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A B S T R A C T

A detailed chemical investigation of the mycelial extract of the endophytic fungus Aureobasidium
pullulans isolated from leaves of the Moroccan Aloe vera yielded one new amide pestalotiopamide E (1)
and its corresponding new acid pestalotiopin B (2) together with two indole metabolites (3 and 4),
isoochracinic acid (5) and two hydronaphthalene derivatives (6 and 7). All isolated compounds were
tested for their antiproliferative activity against mouse lymphoma L5178Y cell line.
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1. Introduction

“Endophytes” refers to all organisms inhabiting internal plant
tissues at some time during their lives without causing apparent
harm and/or overt symptoms to the host (Ghimire and Craven,
2013). Many studies confirmed that most plants in natural
ecosystems are symbiotic with mycorrhizal fungi and/or fungal
endophytes (Aly et al., 2010). Endophytes have been found in
virtually every organ of every plant species examined, although
their distribution between individual plants is heterogeneous
(Bacon and White, 2000). These endophytes also have a profound
effect on plants as it provides a range of growth, health and defence
enhancements (Tetard-Jones and Edwards, 2016). Endophytic
fungi are a major source of phytochemicals and other bioactive
natural products (Machavariani and Terekhova, 2014), which have
roles in a variety of cellular processes, such as transcription,
development, and intercellular communication (Tudzynski, 2014).
Furthermore, numerous studies reported the potential use of
endophytic compounds in different fields as medicine, industry
and agriculture (Strobel and Daisy, 2003). Many antibiotics,
antifungal, antimicrobial, antimycotics, immunosuppressant and
anticancer compounds have been isolated from different classes of
endophytes (Mousa and Raizada, 2013).
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Genus Aureobasidium comprises 27 taxa (species and varieties),
with Aureobasidium pullulans being one of the most studied
species. Aureobasidium pullulans, commonly known as black yeast
due to their melanin production, is cosmopolitan yeast-like fungus
(Gostin9car et al., 2014). A. pullulans is one of the most widely used
microorganism for the production of different varieties of
compounds exhibiting a wide range of medical, pharmaceutical
and biotechnological applications. These compounds include
different polysaccharides as pullulan (Cheng et al., 2011) and
b-glucan (Aoki et al., 2015), acids as malic acid and poly-b-L-malic
acid (PMA) (Leathers and Manitchotpisit, 2013), peptides as
aureobasidin A (Tiberghien et al., 2000), lipids as exophilin A
and heavy oils as liamocins (Manitchotpisit et al., 2014). A.
pullulans also has a remarkably large range of extracellular
enzymatic activities (Molnarova et al., 2014). Several of these
are of biotechnological interest; these include amylase, cellulase,
lipase, protease, xylanase, b-fructofuranosidase, maltosyltransfer-
ase, a-L-arabinofuranosidase, mannanase, and lactase (Liu et al.,
2008).

Endophytic compounds showed a wide range of medicinal uses
such as antitumour (Ding et al., 2010), antifungal (Awazu et al.,
1995), antiallergy (Sato et al., 2012), antibacterial and immuno-
modulatory effects (Bischoff et al., 2015). In addition to their
therapeutic applications, they displayed significant pharmaceuti-
cal and biotechnological industrial importance (Ding et al., 2011).

In our ongoing research on endophytic fungi from different
sources, we have investigated a mycelial extract of an endophytic
fungus Aureobasidium pullulans derived from the Moroccan
medicinal plant Aloe versa. Results revealed a new amide (1)
ts reserved.
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Fig. 2. Key 1H-1H COSY, HMBC and NOE correlations of compound (1).
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and its corresponding acid (2); two indole metabolites namely,
indole-3-carbaldehyde (3) (Abdel-Lateff et al., 2014) and indole-3-
carboxylic acid (4) (Wang et al., 2016); isoochracinic acid (5)
(Kameda and Namiki, 1974) and two hydroxylated isosclerone
derivatives (6 and 7) (Andolfi et al., 2000; Borgschulte et al., 1991;
Cimmino et al., 2011).

2. Results and discussion

Compound (1) was isolated as yellow oil and its UV spectrum
revealed one absorption maximum (lmax) at 221 nm. LRESIMS of 1
exhibited a pseudomolecular ion peaks at m/z 257.9 [M+H]+ and
256.0 [M�H]� suggesting its molecular weight to be 257 g/mol and
indicating the possible existence of an odd number of nitrogen
atoms (Fig. 1).

The molecular formula of 1 was determined by HRESIMS to be
C12H19NO5 based on the prominent peak at m/z 258.1336 [M+H]+

and at m/z 280.1154 [M+Na]+ and indicated the presence of four
degrees of unsaturation. 13C NMR spectrum of 1 revealed the
presence of twelve carbon resonances differentiated by DEPT
experiment into four quaternary carbons including three carbonyl
carbons at dc 177.0 (C-1”), 173.0 (C-10) and 169.0 (C-1) together
with one olefinic quaternary carbon at 151.3 (C-3) ppm. In addition,
13C NMR and DEPT spectra also exhibited one olefinic tertiary
carbon at dc 121.8 (C-2) ppm; five secondary carbons at dc 64.3 (C-
5), 39.5 (C-4”), 33.3 (C-4), 32.4 (C-2”) and 26.0 (C-3”) ppm; and two
primary methyl carbons at dc 25.5 (3-CH3) and 20.9 (20-CH3) ppm.
1H NMR spectrum of 1 revealed eight signals, five of them are
involved in two spin systems as shown by 1H-1H COSY (Fig. 2), the
first connects three signals at dH 3.21 (2H, d, 6.9), 2.32 (2H, t, 7.5)
and 1.78 (2H, m) ppm ascribed to CH2 = 4”, CH2 = 2” and CH2 = 3”,
respectively. A second spin system was identified between two
proton signals at dH 2.94 (2H, t, 6.8) and an oxymethylene moiety at
dH 4.20 (2H, t, 6.8) ppm assigned for CH2 = 4 and CH2 = 5,
respectively, in addition to a long range correlation between dH
5.76 (1H, s, H-2) and dH 1.89 (3H, d, 1.4, 3-CH3) ppm. By comparison
of the obtained spectral data of 1 with reports from the literature, a
close resemblance of 1 to pestalotiopamide B was apparent (Xu
et al., 2011). The major difference between both compounds was
the chemical shift of C-4 in compound (1) at dC 33.3 ppm while in
pestalotiopamide B it was dC 40.0 ppm. HMBC spectrum (Fig. 2)
exhibited major key correlations which unambiguously deter-
mined the connections and the positions of carbonyl moieties
within the structure. In addition, NOE spectrum (Fig. 2) displayed a
correlation from H-2 and 3-CH3 confirming that the double bond
has a (Z) conformation and not (E) as in pestalotiopamide B. Based
Fig. 1. Structures of c
on the aforementioned data, compound (1) was unambiguously
identified as (Z)-4-(5-acetoxy-3-methylpent-2-enamido) butanoic
acid trivially named as pestalotiopamide E.

The molecular formula of compound (2) was determined to be
C8H12O4 based on HRESIMS which exhibited a pseudomolecular
ion peak at m/z 195.0621 [M+Na]+ (calc. for C8H12O4Na, m/z
195.0633). 1H NMR and 1H–1H COSY spectra of 2 (Table 1) showed
partial similarity to that of 1 except for the absence of three
methylene groups assigned to CH2 = 4”, CH2 = 2” and CH2 = 3”. 13C
NMR (Table 1) and HMBC spectra (see Supplementary materials) of
2 revealed similar key correlations to those exhibited by 1 which
unambiguously indicated the positions of carbonyl groups at C-1
and C-10. Overall the 13C NMR data of 2 revealed close similarity
with spectral data of pestalotiopin A (Xu et al., 2011), previously
reported from the endophytic fungus Pestalotiopsis sp. except for
the value of carbon resonance ascribed to C-4 which differed by
7 ppm compared to pestalotiopin. This difference, as in case of 1,
revealed the presence of a (Z) configured double bond unlike (E)
conformation as in pestalotiopin A. Based on the obtained spectral
data, compound (2) was identified as (Z)-5-acetoxy-3-methylpent-
2-enoic acid which was given the trivial name pestalotiopin B.

All isolated compounds were subjected to cytotoxicity (MTT)
assay against the mouse lymphoma (L5178Y) cell line but no
apparent antiproliferative activity for any of the isolated com-
pounds was detected.
ompounds (1–7).



Table 1
NMR data of compounds 1 and 2.

# 1 2

dH
a (multi, J in Hz) dC

b dH
a (multi, J in Hz) dC

c

1 169.0 n.d.
2 5.76 (1H, s) 121.8 5.78 (1H, s) 121.5
3 151.3 148.0
3-CH3 1.89 (3H, d, 1.4) 25.5 1.89 (3H, d, 0.8) 25.0
4 2.94 (2H, t, 6.8) 33.3 2.95 (2H, t, 6.8) 31.5
5 4.20 (2H, t, 6.8) 64.3 4.21 (2H, t, 6.8) 63.0
10 173.0 171.0
20 2.00 (3H, s) 20.9 2.01 (3H, s) 21.0
1” 177.0
2” 2.32 (2H, t, 7.5) 32.4
3” 1.78 (2H, m) 26.0
4” 3.21 (2H, t, 6.9) 39.5

a Measured in MeOH-d4, 500 MHz.
b Measured in MeOH-d4, 125 MHz.
c Data derived from HMBC spectrum. n.d.: not detected.
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3. Experimental

3.1. General experimental procedures

Optical rotation was recorded using a Perkin–Elmer Model 341
LC polarimeter. UV spectral data was obtained from online UV
spectra measured by photodiode array detection (Gynkotek,
Germany). 1H and 13C NMR (chemical shifts in ppm) spectra were
recorded on Bruker ARX 500 or DRX 500 NMR spectrometers in
acetone-d6, methanol-d4 or CDCl3. LRESIMS was recorded on a
Finnigan LCQ-DECA mass spectrometer connected to a UV detector.
High-resolution ESIMS was conducted on a Micromass Q-Tof-2
mass spectrometer using peak matching.

3.2. Isolation and cultivation of the fungus

3.2.1. Fungal source
Aloe vera (Asphodelaceae) leaves were collected off Marrakesh

(Morroco) in February 2009. The identification was determined
based on the morphological characters and ribosomal DNA
comparison and a voucher specimen is deposited at the Institute
of pharmaceutical biology and biotechnology, Heinrich-Heine
University, Düsseldorf. Leaves were cut into small pieces and
placed in plastic bags after any excess moisture was removed.
Every attempt was made to store the materials at 4 �C and the
isolation of endophytes was made within 24 h after sampling.
Small pieces of the leaves were subjected to surface sterilization by
being immersed into 70% ethanol for 2 min then washed with
sterile water. Small pieces of the inner leaves tissue were cut small
and pressed onto malt agar plates under aseptic conditions.
Chloramphenicol (0.2 g/L) was implemented into malt agar
medium, composed of 15 g/L malt extract, 15 g/L agar, as an
antibiotic to suppress bacterial growth. Fungal growth was
monitored after incubation at room temperature (25 �C); the
endophytic fungal strains were noticed to be extending out of the
inner tissue parts not the control plates with imprints of the leaves
surface.

From the growing fungal mixture, fungal purification was
achieved by repeated reinoculation on fresh malt agar plates till a
pure strain (MB) was isolated.

3.2.2. Fungal source
The purified endophytic fungal strain was identified by DNA

sequencing of the ITS region which was submitted to GenBank with
the accession number KX249734. A voucher specimen has been
deposited at the Institute of Pharmaceutical Biology and
Biotechnology, Heinrich-Heine University, Düsseldorf (Germany)
at �20 �C under the code (MB).

3.2.3. Cultivation and extraction of pure fungus
The fungus was grown on solid rice medium at 21 �C for 4–6

weeks, followed by harvesting and subsequent extraction three
successive times with ethyl acetate. The extract was evaporated
under reduced pressure to yield 2.6 g residue.

3.2.4. Isolation and purification of compounds
The obtained crude extract (2.6 g) was then partitioned by

liquid–liquid fractionation between EtOAC and H2O yielding 1.7 g
residue in the EtOAc fraction. The latter was further fractionated
between n-hexane and 90% aqueous methanol. Residue 90%
aqueous methanol fraction weight was 780 mg, which was
separated by vacuum liquid chromatography (VLC) on a silica
gel column using a step gradient of n-hexane-dichloromethane-
methanol. The resulting fractions were analysed by HPLC-DAD for
their purity and by ESI-LC/MS for their molecular weight and
fragmentation patterns. Final purification, achieved by preparative
HPLC using a HPLC Merck Hitachi system (Pump L7100 and UV
detector L7400) and a Eurosphere 100–10C18 (Knauer, Germany)
column (300 � 8 mm, L � ID) with a flow rate of 5 mL/min, resulted
in the isolation of compounds 1 (2.9 mg), 2 (0.7 mg), 3 (1.0 mg), 4
(0.9 mg), 5 (1.0 mg), 6 (1.9 mg) and 7 (1.6 mg). The pure compounds
were submitted to one- and two-dimensional NMR techniques for
structural elucidation.

3.3. Cytotoxicity assay

Cytotoxic activity was evaluated against L5178Y mouse
lymphoma cells by the microculture tetrazolium (MTT) method
and compared to that of untreated control as previously described
(Kreuter et al., 1992).

4. Conclusions

In this study, seven compounds including two new metabolites
were isolated from the mycelial extract of an endophytic fungus
Aureobasidium pullulans derived from the Moroccan Aloe vera. The
variety of the chemical structures of the isolated compounds
highlighted the productivity of the endophytic fungus implement-
ing different biosynthetic pathways. None of the isolated com-
pounds revealed potential cytotoxic activity when tested against
mouse lymphoma L5178Y cells, however, compounds (6 and 7)
were previously reported as phytotoxic metabolites (Cimmino
et al., 2011; Evidente et al., 2011).
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