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ABSTRACT: Aspergillus niger PN2 an endophytic fungus, was isolated from the healthy tissues of Taxus baccata. The
fungus was screened for the production of lovastatin on a solid state fermentation with wheat bran as a substrate. The fungal
species were identified by their characteristic cultural morphology and molecular analysis. The presence of lovastatin was
confirmed by spectroscopic method, nuclear magnetic resonance (NMR), thin layer chromatography (TLC) and high
performance liquid chromatography (HPLC) methods of analysis. The lovastatin production was quantified by ultraviolet
(UV) analysis. The maximum amount of lovastatin production was recorded as 1.5 mg/g substrate. The extracted fungal
lovastatin demonstrate a strong cytotoxic activity in in vitro culture of tested human cancer cells (HeLa and HepG2) by
apoptotic assay. These results designate that the fungus, A. niger PN2 is an excellent candidate for lovastatin production and
can serve as a potential organism for genetic engineering to enhance the production of lovastatin to a higher level.
Keywords: Lovastatin, Endophytic fungus Aspergillus niger, cancer, cytotoxicity test.

INTRODUCTION
Fungi are important sources for the production of several pharmaceutical compounds viz., lovastatin, mevinolin and
monacolin K. Lovastatin (C24H36O5) is a potent drug for lowering blood cholesterol. Lovastatin acts by competitively
inhibiting the enzyme 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA) which catalyzes the rate-limiting
step of cholesterol biosynthesis (Alberts et al., 1980). Lovastatin is produced as a secondary metabolite by the fungi
Penicillium sp. (Endo et al., 1976) Monascus ruber (Juzlova et al., 1996), and Aspergillus terreus (Alberts et al., 1980). A.
terreus appears to be the most commonly used producer of this drug (Novak et al., 1997). Now-a-days lovastatin and its
semisynthetic derivatives are very important drugs since the mortality of heart disease is becoming relatively high.
A novel molecular target with strong potential for rapid application to the clinic is the rate limiting enzyme of the
mevalonate pathway, HMG-CoA reductase. The end products of the mevalonate pathway are required for a number of
cellular functions. These include sterols, such as cholesterol, involved in membrane integrity and steroid production,
ubiquinone involved in electron transport and cellular respiration, farnesyl and geranylgeranyl isoprenoids involved in
covalent binding of proteins such as the Ras family to membranes, dolichol which is required for glycoprotein synthesis and
isopentenyladenine, essential for certain tRNA function and protein synthesis (Olson and Rudney., 1983; Goldstein and
Brown, 1990; Russel,1992; Sinensky, 2000). Thus, HMG-CoA reductase is a unique molecular target for anticancer
therapy; it holds a pivotal role in the well defined mevalonate pathway, and a specific family of inhibitors is available for
immediate application in the cancer therapy. Inhibitors of this key enzyme, collectively known as statins, are well
established and are effective agents used in the treatment of hypercholesterolemia (Farnier, 1998; Pedersen, 2001).
Recent evidence shows that statin not only are able to reduce cardiac disease related mortality, but cancer incidence is also
reduced by 28-33 % (Blais et al., 2000). Lovastatin has shown great promise as a cholesterol lowering agent and they also
suppress a variety of leukemic cell lines and a wide array of solid tumors cells in vivo, by inhibiting the synthesis of nonsterol isoprenoid compounds.
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Apart from lovastatin other statins are shown to be cytotoxic or induce apoptosis in leukemia cell lines (Dimitroulakas et al.,
2000) prostate cancer cell lines (Maltese et al., 1985), colon cancer (Agarwal et al, 1999), pancreatic cancer cell line (Muller
et al., 1998). In the present study lovastatin was evaluated for potential cytotoxicity, against two tumor cell lines viz. human
cervical cancer cell line (HeLa cell line) and liver hepato carcinoma cell lines (HepG2). As a consequence of its importance,
improving the production of lovastatin has become the focus of renewed research interest. Over the last ten years,
endophytic fungi isolated from yews and other gymnosperm plant species were given sole attention for their bioactive
products. In the present study, an attempt was made to screen lovastatin producing endophytic fungi from Taxus baccata.

MATERIALS AND METHODS
Isolation and identification of endophytic fungi
Endophytic fungi were isolated from T. baccata tissues obtained from central Himalayas, India. The plant parts (leaves,
bark, stem) were surface sterilized with Tween-80 for an hour and treated with 70 % (v/v) ethanol for 15 sec. These
sterilized fragments were then treated with sodium hypochlorite for 15 min and washed with sterile water. Treated tissues
were cut into small pieces (0.5 × 0.5 cm), and placed on potato dextrose agar (PDA) amended with chloramphenicol 150
mg/L to decrease the amount of bacterial contamination. After several days, fungi were observed, and individual hyphal tips
of the various fungi were removed and placed on a new PDA medium, and incubated at 25 °C for at least 2 weeks (Strobel
et al., 1996). The fungus was identified by its morphological and conidial features in the culture growth.
Genomic DNA was isolated from the selected fungal sample/culture provided using Sigma Aldrich DNA extraction Kit. Its
quality was evaluated on 0.8% agarose gel a single band of high-molecular weight DNA was observed. D1/D2 region of
LSU (Large subunit 28S rDNA) gene was amplified by PCR from the above isolated genomic DNA. A single discrete band
was observed when resolved on agarose gel. The PCR amplicon was purified by column purification in order to remove
contaminants. DNA sequencing was carried out with PCR amplicon. The 28S rDNA sequences D1/D2 region was amplified
by PCR from fungal genomic DNA using PCR universal primers:
DR-5'-GGTCCGTGTTTCAAGACGG-3' and
DF- 5'-ACCCGCTGAACTTAAGC-3' respectively.
PCR reactions were carried out as one cycle of heat treatment at 95 oC for 5 min, a total of 30 cycles of denaturation at 94o C
for 30 sec, annealing at 55 oC for 30 sec, extension at 72o C for 45 sec, followed by a final extension at 72 oC for 10 min.
The PCR products were stored at 4 oC, later analyzed by 0.8% agarose gel electrophoresis, and then sequenced. The D1/D2
region of LSU (Large subunit 28S rDNA) gene sequence was used to carry out BLAST with the nrdatabase of NCBI
genbank database.

Screening of lovastatin producing strains
The spore suspension was prepared by adding 5 mL of suspension medium (0.9% NaCl, 0.1% Tween 80) and vigorously
shaking for 1 min. The spore suspension containing 108 spores/ mL was used as the inoculum (Sathya et al., 2009). Solid
state fermentation with wheat bran was performed with the isolated 57 fungal species. Solid substrate was dried at hot air
oven at 50 °C, accurately weighed to 5g in Petri dishes (100 mm x 17 mm), moistened 65% with distilled water, pH
maintained at 6.5 and autoclaved at 121 °C for 15 min. After cooling, the medium was inoculated with 10% (v/w) of spore
suspension. Medium was thoroughly mixed and incubated at 28 °C in a humidity controlled incubator for 10 days.

Extraction of lovastatin
At the end of solid state fermentation (SSF), the fermented material was dried at 50 °C for 24 h and powdered. The
powdered (2g) material was extracted with ethyl acetate (pH 3.0) in 250 mL Erlenmeyer’s flasks. It was then incubated at
28 °C in rotary shaker at 200 rpm for 2 h. After 2 h, mixture was centrifuged at 10,000 rpm for 10 min and supernatant was
filtered through membrane filter with a pore size of 0.45μm. This supernatant was used for further chromatographic and
spectroscopic analysis.

Quantitative analysis of lovastatin
To 1 mL of the supernatant, 1 mL of trifluroacetic acid (1%) was added and incubated for 10 min (Lactonization of
hydroxyl acid form of lovastatin). From the above solution, 0.5 mL was taken and diluted 10 times with methanol and its
absorbance was read at 238 nm by using UV-Visible Spectrophotometer (Mielcarek et al., 2009).
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Thin layer chromatographic analysis
The residue after filtration was subjected to thin layer chromatography. The standard and sample spots were spotted on the
sample line and developed with cyclohexane: chloroform: isopropanol (5:2:1).

High performance liquid chromatographic analysis
Lovastatin present in the extraction (10 mL) was lactonized with 10 mL of trifluoroacetic acid (1%) (Sayyad et al., 2007).
Extracts were dried and concentrated under reduced pressure. Finally, acetonitrile was added for high performance liquid
chromatography (HPLC) analysis (RPHPLC) system (Agilent 1100 series) using Novapak C18 column (150 mm length x
3.9 mm ID). Mobile phase consisted of acetonitrile and water (pH 4.4 adjusted using phosphoric acid) with a volume ratio
of v/v=65:35 and with the flow rate of 1.0 mL/min and lovastatin was detected at 238 nm.

Purification of lovastatin
Unlactonized crude lovastatin extract was concentrated (10 mL) under reduced pressure to get viscous mass (Skoog et al.,
1998). The slurry of crude lovastatin extract was then prepared by adding silica gel of 60-120-mesh size in a porcelain dish,
with continuous stirring until it was adsorbed on silica gel and dried completely (Skoog et al., 1998). Elution of the column
was performed in a stepwise manner starting with 70 mL of 100% dichloromethane, followed by different ratios of
dichloromethane-ethyl acetate. (viz. 20:1, 10:1, 6:1, 3:1 and 1:1 v/v). The fractions with the same mobility as standard were
combined and evaporated to dryness. Acetonitrile was added drop wise until it was solubilized. The solution was kept for
one month at low temperature (4 ºC) for crystallization. After the crystallization process petroleum ether, in which the
desired compound was insoluble, was added and then decanted to get lovastatin crystals. Washing with petroleum ether was
done to remove the impurities from the crystals. Finally, the pure crystals recovered were dried in desiccators and weighed
(Mendham et al, 2002). The purified lovastatin crystals was analyzed for NMR and cytotoxic studies.

Structure analysis
The structures were identified by 1H NMR, 13C NMR. The purified lovastatin was dissolved in chloroform for NMR
experiments, which were carried out as described by Berger and Baun, (2004). The NMR spectrum was recorded using a
Varian Mercury plus 500 MHz.

Cytotoxic assays
Cell treatment procedure
The monolayer cells were detached with trypsin-ethylenediaminetetraacetic acid (EDTA) to make single cell suspensions
and viable cells were counted using a hemocytometer and diluted with medium with 5% FBS to give final density of 105
cells/mL. One hundred microlitres per well of cell suspension were seeded into 96-well plates at plating density of 10,000
cells/well and incubated to allow for cell attachment at 37 oC, CO2 (5%) air (95%) and 100% relative humidity. After 24 h
the cells were treated with serial concentrations of the extracts and fractions. They were initially dissolved in
dimethylsulfoxide (DMSO) and further diluted in serum free medium to produce five concentrations. One hundred
microlitres per well of each concentration was added to plates to obtain final concentrations of 100, 50, 25, 12.5 and 6.25
µM. The final volume in each well was 200 µl and the plates were incubated at 37 oC, CO2 (5%) air (95%) and 100%
relative humidity for 48 h. The medium containing without samples were served as control. Triplicate was maintained for all
concentrations. The percent cell inhibition was determined using the following formula.
Cell inhibition (%) = 100- Abs (sample)/Abs (control) x100.
Nonlinear regression graph was plotted between percent cell inhibition and Log 10 concentration and IC50 was determined
using GraphPad Prism software (Mosmann , 1983; Monks et al., 1991).

RESULTS AND DISCUSSION
Isolation of endophytic fungi
For the studies, the plant segments (bark, stems and leaves) were collected from Taxus baccata (known as Himalayan yew)
trees grown in a homogenous (uniform) environment at Jageshwar, Almora district, Central Himalaya, India. Endophytic
fungal strains were recovered from most of the analyzed tissues (bark, stems and leaves). Endophytes were more frequent in
woody tissues (bark and stems) rather than herbaceous ones (leaves). In the first type of tissues 50 pure cultures of fungi
were collected and 7 in the second one (Table 1).
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There were four samples in which no fungal strains were isolated.
The most frequently isolated genera were Alternaria, Fusarium and Mucor. In particular Alternaria was isolated from that
most analyzed plant materials and can be considered a resident genus of Taxus baccata. Fusarium strains also occurred and
their presence was related to woody tissues. Four of them were found to be Aspergillus sp, 2 were Penicillum sp, 4 were
found to be Mycelia sterilia that do not differentiate reproductive structures, and 6 were unidentified fungi.

Table 1 Number of isolated fungal strains in relation to their genus and isolation source
Genus
Isolated strains
No. of lovastatin
producers
Woody
Herbaceo
tissues
ustissues
Alternaria
14
3
Aspergillus
4
3
Aureobasidiu
1
m
Botriosphaeri
1
aFusarium
9
1
Mucor
4
2
Penicillum
2
1
Pestalotia
1
Phoma
2
Rhizopus
2
Myceli sterilia 4
2
Unidentified
6
Total
50
7
5
This finding is in agreement agrees with the results obtained in similar reports on different plant species both conifers and
deciduous trees (Kowalki and Kehr, 1996). Particularly the identified genera cause the biodegradation of woody organs that
are the only structures on which they can produce the characteristic reproductive structures. The endophytes have
characteristics which favors the growth inside plant tissues, some particular fungi functions permit the metabolite to
overcome the chemical barriers, natural or induced, present in the host tissues. From this point of view endophytic
population of yew could be considered as adaptations (Caruso et al., 2000). Moreover the distribution of these fungi in their
hosts is affected by many factors, such as the age of the tree, the season, the height above the sea level. The number of
specimens and the species number is also different. In our study the result was in agreement with previously studied
literatures which presented diversity (Sreedevi et al., 2011).

Screening of lovastatin producing organisms
Among the 57 fungus isolated, 5 organisms were identified as producers of lovastatin (Table 1). No lovastatin was detected
from other 52 fungal strains. Aspergillus PN2 showed high lovastatin yield (1.5 mg/g) (data not shown). Fig 1.1 shows the
TLC screening of the isolated fungi. Endophytes provide a broad variety of bioactive secondary metabolites with unique
structure, including alkaloids, benzopyranones, chinones, flavonoids, phenolic acids, quinones, steroids, terpenoids,
tetralones, xanthones, and others (Baker et al., 2000; Tan and Zou, 2001). Such bioactive metabolites find wide-ranging
application as agrochemicals, antibiotics, immunosuppressants, antiparasitics, antioxidants, and anticancer agents (Castillo
et al., 2002). Lovastatin is produced by several fungal isolates such as Aspergillus terreus, Monascus sp, Aspergillus niger,
Aspergillus flavus, Penicillium purpurogenum, Pleurotus sp, Trichoderma viride etc . But a wide variation was observed in
the quantity of lovastatin produced by these cultures. Other fungal isolates recorded lower yield of lovastatin. Shindia
(1997) isolated 25 fungal species from Egyptian soil as well as compost samples. The results showed that nearly one third of
the strains were lovastatin producers. Jaivel and Marimuthu (2010) isolated seven lovastatin producers from soil and oyster
mushroom beds among which Aspergillus terreus recorded maximum yield.

International Journal of Applied Biology and Pharmaceutical Technology
Available online at www.ijabpt.com

Page: 345

Palaniswamy et al
Similarly 79 organisms were screened for lovastatin producing potential by Neurospora crassa bioassay (Sreedevi et al.,
2011). Twenty three fungal species of ten genera isolated from soil were screened for lovastatin production on oat meal
production medium. The results showed that 56% of the isolates were positive for lovastatin production Osman et al., 2011).
From the results obtained during the present study 5 organisms were identified by TLC screening (Fig 1) and quantitative
analysis by UV spectrophotometer (data not shown) as producers of lovastatin by solid state fermentation of wheat bran.
The fungi A. niger strain PN2 producing the highest lovastatin content was selected for further studies.
The spore-producing filamentous fungi were detected and identified to the genus and species levels based on morphological
characteristics (Raper and Fennel, 1965; Qi and Kong, 1997; Klich, 2002). Culture and collection of mycelium were carried
out as previously described (Zhao et al., 2004). For sequence analysis, DNA was extracted from lovastatin-producing
fungus PN2 and identified using methods previously described.
The sequences obtained were submitted to GenBank for homology search with Blast (http:// rdp.cme.msu.edu and http ⁄ ⁄
ncbi.nim.nih.gov). The sequences of the 28S rDNA were aligned with those of related fungal strains retrieved from the
GenBank databases using ClustalX. Based on the D1/D2 Region- PCR analysis , the fungal culture PN2 showed 100%
similarity with Aspergillus niger strain DAOM 221143 (Accession No: JN938930.1). The endophytic fungus Aspergillus
niger from Taxus baccata has never been reported to be able to produce lovastatin. In addition, Aspergillus niger var. taxi, a
new species variant of taxol-producing fungus isolated from Taxus cuspidata in China was reported by Zhao et al (2009)
which confirmed that Aspergillus niger was an endophytic fungi whose genome has been recently sequenced. Annotation of
genomic sequences suggested that it also has lovastatin biosynthetic gene cluster. Our present study is the first report for the
isolation, characterization and identification of a new variant of the Aspergillus niger from Taxus baccata in India that is
able to produce lovastatin at a high amount in SSF.

Fig. 1.1 TLC screening of the isolated fungi.
Identification and characterization of lovastatin producing strain A. niger PN2
Consensus sequence data of culture Aspergillus niger PN2: (568 bp)
GGATTGCCTCAGTAACGGCGAGTGAAGCGGCAAGAGCTCAAATTTGAAAGCTGGCTCCTTCGGAGTCCG
CATTGTAATTTGCAGAGGATGCTTTGGGTGCGGCCCCCGTCTAAGTGCCCTGGAACGGGCCGTCAGAGA
GGGTGAGAATCCCGTCTTGGGCGGGGTGTCCGTGCCCGTGTAAAGCTCCTTCGACGAGTCGAGTTGTTT
GGGAATGCAGCTCTAAATGGGTGGTAAATTTCATCTAAAGCTAAATACTGGCCGGAGACCGATAGCGCA
CAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGAAAAGAGAGTTAAACAGCACGTGAAATTGTTGAAA
GGGAAGCGCTTGCGACCAGACTCGCCCGCGGGGTTCAGCCGGCATTCGTGCCGGTGTACTTCCCCGTGG
GCGGGCCAGCGTCGGTTTGGGCGGCCGGTCAAAGGCCCCTGGAATGTAGTACCCTCCGGGGTACCTTAT
AGCCAGGGGTGCAATGCGGCCAGCCTGGACCGAGGAACGCGCTTCGGCACGGACGCTGGCATAATGGTC
GTAAACGACCCGTCTT
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Fig. 1.2. Blast result of the endophytic strain

Purification of lovastatin
Chromatography of lovastatin
The lovastatin peak was detected at a retention time of 4.7 min. Different fractions obtained from chromatographic column
were analyzed for the presence of lovastatin. Resemblance in retention time (RT) of peak shown in chromatograms of
standard lovastatin (RT = 4.766 min) and sample (RT= 4.766) respectively (Fig. 1.3 a, b), confirmed the presence of
lovastatin. Similar results shown by Sharma et al., (2002) proposed a RPHPLC method using a Shim-pack C18 column. The
mean retention time for lovastatin (acid form) was 4.3 min. Friedrich et al., (1995) have also developed an accurate
RPHPLC method for lovastatin estimation in fermentation broth. Another RPHPLC method was developed by Kysilka
(1993). They eliminated the extraction step and used the clear supernatant after the centrifugation for analysis. Separon
SGXC18 column (150 X 3 mm ID) packed with 5 μm particles was used. Mobile phase was methanol: 18 mM
orthophosphoric acid (77.5:22.5, v/v) and the flow rate was set at 0.5 mL/min. Detection was done at 25 oC and at 238 nm
using UV detector. The mean retention for lovastatin acid form was 6.0 respectively.

Fig. 1.3a Standard spectrum of lovastatin

1.3b spectrum of fungal lovastatin
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Fig. 1.4a. 1H NMR spectrum of fungal lovastatin

1.4b. 13C NMR spectrum of fungal lovastatin

Morovjan et al, (1997) developed a method in which fermentation broth was mixed directly with acetonitrile and H 3PO4 was
added to maintain the acidic condition. A Novapak C18 column (150 X 3.9 mm ID) with packed particles of 4 μm size was
used. A 1:1 mixture of acetonitrile and 0.1 % phosphoric acid was used as a mobile phase and the flow rate was set at 1.5
mL/min. Detection was done at 25 oC at 235 nm. The injection volume was 10 μL and the detection limit was 50ng/mL. The
mean retention time for lovastatin acid form was 4.7 min .
NMR determination of lovastatin showed resonances at δ 6.05-6.01 ppm, δ 5.90-5.84 ppm, δ 5.61-5.56 ppm, δ 5.37-5.32
ppm, δ 4.39-4.34 ppm (mid-field region) and δ 2.85-2.76 ppm, δ 2.63-2.56 ppm, δ 2.44-2.33 ppm, δ 1.98-1.93 ppm, δ 1.641.57 ppm, δ 0.91-0.85 ppm (aliphatic range) (Holzgrabe et al., 1998). However, the resonances in the aliphatic range were
unsuitable for quantification because they showed strong overlap with matrix compounds considering signals in the midfield region (Figure 1.4a, b), we used the multiplet at δ 5.37-5.32 ppm for quantification because this led to the best
sensitivity and this signal was not interfered in any case in our samples. Thus, more advanced techniques, such as
multivariate regression or curve deconvolution, were not required. While the conditions were not directly comparable to any
of these studies, the literature data along with the spectral prediction showed that the multiplet at δ 5.37-5.32 ppm clearly
belonged to an H-atom at the hexahydronaphthalene moiety, most probably H6, H4 or an overlap of the signals of both atoms
(Fig. 1.4 a, b). The 1H NMR spectral data of lovastatin was found to be in concurrence with reported spectral data (Alarcon
et al., 2003; Patel and Patel, 2007).
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Fig. 1.5. HeLa cell line sample concentration (A) Control, (B) 6.25 µM, (C) 12.5 µM, (D) 25 µM, (E) 50 µM and (F)
100 µM (G) Growth inhibition (%)

International Journal of Applied Biology and Pharmaceutical Technology
Available online at www.ijabpt.com

Page: 348

Palaniswamy et al
(A)

(B)

(C)

(D)

(E)
(E)

(F)
(G)
% Growth Inhibition

100
80
60
40
20
0
0.0

0.5

1.0

1.5

2.0

2.5

Log10 concentration (uM)

Fig 1.6. HepG2 cell line sample concentration (A) Control, (B) 6.25 µM, (C) 12.5 µM, (D) 25 µM, (E) 50 µM and (F)
100 µM. (G) Growth inhibition (%)

Cytotoxic assay
Cytotoxicity is one of the properties of antitumor agents (Suffness and Pezzuto, 1991). The effective concentration of 50%
cell death (EC50) was found to be 23.58µM for the human cervical cancer cell line (HeLa cell line) and 39.77µM for liver
hepatocarcinoma cell lines (HepG2) respectively (Fig 1.5 and 1.6).
These results indicated that lovastatin is a strong cytotoxic agent which partially explains its antitumor activity and can be
suggested for therapeutic use as a cancer chemo preventive agent. Recent evidence shows that statin is not only capable of
reducing cardiac disease related mortality, but cancer incidence is also reduced by 28-33 % (Blais et al., 2000). Apart from
lovastatin other statins are shown to be cytotoxic or induce apoptosis in leukemia cell lines (Dimitroulakas et al., 2000),
prostate cancer cell lines (Maltese et al., 1985), colon cancer (Agarwal et al, 1999), pancreatic cancer cell line (Muller et al.,
1998).

CONCLUSION
Thus far, lovastatin production has only been reported from soil fungi A. terreus. Whereas, in this investigation we
documented the isolation and production of lovastatin by an endophytic fungi A. niger for the first time. This investigation
evidently confirmed through spectroscopic and chromatographic analysis that the lovastatin purified was identical to the
authentic standard lovastatin. Moreover, the amount of lovastatin production from endophytic fungus A. niger PN2 reported
was found to be higher than those of already the reported fungi A. terreus. This fungus can serve as a potential species for
genetic engineering and biotransformations of lovastatin in order to enhance the production of lovastatin.
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