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Abstract
A new tripeptide, pre-sclerotiotide F (3), was isolated from a marine sediment-derived fungus,
Aspergillus insulicola, along with five known compounds, one of which was new at the time of
isolation, scerotiotide F (4). The absolute configuration elucidation of the new compound was
determined using a combination of NMR, HR-ESI-MS, and optical rotation analyses.
Cytotoxicities were measured in vitro against selected cancer cells. The effects of pre-sclerotiotide
F (3) and sclerotiotide F (4) on LPS-induced NF-κB and iNOS expression were also measured.
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1. Introduction
Strikingly, there are two fungal genera, Aspergillus and Penicillum that appear to be the
most favored entities for metabolomics and chemical screening ventures. For example, a
Scifinder bioorganic chemistry current awareness search for the year 2010 using these two
key words revealed hundreds of hits for each organism, Aspergillus = 287, and Penicillum =
121. We have representatives of both genera, all marine-derived, in our repository and
continue to place a greater interest on investigations involving the former. We are guardedly
optimistic in the belief that the biosynthetic products of certain marine-derived Aspergillus
strains will be different vs. those from the well-studied terrestrial counterparts. A few
illustrative examples from our past research revealing unique biosynthetic products from
marine-derived Aspergillus include: (a) an unusual diketopiperazine dimer, asperazine
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(Varoglu et al., 1997), (b) an unprecedented polyketide, asperic acid (Varoglu and Crews,
2000), and (c) halogenated polyketides, the chlorocarolides (Abrell et al., 1996). We also
recognize that there are several examples known that counterbalance these phenomena. One
extensively studied case pertains to the diketopiperazine mycotoxins, headed by gliotoxin,
which show congruence in compound profiles in culture broths from terrestrial and marine
derived strains (Ebel, 2010).

The recent results from our initial study of Aspergillus insulicola (UCSC marine-sediment
derived strain No. 088708a, identified by molecular taxonomy) adds to the record of
observing unique compounds from ocean-sourced fungi (Wu et al., 2010). The bioactive
metabolite identified in this work proved be the known cytotoxic terpene nitrobenzoyl ester,
insulicolide A (1) (Fig. 1) (Belofsky et al., 1998). It was first reported in 1997 from A.
insulicola (marine-derived) (Rahbaek et al., 1997), but subsequently described, also as a
new compound, in 1998 from A. versicolor (marine-derived). Significantly, experiments
reported in the former study proved that: (a) 1 is a taxonomic marker for three Aspergillus
species, insulicola, bridgeri and sclerotiorum, and (b) there was biosynthetic crossover
between environments because the latter fungi were terrestrial. By contrast, the other
compound we reported was the novel hexacyclic dipeptide, azonazine (2), which at this
junction appears to be unique to the marine environment. The LC-MS scans of the HP-20
subfraction shown in Fig. 2 (coded as HP3, see Supporting Information Chart S1) containing
1 and 2, revealed the presence of at least five more compounds.

Our previous account provided important background information pertaining to the possible
biogenetic origin of 2, and a summary of the bioactivities observed for 1 and 2. The details
of the scale-up culture (10L), processing via HP-20 resin, and the selection of a single wash
fraction (100% methanol, coded as HP-3, Figure 1) for further chromatography have also
been previously described. Additional LC separations provided fractions (Chart S1)
containing milligram amounts of each of these. As noted above, the fastest and slowest
retention time peaks consisting of 2 (1.1 mg) and 1 (2.2 mg) respectively were the first
targets of our structure elucidation efforts. We now report that three compounds (Fig. 2)
have been dereplicated and previously observed from terrestrial Aspergillus. These consisted
of: (−)-pseurotin A (7) (1.7 mg) (Boot et al., 2007), (−)-aspochracin (6) (2.5 mg) (Myokei et
al., 1969), and (−)-JBIR-15 (5) (1.0 mg) (Motohashi et al., 2009), the N-demethyl analog of
6. The remaining two compounds, which were undescribed at the point of our isolation-
structure elucidation, consisted of a faster retention time peak (13 min, 3.2 mg) and a slower
retention time major component (16 min, 11.7 mg). These compounds were eventually
named as (−) pre-sclerotiotide F (3), C20H30N4O5 from the (+) HR-ESI-MS quasi-molecular
ion peak at 429.21362 [M+Na]+ (calcd for C20H30N4O5Na, 429.21084), and (−)
sclerotiotide F (4) C21H32N4O5 from the HR-ESI-MS quasi-molecular ion peak at m/z
421.24650 [M+H]+ (calcd for C21H33N4O5, 421.24455). Described next are the basis for
structure assignments of this pair and the final biological activity assessments of all
compounds.

2. Results and discussion
Parallel study of compounds 3 and 4, each isolated as an amorphous powder, was warranted
as they possessed very similar properties. Both compounds contained 8 unsaturation
equivalents and the carbon types and functionalities were assessed by NMR, gHMQC,
broadband-decoupled 13C NMR, and DEPT spectra summarized in Table 1. These data
revealed for 3, a sum of 4 quaternary, 9 methine, 3 methylene, and 4 methyl carbons of
overall formula C20H27. The three remaining Hs at δ 6.44 (brd, J = 6.0 Hz), δ 7.04 (d, J =
7.2 Hz) and δ 7.20 (d, J = 9.0 Hz) were attributed to three NH groups (Amagata et al., 2006)
and an additional NCH3 (δ 3.0/30.3) was evident. Further analysis of the 13C NMR data
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revealed four amide carbonyl carbons, an isopropyl group, two trans conjugated double
bonds, further appended to an aldehyde group. Since these data accounted for all of the
atoms in the molecular formula, it was then clear that a macrocyclic ring was needed to
rationalize the remaining unsaturation.

The 1H–1H COSY and gHMBC correlations shown for 3 in Figure 2 were used to assemble
four substructures. These consisted of (a) (2E,4E)-6-oxohexa-2,4-dienamide, (b) ornithine,
(c) NMe-valine, and (d) alanine. The data in Fig. 3 also allowed the connectivity sequence
between these moieties to be established as shown in the final structure of (−) 3. Similar
logic was used to establish the gross structure of (−) 4, which was the NMe-alanine analog
of 3. Further evident was that this pair was closely related to (−) 5 and (−) 6 by replacement
of their terminal carbon propenyl group by an aldehyde moiety. Both 5 and 6 have been
shown to possess all L-amino acid subgroups, thus it was tempting to assign the amino acid
residues in 3 and 4 as also all L-containing. This conclusion was buttressed by the following
observations. On completion of our work we discovered that (−) 4 had been isolated and
characterized from Aspergillus sclerotiorum and assigned the same overall structure
including double bond geometries and absolute configurations we deduced (Zheng et al.,
2010). Further consistent were NMR data J value comparisons, indicating the same 2α, 8β,
and 12β relative configurations for 3 based on J’s of H-2/H-3a (7.2 Hz), H-2/H3b (0.6 Hz),
H-2/H-19 (7.2 Hz), H-8/H-9 (7.2 Hz), and H-12/H-13 (10.2 Hz) versus those in 4 of (H-2/
H-3a (7.2 Hz), H-2/H3b (1.2 Hz), H-2/H-19 (6.6 Hz), H-8/H-9 (7.2 Hz), and H-12/H-13
(10.2 Hz)). Also consistent were the results from NOE analysis of 3, irradiating the proton
H-8, significant NOE enhancements were obtained at H-6, H-12, H-17 and H-18. When
irradiating the proton H-12, significant NOE enhancement was also obtained at H-8, but no
enhancement was observed at H-2. Hence, H-8 and H-12 were on the same plane, which
was opposite to that of H-2. Finally the absolute configurations of C-2, C-8, and C-12 of 3
were probed using experimental vs. calculated electronic optical rotation (OR) data. The
B3LYP/6-311++G(b.p) method was used to confirm the absolute configuration (Frisch et
al., 1998) as this approach is emerging as a powerful tool in the absolute configuration
analysis of natural products (McCann and Stephens, 2006).The [α] values for the two
enantiomeric configurations of 3 were calculated as follows: 2S, 8S, 12S = − 31.22 vs. that
for 2R, 8R, 12R = + 0.76. The former orientation (all L-configuration amino acids) was in

agreement with the experimental .

Unfortunately, no new useful insights were obtained about the bioactivity properties of the
compounds isolated here. It is now clear that the previously reported selective and potent
cytotoxicity of the EtOAc crude extract of the initial small-scale culture (125 mL) is entirely
due to insulicolide A (1) (see SI Table S1). Compounds 2–7 were each inactive at 1 mg/mL
against murine lymphocytic (L1210), Colon 38, human colon adenocarcinoma (HCT-116),
and human lung adenocarcinoma (H125) (Amagata et al., 2006; Subramanian et al., 2006).
Additionally, 3 and 4 were in active at 100 µM for in vitro cytotoxicity against human
prostate (PC3), human breast adenocarcinoma (MCF-7) and murine macrophage (RAW)
cancer cell lines using an MTT method (Wu et al., 2005). Finally, this pair of compounds
exhibited no inhibition of NF-kB and iNOS when tested in the presence of LPS (Gilmore,
2006; Naylor, 1999).

A final issue pertains to 3 and 4 as being authentic natural products or artifacts of isolation.
A recent publication showed that 6 could be converted into 4 by prolonged exposure to
oxygen (Zheng et al., 2010). Clearly shown in Fig. 2, is that 3 and 4 were both observed
early in the isolation process. This intimates that both compounds are bonafide constituents
produced in the culture broths rather than arising from the post-isolation work-up.
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3. Experimental
3.1. General experimental procedures

The optical rotations were determined on a Jasco DIP 370 digital polarimeter and UV data
were obtained on an Agilent 8453 UV/Vis spectrophotometer. All NMR spectra were
recorded in CDCl3 or CD3OD with 5mm resonance (HCN) probe. Chemical shifts are
reported in ppm relative to CDCl3 (δH 7.27) and CD3OD (δH 3.31). A Mariner ESI mass
spectrometer was used for low- and high-resolution mass measurements. Both ELSD and
UV (254 nm) were used for peak detection. Semipreparative reverse-phase (RP) HPLC used
a C-18 4 µm column, 10 × 250 mm and UV peak detection 254 nm. Compound purity (>
95%) was confirmed using both 1H and 13C NMR and LCMS (UV and ELSD detection)
experiments.

3.2. Fungal material
Strain 088708aZA, from shallow water marine sediment collected in Hawaii, was cultured
as previously described5 via our standard methods.18 It was identified as Aspergillus
insulicola via molecular methods as previously described 5 and the isolation of insulicolide
A (1), considered as a taxonomic marker for this genus,6 was consistent with this. The
fungus is maintained as a cryopreserved glycerol stock at UCSC.

3.3. Fermentation, extraction, and isolation
The large-scale culture (10 L) was grown in Czapek-Dox media made with artificial
seawater-based media adjusted to pH 7.0 with shaking (150 rpm) for 21 days at room
temperature (23 °C). The broth and mycelia were separated through vacuum filtration and
the broth was extracted with Hp20 resin. The Hp20 resin extraction was washed with water
(Hp1) followed by 50% methanol/water (Hp2), methanol (Hp3), and isopropanol (Hp4) and
the solvent was concentrated in vacuo. After LCMS analysis, Hp3 (443.2 mg) was subjected
to RP-HPLC (30 – 50% acetonitrile / 0.1% formic acid-water, 50mins), and 42 fractions
(F1~F42) were collected. Further purification of F11 yielded 2 (1.1 mg), F13 yielded 7 (1.7
mg), F17 via RP-HPLC yielded 3 (3.2 mg), F19 yielded 5 (1.0 mg) and 6 (2.5 mg), F24
yielded 4 (11.7 mg), and F34 yielded 1 (2.2 mg).

3.3.1. Pre-sclerotiotide F (3)—White amorphous solid,  (c 0.1, MeOH),
UV (MeOH) λmax (log ε) 201.0 (4.06) and 272.0 (3.98) nm, HR-ESI-MS [M+Na]+ m/z
429.21362 (calcd for C20H30N4O5Na, 429.21084), 1H and 13C NMR data (CDCl3) see
Table 1.

3.3.2. Sclerotiotide F (4)—White amorphous solid,  (c 0.1, MeOH), UV
(MeOH) λmax (log ε): 201.0 (4.19) and 272.0 (4.29) nm, HR-ESI-MS [M+H]+ m/z
421.24650 (calcd for C21H33N4O5, 421.24455), 1H and 13C NMR data (CDCl3) see Table 1.

Highlights

► Seven compounds were isolated from a marine sediment-derived fungus, Aspergillus
insulicola. ► Pre-sclerotiotide F (3) was a new tripeptide. ► Compounds 3 and 5 were
the N-demethyl analogs of 4 and 6. ► Cytotoxicities of compounds 1–7 were measured
in vitro against selected cancer cells.
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Fig. 1.
The structures of compounds 1–7.
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Fig. 2.
LC-ELSD trace of the semi-pure extract fraction pursued for the isolation work.
Compound Name Codes: insulicolide (1), (+) azonazine (2), pre-sclerotiotide F (3),
sclerotiotide F (4), JBIR-15 (5), aspochracin (6), and pseurotin A (7).
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Fig. 3.
Key 1H-1H COSY and HMBC correlations observed for 3.
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Table 1

NMR Data for Pre-sclerotiotide F (3) and Sclerotiotide F (4) a

Pre-sclerotiotide (3) Sclerotiotide F (4)

position δH, mult. (J in Hz) δC, type δH, mult. (J in Hz) δC, type

1 173.1, C 172.6, C

2 5.05, ddd (7.2, 7.2, 0.6) 49.7, CH 5.00, ddd (7.2, 6.6, 1.2) 49.8, CH

3 2.37, m, 1.71, m 28.2, CH2 2.39, m, 1.69, m 28.3, CH2

4 1.76, m, 1.58, m 21.8, CH2 1.70, m, 1.58, m 21.7, CH2

5 3.48, m, 2.95, m 39.9, CH2 3.34, m, 3.12, m 39.7, CH2

6 6.44, brd (6.0) 5.80, t (6.0)

7 172.5, C 171.3, C

8 4.19, dq (9.0, 7.2) 51.7, CH 4.63, q (7.2) 55.3, CH

9 1.45, d (7.2) 19.3, CH3 1.52, d (7.2) 16.7, CH3

11 170.8, C 169.1, C

12 4.98, d (10.2) 58.4, CH 5.11, d (10.2) 58.7, CH

13 2.39, m 26.3, CH 2.43, m 26.9, CH

14 0.75, d (6.6) 17.8, CH3 0.75, d (7.2) 17.9, CH3

15 0.96, d (6.0) 19.7, CH3 0.92, d (6.6) 19.8, CH3

17 7.20, d (9.0) 3.05, s 29.8, CH3

18 3.00, s 30.3, CH3 2.98, s 30.3, CH3

19 7.04, d (7.2) 6.89, d (6.6)

20 163.4, C 163.2, C

21 6.40, d (15.0) 132.0, CH 6.34, d (15.0) 131.8, CH

22 7.38, dd (15.0, 11.4) 137.5, CH 7.38, dd (15.0, 11.4) 137.7, CH

23 7.13, dd (15.0, 11.4) 147.5, CH 7.15, dd (15.0, 11.4) 147.4, CH

24 6.41, dd (15.0, 8.4) 136.5, CH 6.41, dd (15.0, 7.8) 136.6, CH

25 9.65, d (8.4) 193.0, CH 9.96, d (7.8) 193.0, CH

a
Spectra were recorded in CDCl3 at 600 and 150 MHz for 1H and 13C NMR, respectively (TMS as internal standard).
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