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Abstract

Fermentation of Aspergillus niger isolated from the leaves of Basella alba in potato dextrose broth medium furnished five
naphtho-y-pyrone type compounds, TMC 256A1 (1), rubrofusarin B (2), fonsecin B (3), aurasperone A (4) and fonseci-
none A (5). Compounds 1, 2 and 3 showed remarkable phytotoxic activity in lettuce seed germination bioassay with ICy,
values of 45.4, 49.7 and 47.8 ppm percentage radicle growth inhibition, respectively, while ICs, values for percentage
hypocotyl growth inhibition were 49.7, 48.7 and 48.2 ppm, respectively. This is the first report on the isolation of 4. niger

from Basella alba and the phytotoxic activity of compounds 1-3 in lettuce seed germination assay.

Highlights

o Fermented Aspergillus niger from Basella alba furnished five naphtho-y-pyrones.
e TMC 256A1 (1), rubrofusarin B (2), fonsecin B (3) showed remarkable phytotoxic activity.
e This is the first report of the isolation of an endophytic fungus Aspergillus niger from Basella alba.
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Introduction

The overuse of synthetic herbicides has resulted in negative
consequences for the environment and human health as well
as increased the occurrence of herbicide resistant weeds.
Therefore efforts have been made to use natural plant prod-
ucts as eco-friendly weedicides (Suwitchayanon and Kato-
Noguchi 2014). We previously reported the isolation and
characterization of two phytotoxic azaphilone derivatives
from the endophytic fungus Chaetomium globosum from
Amaranthus viridis (Piyasena et al. 2015) together with var-
ious biologically active compounds from endophytic fungus
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on plants in Sri Lanka (Bandara et al. 2015; Dissanayake
et al. 2020; Kehelpannala et al. 2018, 2021; Munasinghe
et al. 2017, 2021; Padmathilake et al. 2017; Quader et al.
2016, 2017a, b; Rathnayake et al. 2018, 2019; Siriwardane
et al. 2015; Sritharan et al. 2019; Thanabalasingam et al.
2015, 2024). Basella alba, which belongs to the Basella-
ceae family, grows in tropical and subtropical regions and
is commonly consumed as a leafy vegetable. This plant has
traditionally been utilized for the treatments of ulcers, burns,
boils, abscesses, and swellings (Jayaweera 1981). Here, we
present the isolation and characterization of an endophytic
fungus Aspergillus niger from B. alba leaves, the isolation
of compounds TMC 256A1 (1), rubrofusarin B (2), fonse-
cin B (3), aurasperone A (4) and fonsecinone A (5) from its
culture, and phytotoxicity of compounds 1, 2 and 3 against
lettuce (Lactuca sativa) seed germination bioassay.
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Fig. 1 Chemical structures of
compounds 1-5 isolated from an
endophytic fungus Aspergillus
niger
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Materials and methods

Isolation of endophytic fungus, fermentation and
isolation of secondary metabolites

In a 90 mm Petri dish with potato dextrose agar (PDA)
medium, a section of the triple-sterilized leaf was incubated
at ambient temperature. The emerged fungus was sub-cul-
tured to obtain a pure culture. The endophytic fungus was
identified as Aspergillus niger performing the sequence of
internal transcribed spacer of the rDNA gene of the fungus,
which was amplified utilizing primers of ITS1 and ITS4. 4.
niger grown on PDA media was introduced into Erlenmeyer
flasks (1 Lx10), each containing 400 mL potato dextrose
broth (PDB) medium, which were allowed to grow at room
temperature for four weeks. After filtering the resultant cul-
ture broth, the mycelium and filtrate were extracted three
times separately employing ethyl acetate (EtOAc). The
two EtOAc extracts displayed a comparable TLC pattern,
therefore, the combined extracts (2.8 g) were used for let-
tuce seed germination bioassay (Piyasena et al. 2015). The
EtOAc extract was subjected to silica gel (Merck 7734)
chromatography eluting with dichloromethane-methanol
gradient and further purified by preparative TLC and Sep-
hadex LH-20 led to the isolation of TMC 256A1 (1, 18 mg),
rubrofusarin B (2, 15 mg), fonsecin B (3, 8 mg), aurasper-
one A (4, 10 mg) and fonsecinone A (5, 8 mg) (Fig. 1).

Lettuce seed germination bioassay

After treating lettuce seeds (Rapido 344, Thailand) with
a 5% clorox solution for ten minutes, the seeds were
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thoroughly rinsed with sterile distilled water. Floated imma-
ture seeds were discarded. Five lettuce seeds were kept in
each Petri dish, which contained 800 puL of EtOAc extract
(at 1000 ppm) or the isolated compound dissolved in 1%
DMSO in distilled water at concentrations ranging from
200 to 10 ppm. The negative control was 1:99 of DMSO
in distilled water while the positive control was 10 ppm of
abscisic acid. After placing the seeds on moist filter paper
(Whatman No. 4), Petri plates were incubated for a period
of five days at 25 °C in the dark. After the incubation period,
the length of both the hypocotyl and radicle was measured
to the closest millimeter, and the total number of seeds that
germinated in each Petri dish was recorded. The lettuce seed
germination bioassay was conducted twice, with four repli-
cates utilized for each treatment (Piyasena et al. 2015).

Results and discussion

The endophytic fungus isolated from Basella alba leaves
was identified as Aspergillus niger based on the fungal
rDNA gene’s internal transcribed spacer sequence, which
has been amplified employing primers of ITS1 and ITS4.
The BLAST search indicated that the sequence matched
with that of Aspergillus niger (99%, GenBank accession
No. KY864240.1). The photographic evidence of the leaves
of B. alba and fungal strain were deposited at the National
Institute of Fundamental Studies. Pure strain of 4. niger was
fermented on potato dextrose medium (PDB). The combined
EtOAc extract of the culture broth and mycelium com-
pletely inhibited lettuce seed germination at 1000 ppm. Five
compounds were isolated by chromatographic separation of
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the extract on silica gel, PTLC, and Sephadex LH-20. These
compounds were identified as TMC 256A1 (1) (Huang et
al. 2010), rubrofusarin B (2) (Shaaban et al. 2012), foncesin
B (3) (Shaaban et al. 2012), aurasperone A (4) (Campos et
al. 2005) and fonsecinone A (5) (Campos et al. 2005) by
comparison of the 'H & 3*CNMR data with the previously
reported values. The 'H and '3C NMR spectra of compounds
1-5 can be seen in Supplementary material. Compounds 1
and 2 belong to monomeric naphtho-y-pyrones, compound 3
has a structure of 2,3-dihydronaphtho-y-pyrones, and com-
pounds 4 and 5 are dimeric naphtho-y-pyrones. At 100 ppm,
compounds 1, 2 and 3 completely inhibited the germination
of lettuce seeds. Furthermore, compounds 1, 2 and 3 inhib-
ited radicle elongation with ICs, values of 45.4, 49.7, and
47.8 ppm, respectively, and inhibited hypocotyl elongation
with ICs, values of 49.7, 48.7 and 48.2 ppm, respectively.
Aspergillus niger strains have been isolated from various
sources, mostly as an endophytic fungus. It has been doc-
umented that 4. niger produces a wide range of bioactive
secondary metabolites including naphtho-y-pyrones (Yu et
al. 2021). Compounds 1-5 were previously reported as sec-
ondary metabolites of 4. niger (Leutou et al. 2016; Abdel-
wahab et al. 2021; Shaaban et al. 2012). However, there are
limited reports on the phytotoxicity of naphtho-y-pyrones
and related compounds. Macias and coworkers reported on
the phytotoxic activity of dihydronaphtho-y-pyrones and
rubrofusarin B (2) against radicle elongation of two weed
(Amaranthus hypochondriacus and Echinochloa crus-
galli) seedlings (Macias et al. 2000). Phytotoxic activity of
dihydronaphtho-y-pyrones against radicle and hypocotyl
elongation in rice and lettuce seed germination was reported
(Lai et al. 2019). Inhibitory activities of dimeric naphtho-y-
pyrone type compounds on radicle and germ elongation of
rice seeds were reported (Sun et al. 2017).

Conclusion

In this study A. niger was isolated from the leaves of B.
alba for the first time. The endophytic fungus produced
TMC 256A1 (1) and rubrofusarin B (2), fonsecin B (3),
aurasperone A (4) and fonsecinone A (5) through fermen-
tation in PDB medium, although these compounds were
previously reported as secondary metabolites of A. niger.
Among these, compounds 1, 2 and 3 significantly exhibited
lettuce seed germination. Furthermore, these compounds
inhibited radicle and hypocotyl elongation in lettuce seed
germination. The present results, together with previously
reported phytotoxic activities of dihydronaphtho-y-pyrones
and dimeric naphtho-y-pyrones, suggests the possibility of
naphtho-y-pyrone type compounds as a weedicide or herbi-
cide to reduce or displace from the utilization of hazardous

synthetic constituents. These findings contribute to the
growing body of knowledge regarding fungal secondary
metabolites and their bioactivities, opening new avenues for
further exploration and potential utilization in various fields.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s42535-0
25-01515-4.
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