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Marinactinones A-C, new y-pyrones from marine
actinomycete Marinactinospora thermotolerans

SCSIO 00606

Fazuo Wang!, Xinpeng Tian!, Caiguo Huang?, Qingxin Li! and Si Zhang!

Three new y-pyrones named marinactinones A-C (1-3) were isolated from marine-derived actinomycete Marinactinospora
thermotolerans SCSIO 00606. These structures were elucidated by extensive spectroscopic methods. All three new compounds
were evaluated for cytotoxic effects on six cancer cell lines and inhibitory activities of DNA topoisomerase 1l. Compounds 1-3
exhibited moderate cytotoxicities against SW1990, HepG2 and SMCC-7721 cell lines, and compound 2 showed weak DNA
topoisomerase Il inhibition activity. This is the first report on the chemical constituents and their biological activities from

Marinactinospora, a novel genus of marine actinomycetes.
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INTRODUCTION
Numerous secondary metabolites with novel structures and distinct
biological activities have been discovered from marine actinomycetes,
which represent new resources having great potential for novel drug
exploration.'™ In our efforts to search for new antitumor compounds,
organic extracts of more than 2000 actinomycete strains isolated from
sediments of the northern South China Sea were screened by brine
shrimp lethality assays.>® Among them, the ethyl acetate extracts of a
strain Marinactinospora thermotolerans SCSIO 00606 exhibited good
cytotoxic activity. The subsequent chemical investigation on this strain
resulted in the isolation of three new y-pyrone derivates, namely,
marinactinones A-C (1-3).

v-Pyrone natural products constitute a large class of biologically
active compounds, and most of them were derived from marine
organisms.” To the best of our knowledge, marinactinones A-C (1-3)
were the first three y-pyrone natural products with a methylhexyl side
chain. Previously, we described M. thermotolerans as a novel marine
actinobacterial genus.® Herein, we report the isolation, structure
elucidation of the three new 7y-pyrones (1-3) from the strain
M. thermotolerans SCSIO 00606, and we also evaluated the new
compounds for their cytotoxicities against six human cancer cell
lines and their potential to inhibit DNA topoisomerase II. This is
the first report on the chemical constituents from this new group of
marine microbes and their biological activities.

RESULTS AND DISCUSSION

Structure determination

Marinactinone A (1) was obtained as pale yellow oil. Its HR-ESI-MS
gave a [M+H]* ion peak at m/z 253.1812 (caled for [M+H]*
253.1804), in combination with 'H and !3C NMR data (Table 1),
suggesting the molecular formula to be C;5H,4NO;. The 1D NMR
data for 1 indicated one carbonyl, five quarternary carbons, one
methine, four methylenes and five methyls. Heteronuclear single
quantum coherence experiments revealed all the connective relation-
ship between the proton and carbon signals in 1. The IR absorptions
at 1670 and 1602cm™!, the absorption at 253.5nm in the UV
spectrum, together with the signals at é 99.3 (C-3, s), 118.2 (C-5,
s), 158.4 (C-6, s) and 162.1 (C-2, s) p.p.m. in the 1>*C NMR spectrum
showed the presence of y-pyrone moiety.” Furthermore, the HMBC
correlations from H-14 (6 1.84, s, 3H) to C-2, C-3 and C-4, from
H-15 (0 1.93, s, 3H) to C-4, C-5 and C-6 and from 2-OMe (6 3.95, s,
3H) to C-2 (Figure 2) confirmed that the skeleton of 1 is 6-substituted
2-methoxy-3,5-dimethyl-4H-pyrane-4-one. Detailed NMR analyses
including 1D NMR, IH-1H double-quantum-filtered correlation
spectroscopy and HMBC, showed the presence of one methine, four
methylenes and two methyls, indicating that the substitution at C-6
positions was a 5-methylhexyl group. The HMBC correlations from
H-7 (0 2.58, t, J=7.5Hz, 2H) to C-6, C-7 (¢ 30.7, t) and C-8 (0 27.3, t)
confirmed the link between y-pyrone moiety and the 5-methylhexyl
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Table 1 'H NMR (500 MHz) and 13C NMR (125 MHz) data for
compounds 1-3 in CDClI3

1 2 3
Position 8¢ Sy (Jin Hz) d¢ Sy (Jin Hz) d¢ Sy (J in Hz)
2 162.1 162.1 162.1
3 99.3 99.8 99.8
4 181.1 180.6 180.6
5 118.2 123.9 124.0
6 158.4 158.6 158.6
7 30.7 2.58(2H,t,7.5) 304 257 (2H,t, 7.5 304 257 (2H,t, 7.5)
8 27.3 1.62 (2H, m) 27.7 1.63 (2H, m) 27.4 1.63 (2H, m)
9 26.9 1.33(2H, m) 27.1 1.36 (2H, m) 29.0 1.31(2H, m)
10 38.6 1.21(2H, m) 38.7 1.22 (2H, m) 31.7 1.31(2H, m)
11 27.9 1.53 (1H, m) 27.9 1.54 (2H, m) 29.2 1.31(2H, m)
12 22.6 0.88(3H,d,6.6) 226 0.87(3H,d, 7.00 14.1 0.87 (3H, m)
13 22.6 0.87(3H,d,6.6) 226 0.87(3H,d, 7.00 226 0.87 (3H, m)
14 6.9 1.84(3H,s) 6.8 1.84(3H,s) 6.8 1.84 (3H, m)
15 10.0 1.93(3H,s) 18.0 2.43(2H,q,7.5) 18.0 2.43(2H,q,7.5)
16 13.7 1.06 (3H,t,7.5) 13.7 1.06(2H,t,7.5)
2-OMe 55.6 3.94 (3H, s) 55.2 3.94 (3H, s) 55.2 3.94 (3H,s)

1R=H
2R=Me 3

Figure 1 Structures of marinactinones A-C (1-3).

group (Figure 2). Taken together, compound 1 was identified as 2-
methoxy-3,5-dimethyl-6-(5-methylhexyl)-4H-pyran-4-one (Figure 1).
Marinactinone B (2) was isolated as pale yellow oil. The HR-ESI-
MS showed the [M+H]" ion peak at m/z 267.1978 (calcd for [M+H]*
267.1960), establishing the molecular formula as C;gH,503. The UV,
IR and 1D NMR showed it probably had a similar structure of
compound 1. Detailed comparison of the 1D NMR spectra of 2 and
1 revealed that the presence of an ethyl group at C-5 in 2, instead of a
methyl group at C-5 in 1 (Table 1). Consistently, the 'H NMR
spectrum of 2 showed the two proton signals at ¢ 2.43 p.p.m. (H-
15, q, J=7.5Hz), and the >*C NMR spectrum showed the presence of
one methylene carbon at  18.0 p.p.m. (C-15, t) in 2. Furthermore, the
HMBC correlations from H-16 (8 1.06, t, J=7.5Hz) to C-5 (J 123.9, s)
and C-15, from H-15 to C-4 (6 180.6, s), C-5, C-6 (0 158.6, s) and
C-16 (0 13.7, q) in 2 (Figure 2) confirmed the slight difference between
2 and 1. Conclusively, the structure of 2 was elucidated as 2-methoxy-
3-methyl-5-ethyl-6-(5-methylhexyl)-4H-pyran-4-one (Figure 1).
Marinactinone C (3) was isolated as pale yellow oil. The molecular
formula of 3 was determined as C;sHpcO3 by HR-ESI-MS at m/z
267.1973 (caled for [M+H]* 267.1960). The structure of 3 was
established by comparing its spectroscopic data with those of 1 and
2. Compound 3 was first confirmed to have the same 6-substituted 2-
methoxy-3-methyl-5-ethyl-4H-pyran-4-one skeleton as of 2; however,
a 4-methylhexyl group at C6, instead of the 5-methylhexyl group at
C-6 in 2, was present in compound 3. The conclusion could be drawn
from the detailed comparisons of the NMR data of 3 and 2. The
carbon signals of C-9 (6 27.1, t), C-10 (6 38.7, t), C-11 (6 27.9, d) and
C-12 (6 22.6, q) in 2 were replaced by two methylene (5 29.0, t,
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Figure 2 Selected 'H-!H double-quantum-filtered correlation spectroscopy
and HMBC correlations for compounds 1-3.

C-9; 6 29.2, t, C-11), one methine (4 31.7, d, C-10) and one methyl
(6 14.1, g, C-12) in 3, consistent with the changes of proton signals in
the '"H NMR spectrum (Table 1). Furthermore, the heteronuclear
single quantum coherence and HMBC correlations also supported the
corresponding changes (Figure 2). Thus, compound 3 was established
as  2-methoxy-3-methyl-5-ethyl-6-(4-methylhexyl)-4H-pyran-4-one.
The C-10 was only one chiral center of compound 3, but we could
not confirm its configuration for sample limitation.

Compounds 1-3 were evaluated for their cytotoxicities against
MCEF-7, SW1990, HepG2, NCI-H460, SMCC-7721 and HeLa cancer
cell lines with 5-fluorouracil as a positive control. From our observa-
tions, compounds 1-3 exhibited moderate cytotoxicities to SW1990,
HepG2 and SMCC-7721, but no significant cytotoxicities to other cell
lines (Table 2). Subsequently, compounds 1-3 were tested for inhibi-
tory effects on in vitro DNA topoisomerase II enzymatic activity. Only
compound 2 exhibited dose-dependent weak inhibition activity on
topoisomerase II, with ICs, value of 607 pm (Figure 3).

METHODS

General

Optical rotation was recorded on PerkinElmer Model 341 polarimeter
(PerkinElmer Inc., Waltham, MA, USA). UV spectra were recorded on
Beckman DU 640 spectrophotometer (Beckman Coulter Inc., Brea, CA,
USA). IR spectra were taken on Bruker VECTOR22 IR spectrophotometer
(Bruker Corporation, Ettlingen, Germany) in KBr disks. 'H-, >C-NMR and
DEPT spectra and 2D NMR were recorded on a Bruker AVANCE DRX-500
spectrometer using TMS as internal standard, and chemical shifts were
recorded as 0 (p.p.m.) values. ESI-MS were measured with an API 2000
LC/MS/MS Mass Spectrometer (AB SCIEX, Foster City, CA, USA) HR-ESI-MS
spectra were measured on a Waters Q-Tof Micro mass spectrometer (Waters
Corporation, Milford, MA, USA). Semi-preparative HPLC was performed
using an ODS column (YMC-Pack ODS-5-A, 250x 10 mm, 5 pm, 3 ml min~ 1)
and monitored by UV detector.

Actinomycete material

M. thermotolerans SCSIO 00606 was isolated and identified by Dr Xinpeng Tian
from a sea sediment sample collected from site E103 (21°30.658'N 115°25.580’F;
black soft mud at 114 m depth) in the northern South China Sea in September
2006. It was preserved in Key Laboratory of Marine Bio-resources Sustainable
Utilization, South China Sea Institute of Oceanology, Chinese Academy of
Sciences. Working stocks were prepared on ISP 2 agar medium slants (Yeast
extract 4.0g, Malt extract 5.0g, Dextrose 4.0g, Agar 20.0g, Seawater 1.01)
modified with seawater instead of distilled water, stored at 4 °C.

Fermentation, extraction and isolation
The strain SCSIO 00606 was inoculated into 500 ml Erlenmeyer flasks contain-
ing150 ml liquid medium (soluble starch 10.0g, yeast extract 10.0 g, KH,PO,
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Table 2 In vitro cytotoxicity and inhibition of topoisomerase Il catalytic activities of compounds 1-3

Cytotoxicity (ICsg, uM)

Compound MCF-7 cells SW1990 cells HepG2 cells NCI-H460 cells SMCC-7721 cells Hela cells Topoisomerase Il inhibition (ICsp, uM)
1 —a 119 56 — 37 — —
2 — 99 — — 45 — 607
3 — — 75 — 56 — —

aNo significant activity at 10 ugml—1.

Relaxed DNA
Linear DNA
Supercoiled DNA

Relaxed DNA
Supercoiled DNA

Figure 3 Assay for DNA topoisomerase Il activity and inhibitory activity.
(a) DNA topoisomerase |l activity, lane 1-6, plasmid DNA (pBV220) 0.5 g +
topoisomerase 11 O, 0.5, 1, 1.5, 2 and 4 pl; lane 7, maker; lane 8, pBV220
0.5 ug; (b) DNA topoisomerase Il inhibitory activity by marinactinone B, lane
1, pBV220 0.5 pg; lane 2-8, same as lane 1 + topoisomerase Il (1U, 2pul)
+0, 12.5, 25, 50, 100, 200 and 400 pgmI~! marinactinone B (2).

0.5g, cornmeal 3.0g, glucose 20.0g, MgSO4-7H,0 0.5g, beef extract 3.0g,
CaCO5 2.0g and 30.0 g sea salt dissolved in 1.01 distill water, pH 7.0), followed
by shaking incubation at 180 r.p.m. for 9 days at 28 °C. The fermented whole
broth (45.01) was filtered through cheesecloth to separate into supernatant and
mycelia. The former was concentrated under reduced pressure to about a quarter
of the original volume and then extracted three times with ethyl acetate to give an
ethyl acetate solution (crude extract 15.0 g), whereas the latter was extracted three
times with acetone/H,O (80:20). The acetone solution was concentrated under
reduced pressure to afford an aqueous solution. The aqueous solution was
extracted three times with ethyl acetate to give another ethyl acetate solution
(crude extract 5.0g). Both ethyl acetate solutions were combined and concen-
trated under reduced pressure to give a crude extract (20.0 g).

The crude extract (20.0g) was separated into 13 fractions on a silica gel
column using a step gradient elution of petroleum ether/CHCl3/MeOH. The
fraction 5 (753.2mg) was subjected on Sephadex LH-20 eluting with CHCl5/
MeOH (1:1), and thereafter followed by silica gel column chromatography
using a stepwise gradient elution of petroleum ether—acetone, to yield subfrac-
tion 5-3-2 (117.0mg). The subfraction 5-3-2 was further purified by semi-
preparative HPLC (75% MeOH, 3.0 ml min~!), to give compound 1 (5.0 mg, tg
16.9min), 2 (4.5mg, fg 21.8 min) and 3 (2.0mg, g 23.4min).

Physico—chemical properties

Marinactinone A (1): obtained as pale yellow oil (CHCl3); UV (MeOH) Apax
(log £) 208.9 (4.02), 253.5 (3.94) nm; IR (KBr) Ve cm™! 2925, 1670, 1602,
1467, 1415, 1320, 1250, 1158; HR-ESI-MS m/z 253.1812 [M+H]" (calcd for
Ci5H,503, 253.1804); 'H NMR (CDCl3, 500 MHz) and '*C NMR (CDCls,
125 MHz; see Table 1).

Marinactinone B (2): obtained as pale yellow oil (CHCl3); UV (MeOH) Z,ax
(log &) 212.3 (3.99), 254.6 (3.89) nm; IR (KBr) vpe cm~! 2930, 1668, 1600,
1458, 1402, 1247, 1170; HR-ESI-MS m/z 267.1978 [M+H]" (calcd for
C1¢H,,05, 267.1960); 'H NMR (CDCl;, 500 MHz) and '3C NMR (CDCl,,
125 MHz; see Table 1).

Marinactinone C (3): obtained as pale yellow oil (CHCl3); [«]3+3.0 (c 0.1,
CHCL); UV (MeOH) Amg (log ) 213.5 (4.00), 253.5 (3.91) nm; IR (KBr)
Vimax cm~ ! 2929, 1670, 1600, 1465, 1410, 1258, 1172; HR-ESI-MS m/z 267.1973
[M+H]* (caled for CigHy0s, 267.1960); '"H NMR (CDCl;, 500 MHz) and
13C NMR (CDCls, 125 MHz; see Table 1).

Cytotoxicity assays

Cytotoxicity was evaluated by the MTT (3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide) method!® using MCF-7, SW1990, HepG2,
NCI-H460, SMCC-7721 and HeLa cell lines. The cell lines were grown in
RPMI-1640 supplemented with 10% fetal bovine serum under a humidified
atmosphere of 5% CO, and 95% air at 37°C. A volume of 200 pl of those cell
suspensions at a density of 1x 10 cells per ml was plated in 96-well microtiter
plates and incubated for 24h at the above condition. Then 2 pl of the test
compound solutions (in DMSO) at different concentrations was added to each
well and further incubated for 72 h in the same condition. A volume of 20 pl of
the MTT solution (5mgml~! in IPMI-1640 medium) was added to each well
and incubated for 4 h. A volume of 150 pl of an old medium containing MTT
was then gently replaced by DMSO and pipetted to dissolve any formazan
crystals formed. Absorbance was then determined on a SpectraMax Plus plate
reader (Molecular Devices Inc., Sunnyvale, CA, USA) at 570 nm.

Assay for topoisomerase II inhibition in vitro

Compounds 1-3 were also screened for their ability to inhibit topoisomerase 11
enzymatic activity,!'~!3 with etoposide as positive control. The plasmid pBV220
was purified with the AxyPrep Plasmid midiPrep Kit (Axygen Biosciences,
Union City, CA, USA) from ampicillin-resistant Escherichia coli. Active DNA
topoisomerase II was obtained from SD (Sprague Dawley) rat liver cells. The
reaction volumes were 20l in an assay buffer (200mm Tris-HCl, pH 7.5,
340 mm KCl, 40mm MgCl,, 20Mm dithiothreitol, 120 ugml’1 bovine serum
albumin and 4 mm ATP) containing 1 unit of topoisomerase II (2 ul) and 5 pg
plasmid pBV220 (4 pl). Samples were solubilized using DMSO and tested for
inhibitory activity at the final concentrations of 0, 12.5, 25, 50, 100, 200 and
400 pgml~!. The reaction mixtures were incubated at 37°C for 30 min and
terminated by adding 10 volume of loading buffer (5% sarkosyl, 0.0025%
bromophenol blue, 25% glycerol). Reaction products were electrophoresed on a
0.7% agarose gel in Tris-acetate-EDTA running buffer containing ethidium
bromide (0.5 ugml™!) at 80V for 30 min. For the visualizing and quantitative
analyses of topoisomerase II activity, the gels were directly scanned with
Quantity One software (Bio-Rad Laboratories, Hercules, CA, USA) and the
area representing supercoiled DNA was calculated. Concentrations for 50%
inhibition (ICs,) were determined by interpolation from plots of topoisome-
rase II activity versus inhibitor concentration.
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