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Abstract: Twenty three fungal isolates were tested for their ability to produce cholesterol lowering
drugs (Lovastatin). Lovastatin, is a competitive inhibitor of 3-hydroxy-3-methylglutaryl-CoA reductase,
the rate limiting enzyme of chloesterol biosynthesis. The fungal isolates were cultivated in a two
stages submerged fermentation followed by testing for the presence of lovastatin. Thirteen species of
six genera were found to be lovastatin producers. Aspergillus terreus (1) was the best lovastatin
producing isolate with a level of 52.9 μg lovastatin per ml of screening production medium. Different
substrates and waste products such as molasses, apple waste, strawberry waste, bagasse, wheat bran,
corn meal and whey were tested for lovastatin production. Bagasse was found to be the most suitable
substrate for lovastatin production (50 μg/ml).
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INTRODUCTION

Lovastatin (C24H36O5) a potent drug for lowering blood cholesterol, also called Mevinolin, Monacolin K
and Mevacor (Fig.1), fungal secondary metabolites which inhibit hydroxymethyl glutaryl-coenzyme A (HMG-
CoA) reductase, the first enzyme in cholesterol biosynthesis (Manzoni and Rollini, 2002). 
        

Fig. 1: Structural formulae of (a), lactone; (b), open  hydroxyl acid forms of lovastatin

These compounds, which are members of a drug family generally called statins, are known to exist in open
hydroxy acid as well as in lactone forms. The major form of lovastatin in fermentation broth is the open
hyroxy acid form (mevinolinic acid). However, it is generally in lactone form (mevinolin) when administered
to the patients as drug. In vivo, the lactone form of the compound is converted to the open hydroxy acid,
which is the biologically active form of the statin. The inhibitory effect of open hydroxy acid form of statins
is due to their structural homology with HMG-CoA (Gunde-Cimerman et al.,1973).
         Several fungal genera including Aspergillus, Penicillium, Monascus, Paecilomyces, Trichoderma,
Scopolariopsis, Doratomyces, Phoma, Phythium, Gymnoascus, Hypomyces and Pleurotus have been reported
to be able to produce lovastatin (Shindia, 1997).

Different yeast species showed that they are able to synthesize hydroxy-methyl-glutaryl-CoA (HMG-CoA)
reductase inhibitors (Nina et al., 1995). Lovastatin has been extracted from basidiomyctes strain which has
proven anticancerigenous properties (Julio Alarcon et al., 2003).

MATERIALS AND METHODS

Organisms and fermentation condition
Twenty three fungal isolates were isolated from three different locations of Egyptian soil sources including 

Corresponding Author: Osman, M.E.,  Department of Botany and Microbiology, Faculty of Science, Helwan University,
Ain Helwan, Cairo, Egypt
E-mail: roby1432009@yahoo.com

698



Aust. J. Basic & Appl. Sci., 5(6): 698-703, 2011

(Mansoura Governorate, Helwan area and Maadi area). The isolated and purified fungi were identified to
species level whenever possible. The identification of fungal genera and species was carried out according to
the following references:

¨  John (1979), for Penicillium sp.
¨  Gilman (1957), for soil fungi.
¨  Domsch and Gams (1980), for Aspergillus and Penicillium species.  

The fungal species were cultured in a two-steps submerged fermentation. A mycelial disc (about 0.5 cm)
from each isolate was placed in the broth seed medium. The mycelial discs were obtained from cultures grown
on potato dextrose agar at 28°C for 7 days. The seed cultures were incubated at 28°C for 24 hours. The
constituents of the seed medium are (g/l): 5 corn steep liquor, 10  oatmeal,  10 glucose, 10 ml trace element
stock solution and water to 1 liter (pH 6.8). The trace element stock solution composed of 1 g FeSO4.7H2O,
1 g MnSO4.4H2O, 25 mg CuCl2.2H2O, 100mg CaCl2.2H2O, 56mg H3BO3,19mg (NH4)6Mo7O24. 2H2O, 200mg
ZnSO4.7H2O and water to 1 liter (Siamak  et al., 2003)

Ten ml of the seed broth was used as inoculum for the production medium which contains (g/l): 50 
glucose, 20 yeast extract, 20  oat meal, 10 sodium acetate, 5 ammonium sulfate, 2 potassium dihydrogen
phosphate, 10 ml trace element stock solution and water to 1 liter (Gunde-Cimerrman et al., 1973). The pH
adjusted to 7 with NaOH. Culture flasks each containing 50 ml of production medium were incubated at 28°C
for 7 days.

Effect of different waste products:
Some cheap manufacture products and residues were investigated as substrates for lovastatin production.

The oat meal in production medium was replaced by different waste products such as: molasses, apple waste,
strawberry waste, bagasse, wheat bran, corn meal and whey. Autoclaved and then inoculate as usual by actively
grown mycelium in seed medium. Incubation was carried out for 7 days at 28<C. At the end of incubation
period, lovastatin productivity was estimated.

Extraction:
At the end of the fermentation period, the contents of each flask (medium and mycelia) were adjusted to

pH 3 by concentrated HCl followed by addition of 25 ml from a mixture of ethyl acetate: cyclohexane (65:35
v/v). The whole fermentation flask was then cooled for 24 hours. After the extraction was complete, it was
centrifuged at 1500xg for 12 min and the aqueous and organic phases were seperated. The mycelia and the
aqueous phase were discarded, while the organic phase was further treated. The obtained organic phase was
completely evaporated under vacuum in a rotatory evaporator at 60 <C and the dried residue was dissolved in
10 ml methanol (Siamak et al., 2003).

Assay of lovastatin:
0.1 ml from each sample was taken into 10 ml volumetric flask and the volume was made up to mark

with methanol, the absorbance was measured by UV spectrophotometer (T 60 U Spectrometer PG Instruments
LTD) at 245 nm. The concentration of lovastatin was calculated in µg/ml of final methanol solution using
corresponding calibrated curve (Rajput and Raj, 2009; Jaivel and Marimuthu, 2010).

Standard curve:
The pure lovastatin standard has been generously provided by El-obour modern pharmaceutical industries

co. (Merge pharmaceutical co.). Standard stock solution of lovastatin were prepared by dissolving 8 mg of
lovastatin in 200ml methanol (40mg/ml). Accurate volumes (1-40mg/ml) were transferred into 10 ml calibrating
flask and the volume was adjusted up to the mark with methanol. The calibration curve was constructed by
plotting drug concentration versus the absorbance values measured on UV spectrophotometer at 245 nm (Rajput
and Raj, 2009).

Statistical Analysis:
Results were statistically analyzed according to Duncan (1988). Duncan’s multiple range tests were used

to compare between means of treatments.
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RESULTS AND DISCUSSION

The aim of this study was to detect the potentiality of lovastatin production by some filamentous fungi.
Twenty three fungal species of ten genera and twenty three species were screened for lovastatin production

on oat meal production medium. These experimental fungal species are Aspergillus flavus, Aspergillus niger
1, Aspergillus niger 2, Aspergillus oryzae, Aspergillus terreus 1, Aspergillus terreus 2, Aspergillus versicolor,
Biospora sp., Cladosporium macrocarpum, Cylindrocarpon radicicola, Lentinus edodes LC2141, Lentinus
edodes LC202, Oidiodendron sp., Penicillium corylophilum, P. expansum, P. janthinellum, P. purpurogenum,
P. simplicissimum, P. spinulosum, P.thomii, Scopulariopsis brevicaulis, Trichoderma viridae, Mycelia sterilia. 

Thirteen species of six genera were considered as lovastatin producers (Table 1). Ten fungal species failed
to grow on screening production medium as well as lovastatin production. While 8 fungal species (Aspergillus
niger (2), Aspergillus terreus (2), Biospora sp., Cylindrocarpon radicicola, Penicillium expansum, Penicillium
janthinellum, Penicillium spinulossum and Mycelia sterilia) produced low concentration of lovastatins (less than
20µg/ml). Three fungal species (Aspergillus niger (1), Aspergillus oryzae, Trichoderma viridae) produced
moderate concentrations of lovastatin (20-40µg/ml). Two fungal species (Aspergillus flavus, Aspergillus terreus
(1) produced high concentration of lovastatin (more than 40µg/ml).The results also showed that 56% of the
isolates were positive for lovastatin production. The following fungi recognized as lovastatin producers:
Aspergillus terreus 1 (52.9 μg/ml), Aspergillus flavus (48.4 μg/ml), Aspergillus oryzae (37 μg/ml),  Aspergillus
niger 1 (29 μg/ml), Aspergillus terreus 2 (15.2 μg/ml), Mycelia sterile (15.3 μg/ml), Penicillium spinulosum
(15.8 μg/ml), Penicillium janthinellum (10.6 μg/ml) (Table 2). From screened isolates; Penicillium corylophilum,
Lentinus edodes LC 2141, Lentinus edodes LC202, Scopulariopsis brevicaulis, Aspergillus versicolor, 
Oidiodendron, 16, Penicillium purpurogenum, showed no growth on production screening medium, while some
isolates Cladosporium macrocarpum,  Penicillium janthinellum,

Penicillium expansum, Penicillium simplicissimum, showed very weak growth in production medium with
low or no lovastatin productivity. On the other hand some isolates grow well on production medium but there
is no any yield of lovastatin.

Among lovastatin producers, Aspergillus terreus(1)(Fig. 2) has been found as the best lovastatin producing
species (production level up to 52.9 μg/ml) and its identification has been confirmed by the help of the
Regional Center for Mycology and Biotechnology, Al-Azhar University., followed by 48 μg/ml (Table 2)
produced by Aspergillus flavus; the rate of lovastatin produced by Aspergillus flavus was not significantly
different from that of Aspergillus terreus(1).

Other lovastatin producers were only able to produce the compound in a concentration ranges from 7-30
μg/ml. 

Siamak et al. (2003) screened 110 strains of 22 genera and 50 species for lovastatin production. Certain
species of four genera were identified as producers of the compound. No lovastatin detected in fermentation
broth of the other 18 genera. They were found that, from screened strains, a Verticillium sp., Beau-veria
bassiana, Mortierella vinacea, Paecilomyces lilacinus showed no growth in production screening medium.
Among lovastatin producers, Aspergillus terreus was the best lovastatin producing strain (55mg/l). Other
lovastatin producers were only able to produce lovastatin in a concentration less than 20 mg/l (A. parasiticus
(4.5 mg/l), A. fischeri (2 mg/l), A. flavus (9mg/l), A. umbroscus (14.1 mg/l),

Table 1: Screening for lovastatin productivity.
Fungal species Lovastatin production Source of the fungal species
Aspergilli
Aspergillus flavus + Maadi area
Aspergillus niger (1) + Iron ore from Master studies
Aspergillus niger (2) + Helwan area
Aspergillus oryzae + Maadi area
Aspergillus terreus(1) + Maadi area
Aspergillus terreus (2) + Mansoura
Aspergillus versicolor - Helwan area
Biospora sp. + Mansoura
Cladosporium macrocarpum - Iron ore from Master studies
Cylindrocarpon radicicola + Maadi area
Lentinus
Lentinus edodes LC2141 - Agriculture Research Center, Giza, Egypt
Lentinus edodes LC202 - Agriculture Research Center, Giza, Egypt
Oidiodendron sp. - Mycological lab., Botany and Microbiology Department, Faculty of Science,

Helwan University.
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Table 1: Continue
Penicilli
Penicillium corylophilum - Mansoura
Penicillium expansum + Maadi area
Penicillium janthinellum + Maadi area
Penicilium purpurogenum - Helwan area
Penicillium simplicissimum - Mansoura
Penicillium spinulosum + Mansoura
Penicillium thomii - Maadi area
Scopulariopsis brevicaulis - Helwan area
Trichoderma viridae + Mycological lab., Botany and Microbiology Department, Faculty of Science,

Helwan University.
Mycelia sterilia + Mansoura

Fig. 2: Aspergillus terreus (1)

Character of Aspergillus terreus (1) Examination
* Culture Examination:
Growth  characteristics Colonies on Czapek agar at 25 °C attaining a diameter of 3.0-3.5 cm within 7 days gives buff

to yellow brown with predominant columnar biseriate heads, with irregular margins. Yellowish to 
brown reverse.

* Microscopic Examination:
Conidial heads Columnar , 60.5 μm
Vesicle diameter Sub-globose 12.3 μm in diameter.
Primary Sterigmata 5.4X2.3 μm
Secandary Sterigmata 6.0X1.2 μm.
Conidiophore diameter    5.2 μm in diameter.
Conidia Globose, smooth, 2.1 μm in diameter.

Penicillium funiculosom (pinophilum) (19.3 mg/l), Trichoderma viridae (9 mg/l), T. longibrachiatum (1
mg/l) and Acremonium chrysogenum (2.5 mg/l)). Gunde-Cimerman et al. (1993) screened 380 fungal strains.
They detected lovastatin production in strain of Aspergillus terreus (up to 100 mg/l) and also with
Paecilomyces varioti and Pythium ultimum. They also reported lovastatin production in a concentration higher
than 1 mg/l but not more than 4.5 mg/l, for Aspergillus flavus, A. niger, A. repens, A. versicolor, Penicillium
variable, Pleospora herbarum and Trichoderma viridae.

Shindia (1997) investigated 25 fungal species. The results showed that nearly one-third of the strains were
positive for lovastatin production. Aspergillus terreus was the best lovastatin producer (84 mg/l) introduced in
his article. A number of Aspergillus terreus strains were screened by Szakacs et al. (1998), among them,three
produced lovastatin with equivalent or better yield than strain ATCC 20542 originally described for lovastatin
production. The best isolate TUBF-54 gave 400 µg/ml lovastatin. 

Four fungal strains of Aspergillus terreus (H 2, J 2, J 9 and I 2) and one Penicillium patulum were tested
for their potential to produce mevinolin.  Aspergillus terreus J 9 was the best strain for producing mevinolin
with a level of 148.6 mg/liter on dox rice medium (Atalla et al., 2008).

Effect of different waste products:
In the present study, different cheap manufacture waste products were tested for lovastatin production. All

the waste products used supported good growth on production medium. Among the tested substrates, bagasse
was found to be the most suitable substrate yielding 50 μg/ml lovastatin (Fig. 3) Strawberry waste was next
and produced 40µg/ml lovastatin. Molasses, whey, apple waste and corn meal resulted in 22, 32, 30 and 24
µg/ml respectively which was not significantly different from each others. In comparing these waste products
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with oat meal, oat meal remains the best lovastatin productivity (53µg/ml). All other waste products resulted
in lovastatin yield, which was significantly lower than that obtained by oat meal.

Table 2: Lovastatin production by tested fungal species grown on oat meal
Fungal isolates Lovastatin (μg/ml) Duncan's multiple range test
Aspergillus flavus 48.4 a
Aspergillus niger (1) 29.9 c
Aspergillus niger (2) 13.5 de
Aspergillus oryzae 37.6 b
Aspergillus terreus (1) 52.9 a
Aspergillus terreus (2) 15.2 b
Aspergillus versicolor 0 f
Biospora sp. 13 de
Cladosporium macrocarpum 0 f
Cylindrocarpon radicicola 7.1 e
Lentinus edodes LC2141 0 f
Lentinus edodes LC202 0 f
Oidiodendron sp. 0 f
Penicillium corylophilum 0 f
Penicillium expansum 6.6 e
Penicillium janthinellum 10.6 de
Penicilium purpurogenum 0 f
Penicillium simplicissimum 0 f
Penicillium spinulosum 15.8 d
Penicillium thomii 0 f
Scopulariopsis brevicaulis 0 f
Trichoderma viridae 36 bc
Mycelia sterilia 15.3 d
*Lovastatin means with different letters have significant differences between each other.

Valera et al. (2005) revealed that wheat bran was found to be the most suitable substrate yielding
13.49 mg g-1 dry solid of lovastatin. In this respect, Ruchir et al. (2010)  used a strain of Aspergillus terreus
UV 1718 to grow different solid substrates like agricultural wastes to check their suitability for lovastatin
production. They found that Wheat bran yielded maximum lovastatin among all substrates used. In contrast
with the present results, they stated that sugarcane bagasse showed low growth as well as low production of
lovastatin.

Szakacs  et al. (1998) also found wheat bran to be a suitable substrate for production of lovastatin.

Fig. 3: Effect of different waste products on the productivity of lovastatin by Aspergillus terreus (1).
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Although, preliminary studies showed low lovastatin production, Aspergillus terreus (1) could be
considered a promising fungal species and more detailed experiments will be carried to optimized the culture
condition in order to increase the productivity to be in a commercial level.
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