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Abstract

A new epitetrathiodioxopiperizine, secoemestrin D (1), five sesterterpenoids bearing a new carbon
skeleton, emericellenes A-E (2-6), together with previously known fungal metabolites,
sterigmatocystin (7), arugosin C (8), and epiisoshamixanthone (9), were obtained from the
endophytic fungal strain Emericella sp. AST0036 isolated from a healthy leaf tissue of Astragalus
lentiginosus. The planar structures and relative configurations of the new metabolites 1-6 were
elucidated using MS, 1D and 2D NMR spectroscopic data. All compounds were evaluated for
their potential anticancer activity using a panel of six tumor cell lines and normal human fibroblast
cells. Only metabolites 1 and 7 showed cytotoxic activity. More importantly, secoemestrin D (1)
exhibited significant cytotoxicity with I1Csgs ranging from 0.06-0.24 uM and moderate selectivity
to human glioma (SF-268) and metastatic breast adenocarcinoma (MDA-MB-231) cell lines.

Fungal endophytes that colonize internal tissues of healthy plants represent one of the largest
but least-explored sources of small-molecule natural products.24 These fungi are a
fundamental feature of plant biology in biomes ranging from Arctic tundra to tropical
rainforests and hot deserts.* Although interactions between endophytes with their hosts are
not fully understood in most cases, many endophytes produce bioactive small-molecule
natural products that may protect hosts from herbivores, plant pathogens, and abiotic
stressors such as drought.® Despite the fact that the existence of endophytes were first
observed over a century ago, this group of microorganisms did not receive significant
attention until the recent realization of their ecological relevance* and the potential to yield
metabolites with diverse structures and biological functions.® In the course of our ongoing
studies directed towards the discovery of potential anticancer agents':’ and isolation of
compounds new to the NIH Molecular Libraries Small-Molecule Repository (MLSMR), we
have investigated a large number of endophytic fungi among which Emericella sp. AST0036
was found to be one of those promising. Emericella species are the perfect states of
Aspergillus, a common genus of Ascomycota (Trichocomaceae, Eurotiales, Eurotiomycetes,
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Pezizomycotina),8 and it is noteworthy that both Emericella and Aspergillus species are
known to produce carcinogenic mycotoxins.®

An EtOAc extract derived from a solid (potato dextrose agar, PDA) culture of the
endophytic fungal strain, Emericella sp. AST0036, isolated from a healthy leaf tissue of
Astragalus lentiginosus (spotted locoweed, Fabaceae) was found to be active in the resazurin
(alamarBlue®) cell viability assay for cell proliferation/survival.” Bioactivity-guided
fractionation of this extract provided a new epitetrathiodioxopiperizine, named secoemestrin
D (1), and five new sesterterpenes, emericellenes A—E (2-6), together with sterigmatocystin
(7),20 arugosin C (8),11 and epiisoshamixanthone (9)12 of which 1 and 7 were found to be
cytotoxic. Metabolites 2—6 contain a hitherto unprecedented bicarbocyclic sesterterpene
molecular scaffold which we have named as emericellane skeleton. Herein we report the
isolation, characterization, and biological evaluation of 1-9 from Emericella sp. AST0036.
Previous investigations of Emericella species have led to the identification of mycotoxins,?
xanthones, 13 epithiodiketopiperazines,14 variecolin-type sesterterpenoids,® and steroids.16

RESULTS AND DISCUSSION

Secoemestrin D (1) was obtained as an off-white amorphous solid that analyzed for
Cy7H24N»0gS4 by a combination of HRESIMS and NMR data and indicated 17 degrees of
unsaturation. The positive APCI-LRMS ion at m/z505 [M — S4]* (base peak) suggested the
presence of a tetrasulfide moiety in 1 and IR absorption bands at 1720 (sh), 1682, and 1663
cm~L indicated that it contained an ester and two amide groups. The 13C NMR spectrum of 1
displayed 27 signals consisting of 2 methyl, 2 methylene, 12 methine (of which 10 were
aromatic/olefinic), and 11 quaternary (of which 3 were carbonyls and 6 were aromatic/
olefinic) carbons as judged by the DEPT spectrum. The signals due to carbonyl groups at 6.
168.3 and 164.0 and those at 6. 78.7 and 74.2 due to quaternary carbons bearing the sulfide
moiety were typical of epipolythiodioxopiperazines.1” The presence of signals due to a
dihydrooxepine moiety [y 6.58 (1H, brd, J= 1.6 Hz), ., 138.6 (CH); 844 6.28 (1H, dd, J =
2.4,8.0 Hz), 6; 139.4 (CH); 6 4.82 (1H, dd, J = 2.0, 8.4 Hz), 8. 106.6 (CH); &4 5.46 (1H,
ddd, J=2.0, 2.4, 8.4 Hz), 8 71.5 (CH); 8y 5.33 (1H, dd, J = 2.0, 8.4 Hz), 8. 61.7 (CH); and
8¢ 108.2 (C)], and a prominent peak at m/z 465 (C19H17N204S,) in the HREIMS due to the
facile loss of the hydroxy and methoxy-substituted benzoic acid moiety from [M + H]*
suggested that the structure of 1 closely resembled that of secoemestrin C;.18 The IH NMR
spectrum of 1 (Table 1) also exhibited signals due to a 1,3,4-trisubstituted benzene ring [&
7.81(1H,d, J=2.0 Hz), 6.98 (1H, d, J=8.8 Hz), and 7.85 (1H, dd, J=8.4, 2.0 Hz)],a 1,4-
disubstituted benzene ring [6 6.74 (2H, d, J = 8.4 Hz), 7.08 (1H, d, J = 8.4 Hz)], a benzylic
methylene attached to a chiral center [8 3.23 and 3.96 (1H each, d, J = 14.8 Hz)], an allylic
methylene [8 3.12 (m)], an OMe (& 4.01) and an NMe (& 3.19) groups. The dihydrooxepine
and epitetrathiodioxopiperazine partial structures and all the above moieties were joined
together with the help of HMBC correlations (Figure 2) suggesting that secoemestrin D is an
epitetrathiodioxopiperizine analogue with the gross structure as depicted in 1. The coupling
constant (8.4 Hz) for protons at C-5a and C-6 indicated that their relative configurations in
secoemestrin D (1) to be B similar to those reported for emestrin.1’

Emericellene A (2), obtained as a colorless amorphous solid, was determined to have the
molecular formula Cy5H3g0, by a combination of HRESIMS and NMR data and indicated
seven units of unsaturation. Its TH NMR spectrum (Table 2) exhibited signals due to three
olefinic protons [6 5.60 (1H, d, J=12.6 Hz), 4.85 (1H, d, J = 11.2 Hz), and 5.10 (1H, brt, J
= 6.8 Hz)], two terminal oxirane protons [§ 2.67 (1H, d, J=4.4 Hz) and 2.41 (1H,d, J=4.4
Hz)], four vinylic methyl singlets (8 1.63, 1.60, 1.50, and 1.48), and an aldehyde proton [8
9.28 (s)]. The 13C NMR spectrum of 2 (Table 2) which displayed 25 carbon signals, when
analyzed by DEPT and HSQC data indicated the presence of four CHs, ten CHo, six CH
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(including the CHO at § 209.8 and three olefinic carbons at § 130.8, 126.0, and 125.0), and
five quaternary carbons (including three olefinic carbons at § 135.0, 132.4, and 131.2).
These data suggested that 2 is a bicyclic sesterterpenoid bearing a CHO attached to a tertiary
carbon. Analysis of IH-1H COSY and TOCSY spectra of 2 suggested the presence of the
spin systems CH3-C=CH-CH,-CH-CH,—-CH, (A), CH3-C=CH-CH,-CH> (B), CHo—
CH,—CH (C), and (CH3),C=CH-CH,—CH> (D). These were linked together via quaternary
carbons with the help of its HMBC data (Figure 2). Of significance were the HMBC
correlations of H-3 and H-7 to C-5 linking spin systems A and B via C-4, those of H-7 to
C-6 and C-9 connecting spin systems B and C via C-8, and those of H-2 and H-10 to C-15
linking C-1 of A with C-11 of C via C-15 suggesting the presence of a 12-membered
carbocyclic ring system in 2. The attachments of C-20 of the spin system D and the CHO
moiety to C-15 were inferred from the HMBC correlations of H-11/C-20, CHO/C-15, CHO/
C-20, and CHO/C-11. The spin systems A-D, CHO, and the quaternary carbon C-15
accounted for C3H»60 and five units of unsaturation and the remaining C,H,0 and two
units of unsaturation suggested the presence of another cyclic moiety in addition to the
terminal oxirane ring (see above). The HMBC correlations of each of the CH, protons of
this terminal oxirane moiety to C-11 and C-13 and H-11 to the remaining carbon (C-12) of
this moiety suggested that the terminal CH, of the spin system A is connected to the CH
terminal of the spin system C via C-12 generating a [9,3,1] bicarbocyclic ring similar to that
of verticillane-type diterpenenoids. However, the presence of the spin system D at C-15
suggested that 2 is a sesterterpenoid containing a new emericellane-type skeleton. The
relative stereochemistry including the disposition of CHO and terminal oxirane groups in 2
were determined by the application of NOE data to the MM2 energy-minimized
conformation for the confirmed E-configuration of the C3—C,4 and C7—Cg double bonds. The
CHO showed strong NOE to CH3-18 and CH3-19 suggesting that these groups lie on the
same side of the molecule and that CHO at C-15 has equatorial a-orientation. Strong NOE
correlations observed between one of the CH, protons of the terminal oxirane and H-9a,
H-9a with H-7a, and H-7a with H-11a suggested that this oxirane is of -orientation.
Emericellene A was thus identified as (+)-12f,17-epoxy-emericella-3E,7E,22-trien-16-al

).

Emericellenes B-E (3-6) were also obtained as colorless amorphous solids and were
determined to have the common molecular formula, Cy5H3g03, on the basis of their
HRESIMS and NMR data indicating seven units of unsaturation and the presence of an
additional oxygen atom compared to emericellene A (2). Comparison of H and 13C NMR
data of 3-6 (Table 2) with those of 2 indicated that they all contained the basic
emericella-3E,7E,22-triene carbon skeleton, additional evidence for which was obtained by
the analysis of their HMBC and NOESY data (see Supporting Information, S25 and S26,
respectively). The most significant difference observed for emericellene B (3) was the
absence of signals at 8 9.28 (s) and 8¢ 209.8 (CH) but the presence of a signal due to a
quaternary carbon at 8¢ 181.7 suggesting that the aldehyde group in 2 is oxidized to a
carboxylic acid leading to 3. The relative configurations of the C3—C4 and C;—Cg double
bonds and the chiral centers at C-1, C-11 and C-12 in 3 were shown to be the same as those
of 2 by its NOESY data (Supporting Information, S26). Considering the possible
biosynthetic origin of 3 from 2, the configuration at Cq5 of 3 was assumed to be the same as
that of 2. The foregoing led to the identification of emericellene B as (+)-12,17-epoxy-
emericella-3E,7E,22-trien-16-oic acid (3).

Comparison of 1H and 13C NMR data (Table 2) of emericellene C (4) with those of 3
suggested that in 4 the terminal oxirane moiety of 3 [64 2.74 and 2.41 (each 1H, d, J=4.0
Hz); 8¢ 50.2 (CH,) and 57.6 (C)] is replaced by a CH,OH moiety on a double bond [64 4.21
(2H, s) and 5.83 (1H, br d, J = 2.4 Hz); 8¢ 65.4 (CH,), 139.1 (C), and 121.4 (CH)]
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suggesting that the 12,17-oxirane in 3 has undergone a ring opening reaction with
concomitant rearrangement to a 12,13-en-17-ol moiety giving rise to 4 (for probable
biosynthetic pathway from 3 to 4, see Supporting Information, S27). The presence of this
moiety in 4 was confirmed by the HMBC data which showed correlations of H-17 (5 4.21)
with C-11 (5 34.4), C-12 (5 139.1), and C-13 (8 124.1) (Supporting Information, S25). The
strong NOESY observed for H-13 and H-17 suggested Z configuration for the C1,—Cq3
double bond. Thus, emericellene C was identified as (+)-17-hydroxy-emericella-3E,7E,12Z,
22-tetraen-16-oic acid (4).

The 1H and 13C NMR spectroscopic data of emericellene D (5) (Table 2) and comparison of
these data with those of 3 revealed absence of the signals due to the terminal oxirane moiety,
but the presence of a CH-CHO moiety [6y 9.77 (1H, d, J = 4.8 Hz); ¢ 204.8 (CH) and 6y
2.44 (m); 8¢ 53.7 (CH)] suggesting that the 12,17-epoxide moiety in 3 has undergone a
concomitant ring opening and rearrangement to an aldehyde moiety (for probable
biosynthetic pathway from 3 to 5, see Supporting Information, S27). The orientation of the
CHO group at C-11 of 5was determined as a by the strong NOESY observed between CHO
and H-7 (Supporting Information, S26). These data led to the identification of emericellene
D as (+)-emericella-3E,7E,22-trien-17a-al-16-oic acid (5).

Comparison of the 1H and 13C NMR data (Table 2) of emericellene E (6) with those of 5
suggested that they have similar structures except for the configuration of the CHO group at
C-12 which was evident from the chemical shift and multiplicity of the NMR signals for
CHO [6y 9.77 (1H, d, J = 4.8 Hz); ¢ 204.8 (d) for 5, and & 10.14 (br s); 8¢ 205.7 (d) for
6], and H-12 [8y 2.44 (m); 8¢ 53.7 (CH) for 5, and &y 2.52 (m); 8¢ 45.2 (CH) for 6]. The
orientation of the CHO group at C-11 of 6 was confirmed to be p by the strong NOEs of
CHO with H-20, and H-12 with H-11 (Supporting Information, S26). These data led to the
identification of emericellene E as (+)-emericella-3E,7E,22-trien-17p3-al-16-oic acid (6).
Although the purified epimeric aldehydes 5 and 6 did not undergo any interconversion, it
cannot be ruled out that only one of these is the genuine natural product and the other is an
artifact formed as a result of epimerization during the isolation process (see Supporting
Information, S27). Compounds 7-9 were identified as sterigmatocystin (7),10 arugosin C
(8),11 and epiisoshamixathone (9)12 respectively, by comparison of their low-resolution MS
and NMR spectroscopic data with those reported.

All compounds were evaluated for their potential anticancer activity using a panel of six
tumor cell lines, NCI-H460 (human non-small cell lung cancer), SF-268 (human CNS
cancer; glioma), MCF-7 (human breast cancer), PC-3M (metastatic human prostate
adenocarcinoma), MDA-MB-231 (human breast adenocarcinoma), CHP-100 (human
neuroblastoma), and normal human fibroblast cells, WI-38. Of those tested, secoemestrin D
(2) exhibited strong cytotoxic activity with some selectivity against the six cancer cell lines
compared to normal human fibroblast cells; among the six cell lines used, a moderate
selectivity was observed for SF-268 and MDA-MB-231 (Table 3). Sterigmatocystin (7)
showed moderate cytotoxicity with no apparent selectivity (Table 3). Metabolites 2—6 and
8-9 were found to be devoid of any cytotoxic activity up to a concentration of 5.0 M. It is
noteworthy that epipolythiodioxopiperazines have previously been studied for their
antitumor activity and their mechanism of cytotoxicity has been suggested to be related to
conjugation to the targets with susceptible thiol residues and subsequent inactivation or due
to the generation of reactive oxygen species involved in redox cycling.1® The mycotoxin,
sterigmatocystin (7), has been reported to be cytotoxic to cultured Chinese hamster cells,20
and to have 80-fold higher toxicity to the A-549 lung cancer cell line compared to Hep-G2
liver cells.2! The structures of emericellenes A—E (2-6) represent a unique class of
sesterterpenoid metabolites bearing a novel emericellane-type bicarbocyclic ring system.
Biosynthetically, emericellenes may be formed from geranylfarnesyl diphosphate by a
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cyclization pathway (Figure 5) similar to the formation of verticillane-type diterpenoids
from geranylgeranyl diphosphate.22

EXPERIMENTAL SECTION

General Experimental Procedures

Optical rotations were measured with a Jasco Dip-370 polarimeter using MeOH as the
solvent. UV spectra were recorded with Shimadzu UV 2601 spectrophotometer. IR spectra
were obtained on a Shimadzu FT IR-8300 spectrophotometer. 1D and 2D NMR spectra
were recorded with a Bruker Avance 111 400 NMR instrument at 400 MHz for 1H NMR and
100 MHz for 13C NMR. Chemical shift values (5) are given in parts per million (ppm) and
the coupling constants are in Hz. Low-resolution and high-resolution MS were recorded on
Shimadzu LCMS-DQ8000a and JEOL HX110A spectrometers, respectively. HPLC
purifications were carried out on a 10 x 250 mm Phenomenex Luna 5p C18 (2) column with
Waters Delta Prep system consisting of a PDA 996 detector. MM2 energy minimizations of
possible conformations of emericellenes were performed using CambridgeSoft Chembio3D
Ultra.

Fungal Isolation and Identification

In June 2008, a healthy individual of Astragalus lentiginosus (spotted locoweed, Fabaceae)
was collected from an open, disturbed area in the Verde Valley of central Arizona
(34°34'5"N, 111°51'25", 965 m.a.s.l.). Healthy leaves were washed in tap water and cut into
ca. 2mm? segments that were surface-sterilized by agitating sequentially in 95% EtOH for
30 sec, 0.5 % NaOClI for 2 min, and 70% EtOH for 2 min.23 A total of 32 tissue segments
was surface-dried under sterile conditions and then placed onto 2% malt extract agar in
100mm Petri plates. Plates were sealed with Parafilm and incubated under ambient light/
dark condition at room temperature (ca. 21.5 °C) for 4 months. Emergent fungi were isolated
into pure culture on 2% MEA, vouchered in sterile water, and deposited as living vouchers
at the Robert L. Gilbertson Mycological Herbarium at the University of Arizona. One
fungus of interest was used for the present study: isolate AST0036, which has been
accessioned at the Robert L. Gilbertson Mycological Herbarium (accession AST0036). Total
genomic DNA was isolated from fresh mycelium23 and the nuclear ribosomal internal
transcribed spacers and 5.8s gene (ITS rDNA,; ca. 600 base pairs [bp]) was amplified as
single fragment by PCR.22 Positive amplicons were sequenced bidirectionally as described
previously.23 A consensus sequence was assembled and basecalls were made by phred?4 and
phrap?® with orchestration by Mesquite,28 followed by manual editing in Sequencher (Gene
Codes Corp.). Because the isolate did not produce diagnostic fruiting structures in culture,
we compared the entire sequence against the GenBank database using BLAST.2” The top
BLAST matches were primarily to cultured and uncultured Emericella. To clarify the
phylogenetic placement and taxonomic assignment of AST0036, we downloaded the top
100 BLAST matches from GenBank and aligned AST0036 and the resulting data set
automatically using MUSCLE (http://www.ebi.ac.uk/Tools/msa/muscle/) with default
parameters. The alignment was trimmed so that starting and ending points were generally
consistent with the sequence length for AST0036 and adjusted manually in MacClade?8
prior to analysis. The type species of Penicillium (P. expansum) was chosen as the outgroup
taxon. The final data set consisted of 39 sequences and 561 characters. The data set was
analyzed using maximum likelihood in GARLIZ® using the GTR+I+G model of evolution as
determined by ModelTest,3C followed by a bootstrap analysis with 1000 replicates. The
analysis unequivocally placed the sequence with strong support within Emericella (see
Supporting Information, S28). Several species of Emericella shared the same ITSTDNA
sequence with one another, but AST0036 was not 100% similar to any sequence in the
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analysis nor to any sequence available in GenBank. Therefore, we designate it as Emericella
sp. AST0036, pending morphological description.

Cultivation and Isolation of Metabolites of Emericella sp

The fungus was cultured in 40 T-flasks (800 mL), each containing 135 mL of PDA coated
on five sides of the flasks, maximizing the surface area for fungal growth (total surface area/
flask ca. 400 cm?). After incubation for 14 days at 28 °C, MeOH (250 mL/T-flask) was
added and the flasks were shaken in an ultrasonic bath for 1 h at 25 °C, and the resulting
extract was filtered through a layer of Celite 545. The filtrate was concentrated to about one-
third of its volume in vacuo below 40 °C and was extracted with EtOAc (3 x 1500 mL). The
EtOAc extract was concentrated to afford the crude extract (1.49 g). This extract which
showed cytotoxicity activity was fractionated on a reversed-phase (RP) C-18 (40u ; 100.0 g)
open column. The column was eluted sequentially with 80% ag. MeOH (1.0 L), 90% ag.
MeOH (1.0 L), and 100% MeOH (500 mL) and the resulting fractions were combined based
on their TLC (SiO,; CHCIl3-MeOH, 95:5) profiles to afford eight combined fractions A-H.
Of these, fractions B and D were found to be cytotoxic. Fraction B (144.7 mg) was subjected
to chromatographic separation on a column of Si gel (70 g) and eluted with CHCl3—~MeOH
(98:2) to afford 1 (3.5 mg). Fraction D (69.0 mg) was further purified by Si gel column
chromatography (50 g) and eluted with CHCl;—MeOH (98:2) yielding 7 (62.1 mg).
Fractions E (50.7 mg) and F (96.7 mg) were combined and purified by Si gel (50 g) column
chromatography and elution with CHCl3—MeOH (98:2) followed by RP-HPLC purification
(C-18; 90% ag. MeOH) gave 4 (16.6 mg, tg =10.0 min). Further fractionation of G (350 mg)
by Si gel (50 g) column chromatography and elution with CHCI3—MeOH (99:1) followed by
purification by HPLC (C-18; 90% aq. MeOH) afforded 3 (26.7 mg, tgr =22.5 min), 5 (5.6
mg, , tgr =18.5 min), 6 (8.6 mg, tg =20.0 min), and 8 (25.9 mg, tg =21 min). Fraction H (285
mg) on purification by Si gel (20 g) column chromatography and elution with CHCl3—
MeOH (99:1) yielded 2 (10.9 mg) and 9 (10.2 mg).

Secoemestrin D (1): off-white amorphous solid; [a]?® p —230.9 (c 0.05, MeOH); UV
(MeOH) Amax (log €) 210 (4.37), 260.5 (3.93), 295.5 (3.67) nm; FT-IR (KBr) vinax 1720
(sh), 1682, 1663 cm™L; 1H NMR and 13C NMR data, see Table 1; Positive HRESIMS m/z
655.0310 (calcd for Co7H24N,0gS4Na, 655.0313).

Emericellene A (2): colorless amorphous solid; [a]?° p 15.7 (¢ 0.05, MeOH); UV (MeOH)
Amax (109 €) 201 (3.78) nm; FT-IR (KBr) vmax 1718 cm™L; 1H NMR and 13C NMR data, see
Table 2; Positive HRESIMS m/z 370.2878 (calcd for CosH3g0,, 370.2872).

Emericellene B (3): colorless amorphous solid; [a]%® p 55.9 (¢ 0.05, MeOH); UV (MeOH)
Amax (109 €) 203 (4.11) nm; FT-IR (KBr) vmax 1705 cm™1; 1H NMR and 13C NMR data, see
Table 2; Positive HRESIMS m/z 387.2893 (calcd for CosH3g03+H, 387.2899).

Emericellene C (4): colorless amorphous solid; [a]?° p 106.9 (c 0.05, MeOH); UV (MeOH)
Amax (109 €) 206.5 (4.22) nm; FT-IR (KBr) vmax 1701 cm™1; 1H NMR and 13C NMR data,
see Table 2; Positive HRESIMS m/z 369.2787 (calcd for CosH3903-H,0+H, 369.2794).

Emericellene D (5): colorless amorphous solid; [a]?° p 59.0 (c 0.05, MeOH); UV (MeOH)
Amax (10g €) 202.5 (3.94) nm; FT-IR (KBr) vmax 1713 (br.) cm™%; 1H NMR and 13C NMR
data, see Table 2; Positive HRESIMS m/z 387.2905 (calcd for CosH3903, 387.2899).

Emericellene E (6): colorless amorphous solid; [a]%® p 24.3 (c 0.05, MeOH); UV (MeOH)

Amax (109 €) 201 (3.77) nm; FT-IR (KBr) vimax 1708 (br.) cm™%; 1H NMR and 13C NMR
data, see Table 2; Positive HRESIMS m/z 387.2896 (calcd for CosH3903, 387.2899).
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Cytotoxicity Assay

The resazurin-based colorometric (alamarBlue) assay’ was used for evaluating in vitro
cytotoxicity of samples against human non-small cell lung (NCI-H460), human CNS glioma

S
M
®

F-268), human breast (MCF-7), human metastatic breast adenocarcinoma (MDA-
B-231), human prostate adenocarcinoma (PC-3), metastatic prostate adenocarcinoma
C-3M), human neuroblastoma (CHP-100) cancer cell lines, and human lung fibroblast

(WI-38) cells. Doxorubicin and DMSO were used as positive and negative controls,
respectively.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Structures of metabolites 1-9 from Emericella sp. AST0036
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Figure 2.
Key HMBC correlations for secoemestrin D (1)
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4
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Figure 3.
Significant HMBC and TOCSY correlations for emericellene A (2)
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Figure 4.
Key NOE correlations for emericellene A (2)
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Figure5.
Possible biosynthetic pathway to emericellane-type sesterterpenoids
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1H (400 MHz, CDCl3) and 13C NMR Data (100 MHz, CDCl5) for Secoemestrin D (1)

Table 1

position 3, type 8y (JinH2)

1 168.3,C

3 78.7,C

4 164.0,C

5a 61.7,CH 5.33,dd (2.0, 8.4)

6 715, CH 546,ddd (2.0,2.4,8.4)

7 106.6,CH 4.82,dd (2.0, 8.4)

8 139.4,CH 6.28,dd (2.4, 8.0)

10 138.6,CH  6.58, brd (1.6)

10a 108.2,C

11 41.3,CH, 3.12,m

1la 74.2,C

1 166.2,C

2 123.0,C

3 116.4,CH 7.81,d (2.0)

4 145.2,C

5' 150.8,C

6' 110.0,CH 6.98,d (8.8)

T 123.8,CH 7.85,dd (2.0, 8.4)

g 56.0,CH; 4.01,s

1" 126.2,C

2", 6" 130.7,CH 7.08,dd (8.4)

3", 5" 115.7,CH 6.74,d (8.4)

4" 155.1,C

7 385,CH, 3.23,d(14.8)
3.96,d (14.8)

J Nat Prod. Author manuscript; available in PMC 2014 December 27.

Page 14



Page 15

Xu et al.

EHO '¥'ST S'SP'T  EHO VST S'U¥T  EHO'9'ST S'0ST ®HO ‘GST S'6F'T  CHO 6V S'08°T 6T
EHO 'v'9T $'€9T  ®HO'6'9T $'YST  EHO'L'9T $/GT  CHO V9T $/GT EHO'e'ST s'8y'T 8T
1) (')
pIVre pIYe
(zZH8Y) 07) (v)
HO ‘2502 S'YT0T  HO '8'v0C pLL6  CHO 'v'S9 S‘T¢Y  °HO ‘20§ pP'vLe  CHO'0O6Y p19C LT
27181 2'7'08T o Jrara:is 2,181 HO '8'602 $'8C'6 9T
208 208 29§ 2795 21§ ST
W '6S'T w'g.T w‘s0'z w97 w'e9'T
°HO ‘972 w'e6T °HO'Z'9C w'v0z  °HO 'v'6C w'ysz  “HO '6'SZ w'zez °HO 'Sz w'szz T
Ww'eL'T w'9g'T (r'2) w'oz'T w'sz'T
CHO 'L'T2 w'/zz  °HO 'vee w'e6'T  HO'T¥ZT pig‘eg's  CHO ‘9'ee w'tez  HO ‘e w'Tee €T
HO ‘Z'st w'zsz  HO'L'€S w'vr'z O 'T6ET 2'9'/G 299§ 45
(00T ‘2'9) (91T '2'6) (9°6) (z6)
HO ‘'9've pp'Lz€  HO'6'CE PP LT HO'¥YE $19°92'¢  HO'0E poT'e  HO'eve poze 1T
(8€T ‘'2°0T) (8721'872T'8°2)
w'gg'T W'zt PpPIq ‘26°0 ppp ‘'08°0
CHO 'T'¥e Ww'g6'T  °HO'S'/Z Ww't8T  °HO '8YZ w'GT  HO'Y'Te W'eST °HO'STZ W'eT'T 0T
w'e0'z w97 w ‘g0z w'zLT woLT
CHO 'T'L€ w'oTZz  °HO'6'LE w6T  CHO'9'8E W/TZ  ZHO '8'6E w00z  °HO'9'6E w'e0'Z 6
J'veetT J'eeetT 2°0°€eT 2'9'€eT 2'7'ZeT 8
(8'0m) (8'01) (z11) (8'01) (zTD)
HO ‘T'82T pIg 0Ly  HO'062T pigd 69y HO '6'82T pIq 18y HO‘L'8ZT pIg 99y  HO ‘8'0ET pig ‘sgy L
w20z w00z w6t w667 w'y0'z
°HO 'Z'9Z w'er'z  HO '¥'9C w'or'z  °HO'L'9C W'/pz  “HO'€'9Z w'or'z  °HO '¥'92 w'zr'z 9
w102 w ‘g0z Ww'te'T w102 w90z
CHO '0'TY w'gTz  CHO'€TY w'sTZ  °HO'0'TY W'eTe  HO'T'TY w'TZ  °HO'60V w'zze S
2'TseT 2'G'GeT 2'G'GeT 2'9'GeT D'0°GeT 12
(om) (o11) (9171) (911) (921
HO ‘6'%2T pig 0SS HO ‘61T pig‘6y's  HO ‘61T pIgd LTS HO'0¥ZT pIgLy'S  HO'092T pig ‘09'G €
w'e0'z w'v0'z w'e0'z
w20 (a9 w ‘6’7 (@Y1 Tyt 'vy) (YT TYT 'v'S)
CHO ‘'0'vE W'z CHO'TY¥E uq'8sz  CHO 'vvE w'oge  HO'‘eve ppp ‘S5z °HO ‘L€ ppp ‘€9'2 Z
HO ‘'Y w'/6T  HO'ETy w'90z  HO'e6E W'eTZ  HO'Ley w'goz  HO'e6e w20 T
adA1®Q  (zHuir) Hg adA1°Q (zHuir) Hg 2df1°Q (zHuir) He adA) g (zH uir) He adA) g (zHuir) Hg  uonsod

9

S

14

NIH-PA Author Manuscript

.(9-2) 3 saus|eousWI 1oy (510AD ‘ZHIA 00T) Bed YN g1 PUB (€10AD ‘ZHIN 00%) Hy

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Nat Prod. Author manuscript; available in PMC 2014 December 27.



Page 16

Xu et al.

'sisayjuated ui ase zH ul sjuesuod Burjdnod ‘endads DgINH pue ‘DOSH ‘ASOD Hp-Hp o sisAjeue ay Aq paubisse atom sfeubis

EHO ‘9'LT $'GST  PHO'9LT $'/ST  PHO'9LT $'/ST  PHO'SLT $'ST  PHO'YW'LT $‘09'T 14

€HO ‘9'5Z S'Y9T  ®HO‘LGe $'99T  ®HO‘L'Ge $'G9T  ®HO'L'Se S'Y9T  ®HO'L'Ge S'€9T vz

2°02eT 2°0ZET 2 'V'IET J'¢TET 2TTIET 4
(09'09'21) (89) (1) (z'2) (89)

HO '8'€ZT PPP ‘00'S  HO ‘T¥eT uQ‘90'S  HO‘6veT uq'v0'S  HO ‘8veT uQ‘TT'S  HO‘0'SeT uq ‘0T'S ra4
w 06’1 W '68'T w'se'T WL WGt

°HO '9'ST w'gpz  °HO'T'Se Ww'eTz  °HO'0'Se w'zgze  °HO'6'Se w'oTe  HO'T¥e w ‘g0’z 12
w'gs'T w'sy'T w'/S'T w'69'T

°HO ‘v'.€ W'gsT  °HO‘GYE w'9e'T °HO ‘g€ Ww'69T °HO 'T'LE w'ge’z  °HO‘8TE w9t 0z

adf1®Q  (zHuir) He adf1°Q (zHuir) He adA1°Q (zHuir) Hg adA) °Q (zH uir) He adA) 29 (zHuir) He  uonsod

9

S

14

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Nat Prod. Author manuscript; available in PMC 2014 December 27.



Page 17

Xu et al.

1se1qoaqly Bun| uewny = §E-|A ‘BLIOISE|GOINaU UBWNY = 00T-dHD ‘BWOUIdIBI0USpE 1583l Uewny
= T£2-9IN-VAIA ‘BWOUIDIRI0UaPE 81e1s0id Uewiny 911eIselsw = NE-Od 49oued 1sealq uewny = Z-4JN ‘(ewon]B) Jaoued SND Uewny = g9g-4S $4aoued Bunj 1189 [[ews-uou uewny = Q9yH-1ON :Aa

q

"paIsal JION = LN "S|041u02 aAeBau pue aAnIsod se pasn a1em QSN pue uroignioxoq ‘I Ui uoneinsp prepuels  anfea 0G| se passaldxe aie sHnsay,

NIH-PA Author Manuscript

1IN 0T'0%¥6.°0 G0'0'0¥89'0  €0°0¥.¢0
1IN 1N 9v'0¥SL'¢c  OV'0+ECE
T0'0¥7¢’'0  TO'0+0T'0 T0'0¥900 TO0¥.T0

80'0¥G€'0 v0'0+¥T€'0  TO'0FS0'0  uwIignioxod
€6'0¥€9'C  92°0¥96C  SSOFIYE L
TO0F¥T'0 TO0F¥900  TO0FSTO T

8E-IM  00T-dHO TE€C-dN-VAW WNE-Od

Ul 1P

L-40N 89¢-4S 097 H-ION

punodwo)

e(2) unsAoolewbuLs pue (T) @ ULISBWS0I3S 10} BIed ANIDIX0101AD

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Nat Prod. Author manuscript; available in PMC 2014 December 27.



