
МИКОЛОГИЯ И ФИТОПАТОЛОГИЯ, 2019, том 53, № 4, с. 223–228

223

TENSIDOLS A AND B FROM ASPERGILLUS TUBINGENSIS STRAIN 
AND THEIR BIOLOGICAL ACTIVITY
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Two furopyrrols, namely tensidols A and B, were purified from EtOAc extract of the rice culture medium of the
endophyte, Aspergillus tubingensis (strain AN103) that resides the fresh tree branches of apple plant (Malus do-
mestica), collected from Volga region, Saratov, Russian Federation. Morphologically, the strain is a black fungus
belonging to the Aspergillus section Nigri. Moreover, this endophytic fungal isolate (AN103) was characterized
by performing cotton blue staining. The identity of A. tubingensis (strain AN103) was unambiguously confirmed
based on microbiological study of its DNA sequence and this sequence was submitted and approved by GenBank
and it was given the GenBank accession number (KR184138). To find out a possible explanation for the endo-
phytism of A. tubingensis (strain AN103) in apple tree branches, tensidols A and B, the major components in the
HPLC chromatogram of EtOAc extract of the rice cultures of this fungal endophyte were purified to study their
biological effect. Chromatographic investigation and purification of this extract revealed the unequivocal deter-
mination of the chemical structures of both compounds. Interestingly, both compounds were found to inhibit the
growth of Brevibacterium halotolerans and Bacillus methylotrophicus, the two common pathogens that attack ap-
ple tree. Moreover, the lack of cytotoxic activity of both the crude extract and its purified major compounds ten-
sidols A and B against lymphoma cell lines (L5178Y), highlights their specificity in action.
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INTRODUCTION
Fungal natural products are secondary metabolites

that are not needed or involved in metabolic growth of
the microorganism. It is well known that microorgan-
isms including fungi have the potential to synthesize a
plethora of biochemical molecules. Some of these me-
tabolites showed a clear mechanism of action either in
vitro or in vivo, while, the obvious mechanism of action
for others is still anonymous (Coleman et al., 2011).

One explanation for the microbial biosynthesis of
secondary metabolites is that these metabolites could
help the producing-microorganisms to survive when
there is a competition with other organisms in the en-
vironment (Fox, Howlett, 2008). Black aspergilli (As-
pergillus section Nigri; Gams et al., 1985) are microor-
ganisms that belong to kingdom Fungi and proved to
exert a pivotal role in many aspects in modern society.

For example, many species of this section are involved
in the fermentation industry to obtain hydrolytic en-
zymes, such as lipases and, amylases and many organic
acids, such as citric and tartaric acids. On the other
hand, some species of this section are known to deteri-
orate foods (Varga et al., 2000). Aspergillus niger is
widespread and found in the surrounding environment
such as in soil and on decaying plants and it was found
that this species has the ability to produce some myco-
toxins such as ochratoxins (Saber et al., 2016). More-
over, this species is known to grow on foods (Sorensen
et al., 2009). Generally, endophytic fungi are known to
thrive in fresh plant cells under normal conditions but
without interfering with growth of plants. It is well
known that these special fungi are unique and are un-
tapped source for many pharmaceutically-valuable
secondary metabolites (Mohamed et al., 2017).
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The World Health Organization (WHO, 2017) de-
clared that one of the most serious problems is the
spread of antimicrobial resistance which influence ma-
ny biological and economic threats in many countries.
This was clear from recent plague outbreak on Mada-
gascar which highlighted that even infections which are
defeated by humanity can reappear again causing death
to humans and this is mainly caused because of resis-
tance of pathogenic microorganisms to drugs (Chan-
teau et al., 1998). An example form England is that lep-
rosy infection of red squirrels created a reservoir of
dangerous pathogenic bacteria to humans (Charlotte et
al., 2016).

The fungus A. niger is a well-known organism that is
used in many industrial aspects. This particular fungal
species is known to be a vital industrial source for many
natural products along with some useful enzymes.
Examples are, the antimicrobial secondary metabolites
tensyuic acid, nigerazine B, ochratoxin which are pro-
duced by this fungus (Nielsen et al., 2009). As a result
of culturing the microorganisms in nutrient media, the
microorganisms secrete some secondary metabolites
and these metabolites could have biological activities
such as antimicrobial effect (Natarajan et al., 2010).

Taxonomically, many scientists investigated Asper-
gillus section Nigri (Abarca et al., 2004). As a result of
PCR based techniques and nuclear and mitochondrial
DNA (mtDNA) polymorphisms, identification of at
least two species within the A. niger species complex
which are A. tubingensis and A. niger (Kusters-van
Someren et al., 1991; Varga et al., 1994). Moreover, the
D1–D2 region of the 28S rRNA gene and phylogenetic
analyses of sequences of the ITS and the 5.8S rRNA
gene revealed the identification of five extra species be-
longing to the section Nigri; A. carbonarius, A. japoni-
cus, A. heteromorphus, A. ellipticus, and A. aculeatus
(Varga et al., 2000; Parenicova et al., 2001). Later on,
many species of the genus Aspergillus have been report-
ed, such as A. vadensis (De Vries et al., 2005), A. piperis,
A. lacticoffeatus, A. costaricaensis, and A. sclerotioniger
(Samson et al., 2004) and A. ibericus (Serra et al., 2006).

As said before, fungi are fascinating microorgan-
isms which have the ability to produce many therapeu-
tic secondary metabolites such as insecticides, antibi-
otics, cytotoxic agents, growth-inhibitory compounds,
etc. These secondary metabolites which are produced
from fungi differ in production, function and specific-
ity from one fungus to the other (Kishore et al., 2007).

In the present study, we describe in addition to the
taxonomy of the fungal strains A. tubingensis isolated
from apple plant, the phytochemical and biological in-
vestigation along with the fermentation are also pre-
sented.

MATERIALS AND METHODS
Isolation of fungal culture. A. niger strain AN103 was

isolated from the fresh Apple plant stems, Saratov city,
Russia in December 2013. Small tissues of the stems
were cut aseptically inserted into malt agar plates
(15 g/L malt extract, 15 g/L agar, and 0.2 g/L chloram-
phenicol in distilled water, pH 7.4–7.8) containing
chloramphenicol to suppress bacterial growth and
these plates were incubated for two weeks at room tem-
perature. The growing fungal hyphae were further peri-
odically cultivated on fresh malt agar medium until we
get pure fungal strains. All voucher specimens are de-
posited at Department of Microbiology and Plant
Physiology, Faculty of Biology, Saratov State Univer-
sity, Russia.

Identification of fungal strain. The isolated fungal
strain was identified as A. tubingensis performing the
standard protocol of molecular biological which
involves DNA amplification and sequencing using
ITS1 (TCCGTAGGTGAACCTGCGG) and ITS4
(TCCTCCGCTTATTGATATGC) as primers. The to-
tal genomic DNA of A. tubingensis was subjected to
PCR reactions utilizing forward and reverse primers.
After incubation for 1 min at 95°C, thirty-five PCR cy-
cles (94°C, 1 min; 56°C, 1 min and 72°C, 1 min) were
performed, followed by one cycle of 10 min at 72°C.
The PCR product was separated by electrophoresis
and sequenced (Kjer et al., 2010). A homology search
was performed with GenBank database. This fungal
strain was stored with ID code (AN103) at Institute of
Pharmaceutical Biology and Biotechnology at the
Heinrich Heine University Düsseldorf, Germany.

In vitro screening of isolates for antagonism. The
EtOAc extract along with the isolated major com-
pounds of A. tubingensis (AN103) were screened in vi-
tro against Brevibacterium halotolerans and Bacillus
methylotrophicus, the two common pathogens that at-
tack apple tree utilizing a dual culture technique using
vancomycin as positive control (Fig. 1) (Rana et al.,
2016).

Cultivation, extraction and isolation of tensidols.
The fungal strain fermented statically on solid rice cul-
ture media (100 g Rice in 110 ml distilled water, auto-
claved for 20 min at 121°C) in 1L Erlenmeyer f lask for
21 days at 28°C. Extraction of fungal cultures was per-
formed using EtOAc. The combined extracts were then
evaporated in vacuum and the residue was partitioned
between n-hexane and 90% aqueous methanol. The
90% MeOH fraction was evaporated to give 1.6 g of sol-
id residue which was chromatographed over Sephadex
LH-20 using MeOH as eluting solvent. Further purifi-
cation was achieved by semi preparative HPLC (Merck
Hitachi L7100).

General experimental procedures. NMR spectra
(chemical shifts in ppm) were recorded on a Bruker
AVANCE HD III 300 MHz spectrometer (Switzer-
land). NMR samples were dissolved in CDCl3 (Sigma
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Aldrich, Germany). HPLC analyses were performed
using Dionex® ultimate 300 LC system coupled with
photodiode array detector (UVD340S) with detection
wavelengths of 235, 254, 280 and 340 nm using re-
versed phase ODS column (Knauer 4 mm × 125 mm)
with the following gradient (MeOH, 0.01% HCOOH
in H2O) 0–5 min. (10% MeOH); 5–35 min. (10%
MeOH-100% MeOH) and 35–45 (100% MeOH) and
1 ml/min flow rate was applied for the analysis. Final
purification steps were performed using semi-prepara-
tive HPLC (Knauer, Germany) on Kromasil ODS pre-
parative column (10 mm × 250 mm) at f low rates
4 ml/min and UV detection at 254 and 340 nm, LC-
ESIMS analysis were performed using a HP-1100 Agi-
lant Finnigan LCQ Deca XP Thermoquest mass spec-
trometer. Normal phase column chromatography was
performed using silica gel 60 (0.04–0.063, Merck, Ger-
many). TLC analysis was performed using normal phase
silica gel precoated plates F254 (Merck, Germany).

Testing the biological activity. The isolated com-
pounds and fungal crude extract were assessed for their
cytotoxicity against murine lymphoma cell line L5178Y
at 10μg/mL concentration by standard microculture
tetrazolium (MTT). This test was carried out in insti-
tute of Physiological Chemistry, University of Mainz.
The antibacterial activity was evaluated against Staphy-
loccocus aureus ATCC 25922. This antibacterial assay
was done by the broth microdilution method. It was
carried out by Prof. Dr. Kassack, M. in Institute for
Pharmaceutical and Medicinal Chemistry, Heinrich-
Heine University, Düsseldorf, Germany (Chen et al.,
2015a,b). In addition, the EtOAc extract along with the
isolated major compounds of Aspergillus tubingensis
(AN103) were screened in vitro against Brevibacterium
halotolerans and Bacillus methylotrophicus, the two
common pathogens that attack apple tree utilizing a
dual culture technique using vancomycin as positive
control (Rana et al., 2016).

RESULTS AND DISCUSSION

Isolation and identification of fungal culture. After
culturing the fungal isolate on malt extract agar for
7 days at 28°C, fungus was identified based on mor-
phological features and sequencing of the ITS region.
The results of the DNA sequence were submitted to
GenBank with access number KR184138. The DNA
sequence showed 100% similarity with Aspergillus tub-
ingensis.

Antagonism effect of fungal isolate. To examine the
antagonistic properties of the A. tubingensis obtained
from the Perti dishes against pathogenic bacteria. Re-
sults showed that the antagonist network size were en-
riched between these strains when A. tubingensis gave
the highest antagonism effect and inhibition zone (34,
31) mm against Brevibacterium halotolerans and Bacil-
lus methylotrophicus, respectively (Fig. 1) with. The
MICs of tensidol A against Brevibacterium halotolerans
and Bacillus methylotrophicus were 32 and 64 μg/mL,
respectively. While, tensidol B possesses MICs against
Brevibacterium halotolerans and Bacillus methylotrophi-
cus 16 and 32 μg/mL. Vancomycin was used as a posi-
tive control (MIC was 5 μg/mL against both bacteria).

Elucidation of structure of extracted compounds.
The fungal extract was chromatographed over silica gel
and Sephadex LH-20, followed by purification by
semi-preparative HPLC (Fig. 2) to yield the two
known natural product tensidols A and B (Fukuda et al.,
2006).

Compounds 1 and 2 were isolated as yellow powder
and molecular formula of 1 was determined as C13H11-
NO3 on the basis of the pseudomolecular ion peak ob-
served at m/z 230 [M + H]+ in the ESIMS spectrum.
Compound 2 had a molecular formula of C18H17NO6
as indicated by ESIMS and showed a positive ion signal
at m/z 344 [M + H]+. The chemical structure of 1 and
2 were identified as tensidols A and B by comparison of
their spectroscopic data including optical rotations
(Fukuda et al., 2006) (Fig. 3) (Table 1).

Fig. 1. Inhibition of Brevibacterium halotolerans (а) and Bacillus methylotrophicus (b) growth with Aspergillus tubingensis (AN103).

(а) (b)
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The production of secondary metabolites is usually
consistent in a species, and they are commonly useful
for species identification (Samson et al., 2007). Asper-
azine, funalenone, malformins, naphtho-γ-pyrones,
pyranonigrin A, and tensidol A and B are extrolites ex-
pected to be produced by Aspergillus.

Biological properties. The crude extract of Aspergil-
lus tubingensis was inactive against mouse lymphoma
cell line L5178Y. Moreover, tensidols A and B did not
show any cytotoxicity. However, crude extract exhibit-
ed weak antimicrobial against Staphyllococcus aureus
ATCC 25922 (MIC is 64 μg/mL).

CONCLUSION

In the current study, we isolated an endophytic fun-
gal strain of Aspergillus tubingensis (AN 103) from
Malus domestica. The strain produced tensidols A and
B as major components under growth in sterilized solid
rice medium. Both compounds were found to inhibit
the growth of Brevibacterium halotolerans and Bacillus
methylotrophicus, the two common pathogens that at-
tack Malus domestica. Moreover, the lack of cytotoxic
activity of both the crude extract and its purified major
compounds tensidols A and B against lymphoma cell
lines (L5178Y), highlights their specificity in antibacte-
rial action.

Fig. 3. Chemical structures of  tensidols A (1) and B (2).
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ТЕНЗИДОЛЫ A И B, ПРОДУЦИРУЕМЫЕ ШТАММОМ ASPERGILLUS 
TUBINGENSIS И ИХ БИОЛОГИЧЕСКАЯ АКТИВНОСТЬ

Х. А. Мохамедa,b,#, В. Эбрагимc,d,, А. М. Петерсонa, Ф. Ц. Озскаяc, П. Прокшc
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Два фуропиррола – тензидолы А и В – были выделены из этанолового культурального экстракта Asper-
gillus tubingensis (штамм AN103) на рисовой культуральной среде (эндофит был выделен с текущих по-
бегов Malus domestica, собранных в Поволжье, Саратов, Российская Федерация). Морфологически
штамм представляет собой черный гриб, принадлежащий к секции Nigri рода Aspergillus. Идентичность
A. tubingensis AN103 была установлена на основании выявления нуклеотидной последовательности
спйсеров ITS рДНК, и эти последовательности были депонированы в GenBank (KR184138). Хромато-
графическое исследование и очистка экстракта выявили однозначное определение химической струк-
туры тензидолов А и B. Интересно, что оба соединения, как было установлено, ингибируют рост Brevi-
bacterium halotolerans и Bacillus methylotrophicus – двух распространенных патогенов, поражающих ябло-
ню. Отсутствие цитотоксической активности как неочищенного экстракта, так и очищенных
тензидолов A и B в отношении клеточных линий лимфомы L5178Y подчеркивает специфичность их
действия.

Ключевые слова: биологическая активность, тензидолы, эндофиты, Aspergillus tubingensis
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