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ABSTRACT: From the fermentation mycelium of the endophytic fungus Edenia gomezpompae were obtained several phytotoxic
compounds including two new members of the naphthoquinone spiroketal family, namely, palmarumycin EG1 (1) and
preussomerin EG4 (4). In addition, preussomerins EG1−EG3 (7−9) and palmarumycins CP19 (2), CP17 (3), and CP2 (6), as well
as ergosta-4,6,8(14),22-tetraen-3-one (5), were obtained. Compounds 2, 3, and 5 are new to this species. The structures of
palmarumycins CP19 (2) and CP17 (3) were unambiguously determined by X-ray analysis. The isolates and mycelium organic
extracts from four morphological variants of E. gomezpompae caused significant inhibition of seed germination, root elongation,
and seedling respiration of Amaranthus hypochondriacus, Solanum lycopersicum, and Echinochloa crus-galli. The treatments also
affected respiration on intact mitochondria isolated from spinach.
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■ INTRODUCTION
In a previous investigation we described the major antifungal
components from Edenia gomezpompae, an endophytic fungus
isolated from Callicarpa acuminata (Verbenaceae).1,2 Thus,
bioassay-guided fractionation of the active mycelium extract led
to the isolation of four naphthoquinone spiroketals, namely,
palmarumycin CP2 (6), and preussomerins EG1 (7), EG2 (8),
and EG3 (9). Preussomerins 7−9 displayed significant growth
inhibition against three endophytic fungi (Colletotrichum sp.,
Phomopsis sp., and Guignardia manguifera) isolated from the
same host plant and against four economically important
phytopathogenic microorganisms (Phytophthora capsici, Phy-
tophthora parasitica, Fusarium oxysporum, and Alternaria
solani).2

As part of our systematic search for potential pesticide agents
from E. gomezpompae and its morphological variants, the
isolation, structure elucidation, and phytotoxic properties of
additional naphthoquinone spiroketals were undertaken. It is
important to point out that the morphological variants of E.
gomezpompae have not been investigated previously. Four
morphological variants were cultivated using fermentation in
potato dextrose broth under static conditions. The phytotoxic
effects of mycelia extracts and compounds were assessed on
seed germination, root elongation, and seedling respiration of
Amaranthus hypochondriacus, Solanum lycopersicum, and Echino-
chloa crus-galli. In addition, the effects on respiration in intact
mitochondria isolated from spinach leaves were investigated.

■ MATERIALS AND METHODS
General Experimental Procedures. Melting points were

measured in a Fisher−Johns apparatus and are uncorrected. The IR
spectra were obtained using KBr disks on a Perkin-Elmer 599-B
(Waltham, MA, USA) spectrophotometer. UV spectra were obtained

on a Shimadzu 160 UV (Shimadzu Scientific Instruments Inc.,
Columbia, MD, USA) spectrometer in MeOH solution. Optical
rotations were taken on a JASCO DIP 360 (JASCO, Easton, MD,
USA) polarimeter. NMR spectra including COSY, NOESY, HMBC,
and HSQC experiments were recorded on a Bruker DMX500 (Bruker,
Billerica, MA, USA), in CDCl3, at either 500 (1H) or 125 (13C) MHz,
using tetramethylsilane (TMS) as an internal standard. EI mass spectra
were performed using a Hewlett-Packard 5890 (Hewlett-Packard, Palo
Alto, CA, USA) mass spectrometer. X-ray analysis of compounds 2
and 3 was accomplished on a Bruker Smart apex diffractometer
(Bruker) equipped with graphite-monochromated Mo Kα radiation (λ
= 0.71073 Å). Open column chromatography was on silica gel 60
(70−230 mesh, Merck, Rahway, NJ, USA). Analytical and preparative
TLC separations were performed on precoated silica gel 60 F254 plates
(Merck).

Fungal Material. The fungal strain of E. gomezpompae was isolated
from surface-sterilized leaves of C. acuminata collected at the
Ecological Reserve “El Eden”, Quintana Roo State, Mexico. A
specimen of the plant was deposited at the University of California,
Riverside, Herbarium (2641. L.M. Ortega-Torres). Cultures of the
fungus were preserved by lyophilization in N2. Subcultures were
obtained in several culture media, such as potato dextrose agar (PDA),
V8 agar, and others. Dried cultures of this fungus have been deposited
at the J. H. Miller Mycological Herbarium (GAM) of the University of
Georgia and in the fungus collection of Herbario Nacional de Mex́ico
(MEXU), UNAM, under accession numbers GAM 16175 and MEXU
25346, respectively.1,2

Morphological variants of E. gomezpompae were obtained: C1c,
C1e, C1e2a, and C1e2b. Figure 1 shows characteristic culture
morphology of E. gomezpompae variants. It is noteworthy that the
variants were stable and did not revert after >10 transfers.
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Fermentations of Morphological Variants of E. gomezpom-
pae. Each morphological variant of E. gomezpompae (C1c, C1e,
C1e2a, and C1e2b) was cultured in Fernbach flasks (2800 mL), each
containing 1200 mL of potato dextrose broth (PDB). Each flask was
inoculated with three 1 cm2 agar plugs taken from a stock culture of E.
gomezpompae on PDA maintained at 28 °C. Flask cultures were
incubated under static conditions at 28 °C and a 12:12 h light−dark
photoperiod with a T12 30 W fluorescent light (Phillips, Chihuahua,
Mexico) for 90 days.
Extraction of Phytotoxins Produced by E. gomezpompae. At

the end of fermentation, whole broth was filtered through cheesecloth
to separate the culture medium from the mycelium. The culture
medium (Med) was subsequently extracted with CH2Cl2 (equal
volume × 5) and EtOAc (equal volume × 5). Both organic phases
were combined and filtered over anhydrous Na2SO4 and concentrated
in vacuo to yield 169 mg (C1c Med), 242 mg (C1e Med), 342 mg
(C1e2a Med), and 149 mg (C1e2b Med) of a reddish solid. The
mycelium (Myc) was macerated with 2 L of CH2Cl2 (× 5) and 2 L of
EtOAc (× 5). The combined organic phases were filtered over
anhydrous Na2SO4 and concentrated in vacuo to yield 821 mg (C1c
Myc), 979 mg (C1e Myc), 2086 mg (C1e2a Myc), and 1901 mg
(C1e2b Myc) of a reddish solid.
Isolation of Phytotoxic Compounds from E. gomezpompae.

The combined phytotoxic extracts of morphological variants from E.
gomezpompae (∼5 g) were subjected to column chromatography on
silica gel (630 g) eluting with a gradient of n-hexane/CH2Cl2 (100:0 to
0:100) and CH2Cl2/MeOH (99.9:0.1 to 50:50). From this
chromatography, 241 fractions (200 mL each) were obtained. Fifteen
fractions, F-I−F-XV, were pooled according to TLC analysis.
Bioactivity in a Petri dish bioassay showed 10 active pools (FIII−

FXII). From primary fractions V (313 mg) and VII (188 mg) eluted
with low-polarity n-hexane/CH2Cl2 (6:4), the known palmarumycins
CP2 (6) and CP17 (3) were isolated, respectively; then, they were
purified by successive recrystallizations from CH2Cl2. The yields from
this process included 128 mg of 6 and 31 mg of 3. From fraction VIII
(365.5 mg) eluted with n-hexane/CH2Cl2 (2:8) was isolated
preussomerin EG1 (7). After exhaustive washing with an n-hexane/
dichloromethane mixture (1:1), as well as recrystallization from
CH2Cl2/MeOH (99:1), 75 mg of compound 7 was obtained. Active
fraction IX (111.7 mg) eluted with 100% CH2Cl2 was purified by
successive preparative TLC (CH2Cl2 × 2) to yield preussomerin EG4
(4) (25.9 mg) and an additional 26 mg of 7. Fraction X (467 mg),
eluted with CH2Cl2/MeOH (99:1), was chromatographed on a silica
gel (135 g) column, eluting with a gradient of n-hexane/CH2Cl2

(50:50 to 0:100) and CH2Cl2/MeOH (99.9:0.1 to 50:50). Thirteen
secondary fractions were obtained (F-X1−F-X13). Fraction X-9 (140
mg), eluted with CH2Cl2/MeOH (99:1), was further resolved by
extensive preparative TLC (n-hexane/acetone 80:20) to yield 6.8 mg
of ergosta-4,6,8(14),22-tetraen-3-one (5), 24 mg of preussomerin EG3
(9), 6 mg of palmarumycin EG1 (1), and 16.6 mg of palmarumycin
CP19 (2). Primary fraction XI (870 mg), eluted with CH2Cl2/MeOH
(98:2), was rechromatographed on a silica gel (149 g) column, eluting
with a gradient of CH2Cl2/MeOH mixtures (99.9:0.1 to 50:50).
Twelve secondary fractions were obtained (F-XI1−F-XI12). From
secondary fraction XI-5 (186 mg), eluted with CH2Cl2/MeOH (98:2),
preussomerin EG2 (8) (12.1 mg) spontaneously crystallized, and after
successive recrystallizations from CH2Cl2/MeOH (9:1), 9.5 mg of
preussomerin EG2 (8) was obtained. Finally, extensive TLC (n-
hexane/acetone 80:20 × 2) of fraction XI-2 (8.5 mg) yielded an
additional 3.0 mg of palmarumycin CP19 (2) (Figure 2).

Phytogrowth-Inhibitory Bioassays. The phytogrowth inhibitory
activity of organic extracts from four morphological variants of E.
gomezpompae and pure compounds was evaluated on seed
germination, root elongation, and seedling respiration of two
dicotyledonous species, Amaranthus hypochondriacus Amaranthaceae
(amaranth) and Solanum lycopersicum var. lycopersicum (Solanaceae)
(Italian tomato; pomodoro), and one monocotyledonous plant,
Echinochloa crus-galli; Poaceae (barnyardgrass). Amaranth seeds were
purchased at a local market in Tulyehualco in Mexico Federal District,
and the tomato seeds were purchased at Semillas Berentsen, S.A. de
C.V. in Celaya, Guanajuato State, whereas barnyardgrass seeds were
collected from plants grown at the Instituto de Ecologıá (UNAM)
greenhouse.

Bioassays to test the phytotoxic effects of the organic extracts of
culture media and mycelia from morphological variants of E.
gomezpompae on seedling growth were evaluated using a Petri dish
bioassay.3,4 The pure compound and organic extracts were evaluated at
50, 100, and 200 μg/mL by dilution in agar (1%). Each treatment was
added to sterile agar in 6 cm Petri dishes prior to its solidification (∼40
°C). Pure agar (1%) was used as negative control and agar with Rival
[glyphosate: N-(phosphonomethyl)glycine] (Monsanto, Sao Paulo,
Brazil) at 50, 100, and 200 μg/mL as positive control. Thirty seeds of
each test plant were sown directly onto the agar of each Petri dish
following a complete randomized design with four replications per
treatment. The number of seeds used for each experiment was selected
so that appreciable change in O2 uptake could be detected. Petri dishes
were wrapped in Parafilm foil and randomly placed in a germination
cabinet under conditions of darkness at 27 °C. Seed germination, root

Figure 1. Morphological variants of Edenia gomezpompae: (A) colony appearance on potato dextrose agar (PDA) after 14 days at 25 °C; (B) reverse
of culture showing typical reddish-brown pigmentation.
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elongation, and seedling respiration were measured 24 h after
treatment for A. hypochondriacus, 48 h after treatment for E. crus-
galli, and 72 h after treatment for S. lycopersicum.3

Seed respiration was measured polarographically as oxygen uptake
during the germination process with a Clark-type electrode connected
to a YSI 5300A biological oxygen monitor. The seedlings were
transferred into a glass chamber containing 4 mL of air-saturated
deionized water at 27 °C. Oxygen uptake, in the presence of different
concentrations of organic extracts and pure compounds, was measured
during 3 min. The requirement for oxygen was plotted as a percentage
of the control at 100%.4

Isolation of Intact Mitochondria. Mitochondria were obtained
by employing a modification of the proposed protocol by Rödinger et
al.5 One hundred and twenty grams of fresh green and turgid spinach
leaves were washed with distilled water; then the central rib and the
apex were removed. Afterward, they were fragmented into pieces and
soaked in 200 mL of an extraction buffer (0.45 M sucrose, 15 mM
MOPS, 1.5 mM EGTA, adjusting the pH to 7.4 with KOH and adding
0.6% PVP immediately prior to its use, 0.2% BSA, 10 mM DTT, and
0.2 mM PMSF). All of these were blended in a blender in five 5 s
periods for each at maximal speed. Then, the homogenate was filtered
through a six-layer cloth filter and centrifuged at 9000 rpm for 5 min.
The pellet was discarded and the supernatant centrifuged at 16000
rpm for 10 min. The supernatant was again discarded, and the pellet
that contained mitochondria was resuspended with a fine brush in 2
mL of washing buffer (0.3 M sucrose, 10 mM MOPS, 1 mM EGTA,
adjusting the pH 7.2 with KOH and adding 0.2 M PMSF immediately
prior to its use). Later, this suspension was placed in tubes containing
Percoll concentration gradients. The gradient was previously prepared
with 6 mL of 45, 25, and 5% of Percoll and 0.3 M sucrose buffer, 10
mM MOPS, pH 7.2, with KOH. The suspension was centrifuged for
45 min at 12800 rpm. Then, the intact mitochondria formed a plug,
which was recovered on the 45% fraction of Percoll. This plug was
added to 15 mL of resuspension buffer (0.3 M mannitol, 10 mM
MOPS, 1 mM EDTA). The matrix was pH adjusted to 7.4 with KOH
by adding 0.1% BSA immediately prior to its use and centrifuged
during 15 min at 12800 rpm; finally, the pellet was resuspended in the
buffer, and resuspension buffer was added in sufficient quantity to
obtain 10 μg protein/μL (about 6 mL). The entire isolation process

was carried out at 4 °C. Protein concentration was determined
according to the method of Bradford.6

Once the mitochondria were isolated from the intact mitochondria
suspension, 500 μL was transferred into a glass chamber. Oxygen
consumption for the mitochondria at 27 °C was measured every 5 s for
3 min using a Clark-type electrode connected to a YSI 5300A
biological oxygen monitor. The extracts were evaluated at 100 and 200
μg/mL, and the pure compounds were tested at 200 μg/mL. Only 2,4-
dinitrophenol, used as positive control, was tested within the 10−800
μM concentration range. Linear regression analysis of the decreasing
oxygen concentration in each extract or pure compound quantitatively
determined oxygen consumption for the sample.

HPLC Analysis for Monitoring Secondary Metabolites
Profile of the Extracts of Morphological Variants. HPLC
analyses were performed on an Alliance 2695 system equipped with
a model 2996 photodiode array detector (Waters, Milford, MA, USA).
Analytical HPLC was performed using a reversed phase column
(Atlantis C18, 5 μm × 150 mm × 4.6 mm i.d.), at room temperature
with a flow rate of 0.6−1 mL/min. The samples were filtered through a
0.4 μm nylon filter before HPLC analysis. Control of the equipment,
data acquisition, and processing and management of chromatographic
information were performed by the Empower 2.0 software program
(Waters). The chromatograms were overlapped and colors added by
using Gimp ver. 2.8.8 software, but no modifications were made in
scale proportions.

Five milligrams of organic extracts from culture medium and
mycelium of each morphological variant was taken and dissolved in 1
mL of acetonitrile. After filtering, they were analyzed by reversed phase
HPLC using a gradient system starting with MeCN/H2O, 80:20, to
100% MeCN for 0−30 min with a flow rate of 0.6 mL/min and
maintaining this up to 40 min, with a flow rate of 1 mL/min. A known
amount of an authentic pure sample of each compound was analyzed,
and its retention time and peak size were determined. Retention times
(tR) of preussomerin and palmarumycin peaks were detected at
wavelengths of 225 nm: 8 (tR 13.9 min), 1 (tR 17.4 min), 9 (tR 18.0
min), 4 (tR 18.6 min), 7 (tR 19.5 min), 2, 3 (tR 20.1 min), and 6 (tR
23.3 min).

Statistical Analysis. Experimental results concerning the effect of
culture media and the mycelia extracts from morphological variants of
E. gomezpompae and pure compounds on phytogrowth inhibitory
activity and intact mitochondrial oxygen consumption were analyzed
by analysis of variance (ANOVA) and Tukey statistical tests7 utilizing
GraphPad Prism ver. 5.01 statistical computer software (GraphPad
software, La Jolla, CA, USA). The IC50 value (50% inhibitory
concentration) for each activity was calculated by Probit analysis8

based on the average percentage of inhibition obtained at each
concentration of the different treatments. Data are represented as
mean ± standard deviation (SD). A P value of ≤0.05 (*) was
employed to indicate statistical significance.

Palmarumycin EG1 (1). Colorless solid powder, mp 230 °C
(decomp); [α]25D = −14 (c 0.1, CHCl3); UV λmax (log ε) 328.5 (3.3),
325.5 (3.13), 314.5 (3.46), 310.6 (3.42), 300.5 (3.58), 296 (3.54), 288
(3.58), 255 (2.82), 226.5 (4.38), 212.6 (4.16); IR tmax (KBr) 3453,
3063, 1608, 1468, 1409, 1376, 1264, 1053 cm−1; 1H and 13C NMR, see
Table 2; EIMS m/z 350 [M+ (19)], 318 (100), 301 (7), 300 (7), 273
(7), 175 (7), 160 (24), 144 (7), 131 (8), 115 (5); HRMS m/z
350.11540 (calcd for C21H18O5 350.11542).

Preussomerin EG4 (4). Yellowish amorphous solid, mp 242.1−
246.0 °C; UV λmax (log ε) 360 (3.65), 332 (3.47), 315 (3.56), 281
(3.12), 258 (4.17), 243.5 (4.01), 220 (4.48) nm; IR tmax (KBr) 3434,
3085, 1690, 1642, 1593, 1473, 1365, 1331, 1291, 1230 cm−1; 1H and
13C NMR, see Table 3; ESIMS m/z 350 [M+ (100)], 332 (7), 305 (4),
192 (9), 176 (82), 174 (34), 175 (19), 147 (8), 120 (4), 91 (4), 77
(4), 55 (5); HRMS m/z 350.0788 (calcd for C20H14O6, 350.0790).

X-ray Crystallographic Analysis of Palmarumicyns CP19 (2)
and CP17 (3). Colorless crystals of dimension 0.36 × 0.18 × 0.2 mm
and yellow prisms of dimension 0.30 × 0.20 × 0.20 mm were obtained
from slow evaporation of CH2Cl2 solution, for CP19 (2) and CP17 (3),
with empirical formulas C21H18O4 and C20H14O5 and Mr = 334.35 and
Mr = 334.31, respectively. CP19 (2) crystallized in monoclinic P21 (no.

Figure 2. Structures of phytotoxic compounds isolated from the
endophytic fungus Edenia gomezpompae.
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4) and CP17 (3) crystallized in triclinic system, P-1 (no. 2). The cell
dimensions for CP19 (2) were a = 12.927(3) Å, b = 7.925(2) Å, c =
17.046(4) Å, α = 90°, β = 109.883(3)°, γ = 90°,V = 1642.2(7) Å3, Z =
4, Dcalcd = 1.352 Mg/m3, mμ 0.093 mm−1, and F(000) = 704, and
those for CP17 (3) were a = 8.5101(6) Å, b = 12.8482(9) Å, c =
15.1746(10) Å, α = 66.0760(10)°, β = 83.5180(10)°, γ =
89.6990(10)°, V = 1505.44(18) Å3, Z = 4, Dcalcd = 1.475 Mg/m3,
mμ 0.107 mm−1, and F(000) = 696. Temperature = 298(2) K. Both
compounds were irradiated with Mo Kα radiation (λ = 0.71073 Å) on
the Bruker Smart APEX diffractometer with AXS CCD area detector
using a SMART program.17 The data reduction was performed with
the SAINT program.9 Totals of 12965 and 12393 reflections were
collected, of which 6016 (Rint = 0.0644) and 5289 (Rint = 0.0324) were
independent, respectively. The structures were solved by direct
methods and refined using full-matrix least-squares on F2 using the
programs SHELXS10 and SHELXL,10 respectively. The ORTEP-311

program was used to prepare the figures. Two crystallographic
independent molecules were found in the unit cell in both compounds.
The final values S = 0.846, R1 = 0.545 and wR2 = 0.0884 were based
on 3304 reflections observed, 459 parameters for CP19 (2), and S =
0.865, R1 = 0.0362, and wR2 = 0.0728 were based on 5289 reflections
observed, 463 parameters for CP17 (3). The largest different peak and
hole were 0.400 and −0.148 e Å−3 and 0.147 and −0.162 e Å−3,
respectively.

■ RESULTS AND DISCUSSION

Morphological Variants of E. gomezpompae. The
endophytic fungus E. gomezpompae was obtained from the
leaves of C. acuminata collected at the Ecological Reserve
“Eden”; four isolates of this species corresponding to strains
C1c, C1e, C1e2a, and C1e2b were obtained. The differences in
macroscopic characteristics exhibited by these strains were
significant (Figure 1). However, microscopic characteristics and
molecular studies revealed they were from the same species;1

therefore, they were morphological variants of E. gomezpompae
(isolate C1c). The morphological characteristics of micro-
organisms can be affected during antagonistic interspecific
interactions due to their phenotypic plasticity, that is, the ability
of a single genotype to produce more than one alternative form
of morphology, physiological state, and/or behavior in response
to environmental conditions.12 Therefore, it is important to
study whether the biological activity is modified by the
morphological variants of the fungus, particularly because
many secondary metabolites of fungal origin are of economic
value due to their many and diverse biological activities.
In this context, we investigated the phytotoxic properties of

the culture media and mycelia organic extracts of four
morphological variants of E. gomezpompae as well as those of
their pure compounds. The strains were grown under static
conditions on PDB. In these conditions the mycelia of the fungi
were developed better. The culture media and the mycelia were
extracted with CH2Cl2 and EtOAc. The initial phytotoxic
activity of the resulting extracts was evaluated on seed
germination, root elongation, and seedling respiration of A.
hypochondriacus, S. lycopersicum, and E. crus-galli using a Petri
dish bioassay. According to the results summarized in Table 1,
all extracts inhibited seed germination, root elongation, and
seedling respiration of the three target species in a
concentration-dependent manner (data not shown). The
extracts from culture media were more phytotoxic than the
mycelia extracts, showing IC50 values of <200 μg/mL. The
extracts of morphological variant C1c showed the highest
phytotoxic potential.
Isolation of Phytotoxic Compounds Produced by E.

gomezpompae. TLC and HPLC chromatograms of the

morphological variant extracts exhibited similar profiles.
Therefore, the extracts were combined and fractionated by
column chromatography for chemical analysis. This process led
to the isolation of compounds 1−9, including two new
naphthoquinone spiroketals, namely, palmarumycin EG1 (1)
and a preussomerin EG4 (4), which were characterized by
extensive spectroscopic methods. In addition, known preusso-
merins EG1−EG3 (7−9) and palmarumycins CP19 (2), CP17
(3), and CP2 (6) and the ergosta-4,6,8(14),22-tetraen-3-one
(5) were obtained (Figure 2). Compounds 2, 3, and 5 are new
to this species. Compounds 6−9 were identified by comparison
with authentic samples;2 compounds 2,2 3,13,14 and 515,16 were
identified from their IR and 1H NMR spectroscopic data. These
were identical to those previously described in the literature.

Structural Elucidation of Compounds 1 and 4.
Palmarumycin EG1 (1). The molecular formula was established

Table 1. Phytogrowth-Inhibitory Activity of the Organic
Extract from Morphological Variants of Edenia gomezpompae
on the Germination, Root Elongation, and Seedling
Respiration of Amaranthus hypochondriacus, Solanum
lycopersicum, and Echinochloa crus-galli

IC50 (μg/mL)

organic
extracta seed germination

root
growth respiration

C1c Myc A. hypochondriacus >200 >200 >200
S. lycopersicum 128.7 53 96.8
E. crus-galli 112.5 197.8 66.9

C1c Med A. hypochondriacus >200 82.5 161.5
S. lycopersicum 194.5 109.9 147.3
E. crus-galli >200 15.1 56.9

C1e Myc A. hypochondriacus >200 >200 >200
S. lycopersicum >200 >200 >200
E. crus-galli >200 >200 >200

C1e Med A. hypochondriacus >200 112.2 147.9
S. lycopersicum >200 173.5 152.3
E. crus-galli 143.8 88.67 55.9

C1e2a Myc A. hypochondriacus >200 >200 >200
S. lycopersicum >200 >200 >200
E. crus-galli >200 >200 >200

C1e2a Med A. hypochondriacus >200 >200 >200
S. lycopersicum >200 >200 >200
E. crus-galli >200 >200 >200

C1e2b Myc A. hypochondriacus >200 >200 >200
S. lycopersicum >200 >200 139.1
E. crus-galli >200 >200 >200

C1e2b Med A. hypochondriacus >200 127.7 132.5
S. lycopersicum 144.1 131.8 >200
E. crus-galli 187.2 198.2 197.8

Rival A. hypochondriacus >200 115.5 114.1
S. lycopersicum >200 105.7 83.5
E. crus-galli >200 94.9 84.9

aRival = glyphosate, N-(phosphonomethyl) glycine (positive control);
Med, culture medium; Myc, mycelium.
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as C21H18O5 (13 unsaturations) by HRMS. The IR spectrum
displayed the absorption bands indicative of the presence of
hydroxyl (3453 cm−1) and aromatic groups (1608 cm−1). 1H
and 13C NMR spectra suggested that the molecule was a
deoxypreussomerin type of compound related to palmarumycin
CP19 (2). The 1,8-dihydroxynaphthalene ring system and the

substitution pattern in the nonaromatic ring in both molecules
were identical, but the third aromatic ring was different. Thus,
the two exchangeable singlets D2O at δ 7.57 (OH-6) and 7.03
(OH-9), plus the AB-spin system at δ 6.94 (d, J = 9.0 Hz; H-7)
and 6.96 (d, J = 9.0 Hz; H-8) in the 1H NMR spectrum
indicated the presence of a p-hydroquinone fragment in the

Table 2. NMR Spectroscopic Data for Palmarumycin EG1 (1) (500 MHz for 1H and 125 MHz for 13C)

position δC DEPT mult δH (mult, J in Hz) HMBC H→C NOESY

1 75.5 CH 4.85 (1H, pseudo t dd, 6.0, 7.5) C-2, -3, -5, -9, -10, OCH3 3, 2a, CH3O-1, OH-9
2 27.2 CH2 1.98 m C-1, -3, -4, 2b, 3

2.42 m C-1, -3, -4, -10 2a, 3
3 22.5 CH2 2.13 m C-1, -2, -4, -5 1, 2a, 2b, CH3O-1
4 102.5 C
5 122.1 C
6 149.5 C
7 119.2 CH 6.94 (1H, d, 9.0) C-6, -9, -10
8 120.0 CH 6.96 (1H, d, 9.0) C-6, -9, -10
9 149.4 C
10 119.5 C
1′ 121.2 CH 7.56 (1H, dd, 1.0, 7.5) C-3′, -4′, -5′, -10′ 2′, 3′
2′ 127.5 CH 7.46 (1H, dd, 7.5, 7.5) C-3′, -4′, -10′ 1′, 3′
3′ 110.4 CH 7.00 (1H, dd, 1.0, 7.5) C-1′, -4′, -5′ 2′, 1′
4′ 146.5 C
5′ 113.8 C
6′ 147.1 C
7′ 110.5 CH 7.02 (1H, dd, 1.0, 7.5) C-5′, -6′, -9′ 8′, 9′
8′ 127.6 CH 7.47 (1H, dd, 7.5, 8.5) C-6′, -7′, -10′ 7′, 9′
9′ 121.6 CH 7.57 (1H, dd, 1.0, 8.5) C-5′, -6′, -7′, -10′ 8′, 7′
10′ 134.2 C
OH-6 7.57 (1H, s) C-6, -7
OH-9 7.03 (1H, s) C-8, -9 1, CH3O-1
CH3O-1 54.2 CH3 3.48 (3H, s) C-1 1, 3, OH-9

Figure 3. X-ray crystal structure of palmarumicyn CP19 (2).
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molecule. Signals at δ 149.5 and 149.4 in the 13C NMR
confirmed this assignment. Furthermore, the correlations
observed in the NOESY and HMBC spectra supported the
presence of the hydroxyl groups at C-6 and C-9 of the
palmarumycin skeleton (Table 2). The signals and coupling
pattern in the 1H NMR spectrum for the oxymethine (δ 4.85,
H-1, pseudo-t dd, J = 6.0, 7.5 Hz) and methoxy groups (s, δH

3.48) were similar to those of palmarumycin CP19 (2),

suggesting that 1 was its 6-hydroxy analogue; the HMBC and
1H−1H NOESY data (Table 2), as well as the mass fragments

at m/z 318 and 160 were assignable to hydrobenzoquinone and

1,8-dihydroxynaphthalene subunits, respectively, were consis-

tent with this structural proposal. Finally the negative value of

Figure 4. X-ray crystal structure of palmarumicyn CP17 (3).

Table 3. NMR Spectroscopic Data for Preussomerin EG4 (4) (500 MHz for 1H and 125 MHz for 13C)

position δC mult DEPT δH (mult, J in Hz) HMBC H→C NOESY

1 202.2 C
2a 33.7 CH2 2.90 (1H, ddd, 19.5, 5.5, 2.0) C-1, -3, -4, -10 2b, 3a, 3b
2b 3.36 (1H, ddd, 19.5, 13.5, 5.5) C-1, -3, -4 2a, 3a, 3b
3a 32.7 CH2 2.50 (1H, ddd, 13.5, 13.5, 5.5) C-1, -2, -4, -5, -6, -6′ 2a, 2b, 3b,
3b 2.71 (1H, ddd, 13.5, 5.5, 2.0) 2a, 2b, 3a
4 93.3 C
5 120.0 C
6 141.4 C
7 126.0 CH 7.03 (1H, d, 9.5) C-4, -5, -6, -9, -10 8
8 120.6 CH 6.91 (1H, d, 9.5) C-5, -6, -7, -9, -10 7, OH-9
9 157.2 C
10 113.0 C
1′ 195.8 C
2a′ 33.8 CH2 2.86 (1H, ddd, 19.0, 5.5, 2.0) C-1′, -3′, -4′, -10′ 2b′, 3a′, 3b′
2b′ 3.28 (1H, ddd, 19.0, 13.5, 5.5) C-1′, -3′, -4′ 2a′, 3a′, 3b′
3a′ 32.8 CH2 2.46 (1H, ddd, 13.5, 13.5, 5.5) C-1′, -2′, -4′, -5′, -6, -6′ 2a′, 2b′, 3b′
3b′ 2.74 (1H, ddd, 13.5, 5.5, 2.0) C-1′, -2′, -4′, -5′, -6, -6′ 2a′, 2b′, 3a′
4′ 93.3 C
5′ 122.5 C
6′ 149.4 C
7′ 120.5 CH 7.62 (1H, dd, 1.0, 8.0) C-4′, -5′, -6′, -8′, -9′, -10′ 8′, 9
8′ 130.8 CH 7.39 (1H, dd, 8.0, 8.0) C-5′, -6′, -7′, -9′, -10′ 7′, 9′
9′ 121.4 CH 7.07 (1H, dd, 1.0, 8.0) C-4′, -5′, -6′, -7′, -8′, -10′ 8′, 7′
10′ 130.9 C
OH-9 11.69 (1H, s) C-1, -7, -8, -9, -10 8
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the specific optical rotation led us to propose the same S
absolute configuration at C-1 as for 2.14,17,18

Palmarumycins CP19 (2) and CP17 (3) were previously
described by Martıńez-Luis et al. as new metabolites from
Edenia sp. obtained from the leaves of Petrea volubilis L.14 The
spectroscopic and spectrometric properties of both compounds
were identical to those reported. In the present study, however,
we confirmed the structural assignments of 2 and 3 by single-
crystal diffraction X-ray analysis (Figures 3 and 4).
Preussomerin EG4 (4). Mass spectrometric analysis of

preussomerin EG4 (4) gave a molecular ion at m/z 350
(C20H14O6, 14 unsaturations), thus differing from preussomerin
EG1 (7) by 2 mass units. The infrared spectrum of 4 showed
absorption bands for a conjugated carbonyl at 1642 cm−1. As
with compound 7, the NMR spectrum contained resonances
for 1,2,3-trisubstituted and 1,2,3,4-tetrasubstituted aromatic
rings. The most obvious differences in the spectra (Table 3)
were the absence of the two vinyl signals (δC/δH 133.27/6.56
and 141.24/7.17) for the cis-olefinic nuclei of preussomerin
EG1 (7).

2 Instead, the 1H NMR spectrum of 4 displayed four
self-coupled aliphatic protons in the upfield region of the
spectrum between δ 2.50 (H-2′) and 3.36 (H-3′), which were
correlated with the signals at δ 33.8 and 32.8, respectively, in
the HSQC experiment. Two conjugated carbonyls appearing at
δC 195.8 and 202.2 were also detected in the 13C NMR
spectrum, which were assigned to C-1′ and C-1, respectively,
on the basis of the observed HMBC correlations (Table 3).
The other HMBC and NOESY correlations summarized in
Table 3, as well as the mass fragments at m/z 174, 175, and 176
observed in the MS spectrum, were in agreement with structure
4 for the new natural product,19 which was given the common
name of preussomerin EG4.
Phytogrowth-Inhibitory Activity of the Natural Com-

pounds. Natural products 2−9 were evaluated for their ability
to inhibit the seed germination, root elongation, and seedling
respiration of A. hypochondriacus, S. lycopersicum, and E. crus-
galli. Figure 5 depicts the phytotoxic effect of the isolate
compounds at 100 μg/mL. The results are expressed as
inhibition percentages. In general, the compounds tested
exhibited a significant phytotoxic effect and were more potent
as germination and root elongation inhibitors than as seedling
respiration inhibitors (Figure 5). All eight compounds reduced
the germination of the three target species. Compounds 4 and
7−9 at 100 μg/mL inhibited germination by >50%, being more
potent than the positive control Rival (glyphosate) (Figure
5A). Compounds 2, 8, and 9 were more active as root
elongation inhibitors (>50%) of A. hypochondriacus and E. crus-
galli. Only compound 8 significantly inhibited (>50%) the root
elongation of three species (Figure 5B). On the other hand, the
compounds tested also significantly inhibited the seedling
respiration of S. lycopersicum. The phytotoxic activity was
comparable to that of the positive control. Only compound 2
significantly inhibited the oxygen consumption of three
seedlings, and compounds 4 and 7 also significantly inhibited
the seedling respiration of S. lycopersicum and E. crus-galli
(Figure 5C). In summary, all compounds inhibited seed
germination, root elongation, and seedling respiration of the
three target species in a concentration-dependent manner.
Table 4 summarizes the phytotoxic effect of the isolate
compounds expressed as IC50 values. The IC50 values confirm
that, in general, compounds 2−9 were more potent as
germination and root elongation inhibitors than as seedling
respiration inhibitors.

Mitochondrial Oxygen Consumption. In an attempt to
discover potential herbicidal agents with an effect on
respiration, the phytotoxic extracts from morphological variants
of E. gomezpompae and pure compounds were further evaluated
for their capacity to inhibit mitochondrial respiration in intact
mitochondria isolated from spinach. In general, the extracts
demonstrated significant inhibition in the mitochondrial
respiratory chain at the highest test concentration of 200 μg/
mL (Figure 6). However, the inhibitory effect was low. Both
organic extracts of morphological variant C1e2a and the
mycelium extracts of morphological variants C1e were most
active on mitochondrial respiration, inhibiting its activity by
approximately 40%. It is noteworthy that extracts of
morphological variant C1e2a were the least phytotoxic on the
three plants tested (IC50 values of >200 μg/mL); however,
these were the extracts with the greatest effect on mitochondrial
oxygen consumption, indicating the presence of the phytotoxic
compounds.
Furthermore, oxygen consumption in intact mitochondria

was significantly inhibited by compounds 2−9; however the
effect was lower than that of the positive control. In general,
preussomerins were more active than palmarumycins. Pre-
ussomerins EG4 (4) and EG1 (7) and palmarumycins CP17 (3)
and CP2 (6) were more active, inhibiting 34, 26, 17, and 26%,
respectively (Figure 6).

Figure 5. Phytotoxic effect of bioactive compounds (100 μg/mL)
isolated from endophytic fungus Edenia gomezpompae on (A) seed
germination, (B) root elongation, and (C) seedling respiration of
Amaranthus hypochondriacus, Solanum lycopersicum, and Echinochloa
crus- galli. Palmarumycins CP19 (2) and CP17 (3), preussomerin EG4
(4), ergosta-4,6,8(14),22-tetraen-3-one (5), palmarumycin CP2 (6),
and preussomerins EG1 (7), EG (8), and EG3 (9). A positive value
represents inhibition; a negative value represents stimulation. Vertical
bars represent SD, n = 4; (∗)P < 0.05.
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HPLC Analysis of Secondary Metabolites Production
from Extracts of Morphological Variants. Preussomerin
and palmarumycin contents in morphological variants of E.
gomezpompae were analyzed by HPLC (Figure 7). The
chromatographic profiles showed that the four variants showed
differences in the concentration of the major components
(Table 5). These results could be due to the phenotypic
plasticity of E. gomezpompae; accordingly, each phenotype, with
different morphology and different biological activity, exhibited
also important differences in chemical compound production.
The highest activity on mitochondrial respiration of culture

broth extracts of morphological variants C1e and C1e2a could
be associated with the presence of many peaks in the
chromatographic region from 0 to 7 min, which should be
further investigated. On the other hand, the highest activity
against seed germination, root elongation, and seedling
respiration of C1c, C1e, and C1e2b culture media extracts

can be associated with the presence in high amounts of
preussomerin EG3 (8), and the highest inhibitory activity of
C1c of mycelium extracts was associated with the highest
abundance of palmarumycin CP2 (6)
Because all components detected in each variant were active,

they are of possible benefit for the plant species hosting the
fungus in its natural habit. The endophytic fungi generally exist
harmlessly within their host, but under different conditions they
could be facultative pathogens.20 On the other hand, the
secondary metabolites produced by endophytic fungi play a role
in vivo and are important for numerous metabolic interactions
between fungi and their plant hosts, such as signaling and
regulation of the symbiosis.21,22 Some may also serve in the
overall biology of the plant, especially as it relates to insects and
disease, as well as other environmental stresses including
drought tolerance.23−25 One of the important roles of
endophytic fungi is to initiate the biological degradation of
dead or dying plant hosts, which is necessary for nutrient
recycling.26 As a result, it is possible that the phytotoxins
produced by E. gomezpompae are involved in the role in plant
host defense and/or in the biological degradation of dead or
dying plant hosts.

Table 4. Phytogrowth-Inhibitory Activity of Isolated
Compounds from Edenia gomezpompae on the Germination,
Root Elongation, and Seedling Respiration of Amaranthus
hypochondriacus, Solanum lycopersicum, and Echinochloa crus-
galli

IC50 (μM)

compda seed germination
root

growth
seedling
respiration

2 A. hypochondriacus 194.0 180.8 416.5
S. lycopersicum 240.4 >598.8 378.7
E. crus-galli 516.2 213.5 531.7

3 A. hypochondriacus 272.1 342.5 594.6
S. lycopersicum 378.4 >598.8 238.0
E. crus-galli 206.6 471.3 >598.8

4 A. hypochondriacus 179.4 330.6 >571.4
S. lycopersicum 214.6 478.0 >571.4
E. crus-galli 237.1 279.1 264.9

5 A. hypochondriacus 466.0 465.1 >510.2
S. lycopersicum 429.6 337.2 204.3
E. crus-galli 285.7 276.0 >510.2

6 A. hypochondriacus 397.2 562.0 >628.9
S. lycopersicum 347.2 >628.9 272.0
E. crus-galli 380.5 >628.9 >628.9

7 A. hypochondriacus 271.8 300.0 >574.7
S. lycopersicum 216.1 534.8 277.3
E. crus-galli 207.8 >574.7 216.9

8 A. hypochondriacus 208.2 225.7 >546.5
S. lycopersicum 168.6 199.7 259.0
E. crus-galli 183.3 214.2 >546.5

9 A. hypochondriacus 170.5 166.6 >526.3
S. lycopersicum 198.4 355.8 240.5
E. crus-galli 182.1 195.8 >526.3

Rival A. hypochondriacus >1183.4 683.4 675.1
S. lycopersicum >1183.4 625.4 494.1
E. crus-galli >1183.4 561.5 502. 4

aRival = glyphosate, N-(phosphonomethyl) glycine (positive control).

Figure 6. Inhibitory activity of the organic extract (100 and 200 μg/
mL) from (A) morphological variants of Edenia gomezpompae and (B)
phytotoxic compounds (200 μg/mL) on mitochondrial oxygen
consumption on intact mitochondria isolated from spinach. Palmar-
umycins CP19 (2) and CP17 (3), preussomerin EG4 (4), palmarumycin
CP2 (6), and preussomerins EG1 (7), EG (8), and EG3 (9). A positive
value represents inhibition; a negative value represents stimulation.
Vertical bars represent SD, n = 4; (∗) P < 0.05.
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In summary, naphthoquinone spiroketals 2−8 biosynthesized
by four morphological variants of E. gomezpompae possess
phytotoxic properties against seed germination, root elongation,
and seedling respiration of two dicotyledon species, A.
hypochondriacus and S. lycopersicum, and one monocotyledon
plant, E. crus-galli, and a slight effect on the respiration of intact
mitochondria. According to these results, further studies will be
carried out to better understand the mechanism of action
associated with the phytotoxic effects of the organic extracts
and selected phytotoxins produced by E. gomezpompae. In
particular, preussomerins EG4 (4) and EG1 (7) and
palmarumycins CP17 (3) and CP2 (6) will be considered for
exploration in the immediate future on the basis of their
inhibitory effect on oxygen consumption in intact mitochon-
dria.
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