometry of /\1314 was further confirmed by the
X-ray diffractions (Fig. 3). The absolute configuration of C-15 was
proposed to be S by comparing the characteristic 'H and *°C chemical
shifts of CH-15, Me-19 and CH,-16 with those reported azaphilones
which contained a same side chain (C-10-C-19) [17,18,24].

Sclerketide B (2) was isolated as yellowish oil. Analysis of the
HRESIMS afforded a deprotonated molecular peak at m/z 405.1465 ([M
+H] "), suggesting the molecular formula to be Cy,H2605Cl (caled for
C0H2205Cl, 405.1463). 'H and '*C NMR spectrum revealed the pre-
sences of five substituted double bonds, two keto groups, four methyls,
one methane and a methine (Table 1), indicating that compound 2 was
an azaphilone derivative similar to (4 )-sclerotiorin (3). The main dif-
ference is that the acetyl was absence in (+)-sclerotiorin (3) and an

Fig. 3. The crystal structure of compounds 1.

= 'H, "H-cOSY
—> HMBC

Fig. 2. 'H, 'H-COSY and HMBC correlations of compounds 1 and 2.
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Fig. 4. NOESY correlations of compounds 2 and 7.

additional propionyl group was appeared [§y 2.49 (q, J = 7.5Hz), 6y
1.15 (t, J = 7.5 Hz), ¢ 173.8]. Considering about the chemical shift of
C-7 (8¢ 84.4), the propionyl group should be connected to C-7.

The geometry of double bonds A®!® and A''? were deduced
based on the coupling constants of H-10 and H-11 (J = 15.7 Hz) as well
as the NOE correlation of H3-16/H-9 and H-10/H-12 (Fig. 4). Further-
more, the absolute configuration of C-7 was determined as R based on
the positive optical rotation [+ 406 (c 0.1, methanol)]. The chirality of
C-13 of the side chain was signed as S by comparison the NMR data
with the known relatives (+ )-sclerotiorin [17,24].

Sclerketide C (7) was isolated as red oil, of which the molecular
formula was determined to be CysH3,0¢NCl based on the quasi-mole-
cular ion peak m/z 490.1991 ([M+H]™, caled for CysH3306NCl,
490.1991) from HRESIMS. Comprehensive analysis of the 'H and *3C
NMR (Table 2) data indicated that compound 7 also constructed an
azaphilone skeleton containing a nitrogen atom. Comparing to the
previously reported metabolite isochromophilone IX (6) from Peni-
cillium sp. suggested that an additional methoxyl was present. The
HMBC correlation (Fig. 5) from Me-5’ to the neighboring carbonyl
carbon C-4’ confirmed the methylation of the carboxyl (C-4’). The ab-
solute configuration of C-7 was determined as R based on the positive
optical rotation [+399 (c 0.1, methonal)] and the geometry of A%*°
and A'!? were established by the coupling constants and NOE cor-
relations (Fig. 4), respectively [21]. Hence, compound 7 was estab-
lished to be methyl ester of isochromophilone IX, named sclerketide C.

Sclerketide D (12) was obtained as colorless power and its mole-
cular formula was deduced as C,7H,505 based on the HRESIMS (m/z
309.1708 ([M-H]", caled for Cy;H,106, 309.1707). 'H NMR data in-
dicated the presences of two tri-substituted olefin protons (g 6.02 (s),
5.02 (d, J =9.7)), three methenes including two with AB coupling
system (8y 2.50 (dd, J = 14.5, 8.2), 2.62 (dd, J = 14.5, 4.7); 6y 2.07
(ddd, J = 14.4, 9.4, 6.1), 2.17 (ddd, J = 14.4, 9.5, 5.8)), two oxygen
bearing methines (6y 3.90 (m), 3.45 (m)) and four methyl groups (g
0.96, 1.10, 1.65, 1.85). 3C NMR revealed the containment of four
aromatic carbons, ten sp3 hybridized carbons and an a, B-unsaturated
carbonyl carbon (¢ 168.1).

Furhter analysis of the 2D NMR spectrum (Fig. 6) constructed the
gross structure. The correlations of H,-6/H-7/H,-8/H»-9 and H-11/H-
12(H;-17)/H-13/H5-14 in 'H, 'H-COSY spectrum suggested that there
were two independent spin coupling system (C-5-C-9 and C-11-C-14,
respectively). The a-pyrone was elucidated based on the HMBC corre-
lations from Me-15 to C-1/C-2/C-3, H-4 to C-3/C-4/C-5 as well as the
requirement of degrees of unsaturation. The cross peaks from H,-6 to C-
4/C-5 indicated the linkage between C-5 and C-6 and the two spin

iNOS

Contre,
26.25 4y

H
&
$

<

LPs-i,,duCEd
2. 1,5525 um
23,125 1y
6125 41y
625, .
7.0, 7813 um
71.5625 un
73125 "

Fig. 6. Effect of 2, 6 and 7 on the relative mRNA expression levels of iNOS and
COX-2 in LPS-activated RAW 264.7 cells. RAW 264.7 cells were pretreated with
different concentrations of tested compounds for 30 min, followed by LPS
treatment for 24h. RNA was extracted and used in the gRT-PCR reaction.
###p < 0.001 vs untreated controls. p < 0.05, “p < 0.01and ““p < 0.001
vs LPS treated cells.

moieties were connected through A'®!! evidenced by the correlations
from Me-16 to C-9, C-10 and C-11. Hence, the planar structure was
established as shown. However, due to the limited quantity, using
modified method to establish the absolute configuration was failed and
the stereo chemistry was still unknown.

3.3. Proposed biosynthesis pathway

The proposed biosynthesis pathway of the new metabolites was
performed in Scheme 1. Firstly, the 3,5-dimethyloctadienone moiety
was formed by three molecules of malonyl-CoA and two molecular
SAMs (S-adenosyl methionines) based on the HR-PKS. Then, five ad-
ditional malonyl-CoAs were loaded and the following aldol condensa-
tion constructed a naphthalene nucleus, which further formed scler-
ketide A (1). Meanwhile, the azaphilone and the a-pyrone moiety could
be generated by 4 Mal-CoAs/1 SMA or 3 Mal-CoAs/1 SMA, respectively,
following by the reduction, esterification and condensation to yield 2, 7
and 12 [25,26].

Fig. 5. 'H, 'H-COSY and HMBC correlations of
compounds 7 and 12.
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3.4. Inhibitory effects of NO production

The anti-inflammatory activities of the isolated metabolites were
evaluated on the basis of their inhibition effects of NO production in the
lipopolysaccharide (LPS)-induced mouse macrophages. The summar-
ized results were presented in Table 3. Compounds 2, 6, 7, 10 and 12
exhibited potential inhibitory effect against the production of NO with
the ICsq values in the range of 2.5-18.0 uM, of which sclerketide C (7)
was the most active (ICsq = 2.7 uM). However, it also showed moderate
cytotoxicity with the ICso values of 14.8 uM (Selective Index = 5.48).
The structure-activity analysis between 6 and 7 indicated that the
terminal methoxy group made a significant contribution to the anti-
inflammatory effect as well as the cytotoxicity. In order to investigate
the possible mechanism of inhibiting NO production, the mRNA levels
of iNOS and COX-2 in LPS-induced RAW 264.7 were measured by re-
verse transcriptase-PCR (RT-PCR). Besed on the ICs, values, three dif-
ferent concentrations were selected and the results were shown in
Fig. 6. Although both compounds 2, 6 and 7 could suppress the mRNA
expression of iNOS and COX-2 in LPS-induced RAW 264.7 in a con-
centration dependent way, greater effects were observed against iNOS
and compound 7 exhibited most significant inhibitory activity com-
pared with the other compounds.

Table 3
Results of anti-inflammatory activity and cytotoxicity.
Inhibition of NO production Cytotoxicity (ICso/ S
(ICs0/1uM) uM)
2 3.4 £ 05 > 200 -
6 176 = 0.7 > 200 -
7 2.7 £ 0.5 14.8 = 1.0° 5.48
10 5.2 = 0.6 > 200 -
12 55 * 0.5 > 200 -
Indomethacin®  30.7 * 0.9 > 200 -

2 Positive control.
b Selective index.

¢ Inhibitory rate of 13% at 2.7 pM.
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Fig. 7. The molecular-modeling of compounds 2, 6 and 7.

TTT

3.5. Inhibitory effects of NO production

Next, the simulative molecular-docking analyses of compounds 2, 6
and 7 with iNOS were performed to gain insight interaction between
inhibitors and protein (Fig. 7). Both of them binded in the same cata-
lytic site of iNOS with binding energy of —9.43, —9.33 and
—10.49 kcal/mol, respectively. Notably, compounds 2 and 7 had a
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similar binding pose while 6 exhibited an opposite orientation in the
pocket. Hydrogen bond between inhibitors and guanidine group of
Arg184 or Arg306 was proposed to make the key contribution to the
inhibitory activities. The above findings suggested that these com-
pounds could be further developed as anti-inflammatory therapeutic
lead compounds.

4. Conclusions

In conclusion, four new polyketides, including an unusual naph-
thoquinone derivative (1), two azaphilone analogous (2, 7) and an a-
pyrone (12), as well as nine known compounds (3-6, 8-11 and 13)
were isolated from coral-derived fungus Penicillium sclerotiorin. Anti-
inflammatory assay suggested that compounds 2, 6 and 7 exhibited
potential activity with the possible mechanism of downregulating the
expression of iNOS and COX-2 in mRNA level. This study will make a
contribution to the chemical diversities of polyketides especially the
azaphilone derivatives and the discovery of potential anti-inflammatory
agent from marine fungi.
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