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ABSTRACT. Filamentous fungi are one of the most common 

microorganisms in tropical ecosystems. In particular, the cultivated soils in 

tropical countries can be considered as unique sources of novel fungal 

producers of different natural products. The present investigation is related 

to the isolation of novel pravastatin-producing fungal strain and the selection 

of fermentation medium for enhanced production of this natural statin. For 

this purpose, a number of fungal strains were isolated from little-explored oil 

palm plantation soils and tested for pravastatin production. The selected 

pravastatin-producing fungal culture was characterized and identified up to 

species level following the standard procedures. As the fermentation 

medium plays a vital role in carrying out the successful fermentation 

process, the pravastatin production was performed in different media 

compositions maintaining the fermentation conditions constant at 25°C and 

agitation speed at 180 rpm. Maximum pravastatin accumulation (198.65 

mg/L) was observed in a medium containing 30 g/L glucose, 30 g/L glycerol, 

4 g/L peptone, 2 g/L NaNO3, and 1 g/L MgSO4·7H2O.   

 

KEY WORDS: filamentous fungi, media screening, natural statin, 
submerged cultivation. 

 
 
 
INTRODUCTION  
 
Cholesterol is an essential lipid compound in the human body. However, in 
excess, it can be harmful to human health. Currently, hypercholesterolemia 
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is considered a primary risk factor for coronary heart disease and stroke, 
the major causes of death in some developed and developing countries. 
For this reason, control of cholesterol levels in the blood by inhibiting its 
biosynthesis in the human body has received a lot of attention (Pahan 
2006).  

Statins are considered extremely successful antihy-percholesterolemic 
drugs that reduce the level of cholesterol in the bloodstream of patients 
who have a risk of heart attacks or strokes. Pravastatin is one of the 
valuable natural statins which is currently produced based on microbial 
fermentation processes. It is a specific inhibitor of cholesterol biosynthesis, 

which competitively inhibits the regulatory enzyme, 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (Manzoni & Rollini 2002, Barrios-
González & Miranda 2010). In comparison with other statins, pravastatin is 
a highly selective natural inhibitor of hepatic cholesterol synthesis. 
Therefore, as a pharmaceutically valuable hypocholesterolemic agent, it is 
widely used for the prevention and treatment of atherosclerosis, coronary 
heart disease, and stroke (Koga et al. 1990, Barrios-González & Miranda 
2010). As it was highlighted in a recent review, in addition to its 
antihypercholesterolemic effect, pravastatin has a number of important 
applications, including inhibition of tumor growth, stimulation of insulin 
secretion, and improvement of insulin sensitivity. Moreover, this natural 
statin reduces the risk of developing Alzheimer’s disease (Syed & 
Ponnusamy 2018). It is known that microorganisms are widely distributed 
throughout nature.  

Previously, various microbial sources were examined for the production 
of natural statins. Several fungal genera including Aspergillus, Penicillium, 
Monascus, Paecilomyces, Trichoderma, Scopulariopsis, Doratomyces, and 
Pleurotus were able to synthesize lovastatin (Endo et al. 1986, Shindia 
1997, Manzoni & Rollini 2002). Among the few microbial strains used for 
the biosynthesis of compactin (precursor of pravastatin) are Penicillium 

citrinum (Endo et al. 1986), Penicillium cyclopium (Bazarra et al. 1998) and 
Penicillium brevicompactum (Shaligram et al. 2009). Although compactin is 
not used pharmaceutically, it is an important intermediate compound in 
industrial pravastatin production, which is currently based on a two-step 
fermentation process (Syed & Ponnusamy 2018). However, the conversion 
of compactin to pravastatin is inhibited by its own high concentration. 
Therefore, the development of a one-step fermentation process, based on 
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an active microbial producer that accumulates pravastatin directly, could be 
an attractive alternative to the existing process.  

A survey of the literature showed that just several fungal species have 
been reported to be able to synthesize pravastatin. For example, Manzoni 
et al. (1999) reported the ability of several strains of Aspergillus and 
Monascus to produce pravastatin directly in culture. Later, our research 
group reported that Penicillium janthinellum and P. citrinum are also 
capable of producing this natural statin (Seydametova 2015, Seydametova 
et al. 2015). However, the concentrations of pravastatin obtained from 
these fugal strains were relatively low.  

Isolation, screening, and selection of fungi having greater ability to 
produce pravastatin directly are fundamental and most important steps for 
a successful one-step fermentation process. The soil is one of the most 
important habitats for filamentous fungi. However, the information on the 
direct biosynthesis of pravastatin by fungi associated with oil palm 
plantation soil is still limited. Different types of soils from these habitats 
usually contain significant amounts of lipid compounds (Muniandy et al. 
2009). Therefore, we hypothesized that oil palm plantation soil might be a 
potential source harboring active pravastatin-producing filamentous fungi.  

It is known that natural microbial isolates usually produce commercially 
important products in very low concentrations and, therefore, work is 
required to increase the productivity of the chosen microorganism. For any 
microbial fermentation system, the level of metabolite accumulation is 
dependent on the fermentation medium. In fact, statistical methods for 
developing the best medium formulation for maximizing the production of 
target metabolite are well-established practices. However, a rigorous and 
extensive research program is needed to devise the most suitable medium 
for the production of a given microbial product using these methods. The 
higher amount of target product per unit volume may also be achieved by 
the selection of the available fermentation medium for a particular microbial 
producer. Therefore, the screening of several reported media to determine 
which yields the increased level of production of the target microbial 
metabolite is advisable. Despite a considerable amount of knowledge being 
available about optimization of medium composition for enhanced 
lovastatin and compactin biosynthesis (Kónya et al. 1998, Szakacs et al. 
1998, Manzoni et al. 1998, Shindia 2001, Chakravarti & Sahai 2002), there 
is a lack of information about the fermentation media suitable for the direct 
production of pravastatin. Therefore, the objectives of the present study 
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were: (1) to isolate and characterize the novel fungal producer of 
pravastatin and (2) to investigate the effect of various medium compositions 
on pravastatin production by this culture. 

 
 

MATERIALS AND METHODS  

 

Isolation of fungal culture 

The fungal strain used in this study was isolated from peat soil collected from a 15-
year-old oil palm plantation in Pahang State of Peninsular Malaysia following the 
procedure reported by Warcup (1950).  
 

Characterization and identification of fungal isolate  

The fungal cultures were initially isolated by plating collected soil samples on 
Potato-Dextrose Agar (PDA) purchased from Merck (g/L): potato infusion – 4 
(infusion from 200 g potatoes), D(+) glucose – 20, agar-agar – 15 (pH 5.6±0.2). 
Then a purified fungal isolate was transferred from PDA to appropriate diagnostic 
agar media for morphological identification (Pitt 1979, Samson & Pitt 2000): 1) 
Czapek-Dox (CZ) Agar (g/L): NaNO3 – 3, sucrose – 30, K2HPO4·3H2O – 1.3, 
MgSO4·7H2O – 0.5, KCl – 0.5, FeSO4·7H2O – 0.01, CuSO4·5H2O – 0.005, 
ZnSO4·7H2O – 0.01, agar-agar – 15 (pH 6.3±0.2); 2) Czapek Yeast Autolysate 
(CYA) Agar (g/L): NaNO3 – 3, yeast extract (Difco) – 5, sucrose – 30, 
K2HPO4·3H2O – 1.3, MgSO4·7H2O – 0.5, KCl – 0.5, FeSO4·7H2O – 0.01, 
CuSO4·5H2O – 0.005, ZnSO4·7H2O – 0.01, agar-agar – 20 (pH 6.3±0.2); 3) Malt 
Extract Agar (MEA) purchased from Merck (g/L): malt extract – 30, peptone from 
soymeal – 3, agar-agar – 15 (pH 5.6±0.2); 4) Yeast Extract Sucrose (YES) Agar 
(g/L): yeast extract (Difco) – 20, sucrose – 150, MgSO4·7H2O – 0.5, CuSO4·5H2O – 
0.005, ZnSO4·7H2O – 0.01, agar-agar – 20 (pH 6.5±0.2). The culture was 
incubated in the dark at 25°C for 7 days. Macroscopic observations were made on 
all diagnostic media. The macroscopic features examined included colony 
diameter, obverse and reverse colony colors. The standard medium used for 
microscopic observations was MEA. Microscopic characteristics such as 
conidiophore branching patterns were examined using an optical microscope 
(Primo Star Carl Zeiss, Germany). Molecular identification of the selected fungal 
strain was carried out using universal fungal primers ITS1 and ITS4 following the 
procedure described earlier (White et al. 1990, Seydametova 2015). These 
techniques allowed the fungal isolate to be identified to the species level.  
 

Media and fermentation procedure  

The composition of each fermentation medium used in this study is presented in 
Table 1. The pH of each medium was adjusted to the appropriate value with either  
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Table 1. Fermentation media used in this study. 
 

Medium Composition (g/L) Reference 
Medium I Glucose 30, glycerol 30, peptone 4, 

NaNO3 2, MgSO4·7H2O 1, pH 6.5 
Kónya et al. 1998 

Medium II Glucose 30, glycerol 70, peptone 8, 
MgSO4·7H2O 1, defatted soybean 
flour (52% protein and 1% fat) 30, pH 
6.4  

Manzoni et al. 1998, 
1999 

Medium III Lactose 40, defatted soybean flour 
(52% protein and 1% fat) 3, NaNO3 2, 
KH2PO4 3, MgSO4·7H2O 0.5, NaCl 
0.5, pH 6.5  

modified from  
Szakacs et al. 1998 

Medium IV Glucose 30, yeast extract 5, NaNO3 

3, KH2PO4 1, MgSO4·7H2O 0.5, KCl 
0.5, FeSO4·7H2O 0.01, 10 ml of trace 
elements stock solution containing 
ZnSO4·7H2O 1 and CuSO4·5H2O 0.5, 
pH 6.5  

modified from  
Shindia 2001 

Medium V Glucose 2, maltose 2, glycerol 13.5, 
urea 0.54, MgSO4·7H2O 0.05, pH 6.5  

Chakravarti & Sahai  
2002 

 

 

10% HCl or 10% NaOH before sterilization. All media were sterilized at 121°C for 
20 min using a Hiclave HVE-50 autoclave (Hirayama, Japan). Ten percent of the 
spore suspension (108 spores/mL) was used to inoculate each sterile fermentation 
medium. Submerged fermentation was carried out in a medium final total volume of 
50 mL in a 250-mL flask at 25○C, 180 rpm, for 10 days in an incubator shaker 
(Multitron® Version 2; Infors AG, Switzerland). 
 

 

Dry cell weight measurement 

Dry cell weight (DCW) was measured by filtering the contents of each flask through 
a pre-weighed Whatman filter paper No. 41. The collected biomass was washed 
with distilled water and dried at 105○C in a laboratory oven until constant weight. 
 

Analytical determination of pravastatin 

Ethyl acetate extracts from the whole-cell broths obtained according to the slightly 
modified extraction procedure of Manzoni et al. (1999) were used for HPLC 
analysis of pravastatin (Agilent 1200; Agilent Technologies, USA). The pH value of 
the whole cell broth was adjusted to 3±0.2 with 1 mol/L trifluoroacetic acid, and 
then an equal volume of ethyl acetate was added. Extraction was performed in an 
Ecotron incubator shaker (Infors HT, Switzerland) at 200 rpm and 30°C for 1 h. 
Each fermentation sample was filtered through a Whatman filter paper No. 41 and 
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the organic phase of the sample was collected. The ethyl acetate filtrates were 
then dried over anhydrous Na2SO4 followed again by filtration from the drying 
agent and concentrated using a rotary evaporator to a final volume of 4 mL. Five 
microliters from the organic phase were then injected for HPLC analysis on a 
250×4.6 mm ID Zorbax Eclipse Plus C18 column, 5µm particle size (Agilent 
Technologies, USA). The mobile phase consisted of acetonitrile and water (60:40, 
v/v) with a pH value adjusted to pH 3±0.2 by the addition of 1 mol/L H3PO4 (Kónya 
et al. 1998, Manzoni et al. 1999). The flow rate was maintained at 0.8 mL/min and 
detection was measured at 238 nm. HPLC grade pravastatin (≥ 98% purity) was 

used as a standard. 
 

Statistical analysis 

Each experiment was conducted in three replicates. Based on the obtained results, 
statistical analysis was conducted, and mean values with standard deviations were 
presented. 
 
 
RESULTS 

 

Characterization of pravastatin-producing fungal strain  

In the first part of our research, 34 fungal strains were isolated from soil 
samples collected from oil palm plantations in Pahang State of Peninsular 
Malaysia. Then, the isolates were screened for their ability to produce 
pravastatin directly via submerged fermentation. During our screening 
program, the best fungal culture, which showed maximal pravastatin 
production potential as compared to other isolates, was designated as FI21 
and chosen for further studies.  

For centuries, the identification of filamentous fungi has been based on 
cultural and morphological characteristics. This approach provides fungal 
identification inexpensively, is not labour-intensive, and requires little 
equipment. Therefore, in order to characterize the selected fungal strain, its 
cultural and morphological features were studied first. The isolate FI21 had 
different obverse and reverse colony colors on different diagnostic agar 
media (Table 2). In addition to colony macro-morphology, micro-
morphological characteristics of the selected fungal culture (conidiophore 
branching and elements) were also examined. The cultural and 
morphological features of the isolate FI21 were broadly in agreement with 
the description of Penicillium brefeldianum species.  
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Table 2. Cultural characteristics of pravastatin-producing FI21 fungal strain on 
different diagnostic agar media. 

 

Character CZ CYA MEA YES 
Colony  
diameter (mm) 

11 24 52 26 

Colony  
obverse color 

white  
to cream 

white  
to cream 

pale bluish  
green 

grayish  
blue-green 

Colony  
reverse color 

bright yellow yellow-orange yellow-orange yellow-orange 

 

aCZ - Czapek-Dox Agar; CYA - Czapek Yeast Autolysate Agar; MEA - Malt Extract Agar; YES - 
Yeast Extract Sucrose Agar; bObservations were recorded after incubation at 25°C for 7 days. All 
measurements are presented as means from three replicates. 

 
 

Nowadays, molecular methods are also widely used to identify 
filamentous fungi up to species level more objectively. For the molecular 
approach, our strategy was to identify the FI21 strain by means of its 
nucleotide sequence comparison of the enzymatically amplified ITS1-5.8S-
ITS2 region of the rDNA with reference sequences. As the first step 
genomic DNA from the selected pravastatin producer was extracted. The 
polymerase chain reaction (PCR) was then utilized. It enabled a selected 
part of a genome to be amplified successfully producing a single PCR 
product of the desired length (526 base pairs). The purified amplicon was 
double-stranded sequenced. The pairwise aligned sequence data from the 
isolate FI21 were then compared with available sequences in the GenBank 
databases using the BLASTN program. From the analysis of the ITS1-5.8S-
ITS2 region of the rDNA, the selected fungal strain was found to be most 
similar to Penicillium brefeldianum 3352 (FJ527878) with the homology of 
99%. 
 
Selection of fermentation medium for pravastatin production 

When developing a microbial fermentation process, the selection of an 
appropriate fermentation medium is of critical importance because medium 
composition might significantly affect product concentration. Each microbial 
natural compound is accumulated to different levels in different media, and 
it is impossible to determine in advance which medium formulation is most 
suitable for a particular target metabolite. Therefore, the best medium must 
be determined empirically.  

Despite the extensive amount of knowledge gathered about the 
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Table 3. Influence of different fermentation media on the 
production of pravastatin by Penicillium brefeldianum FI21. 

 

Fermentation medium  Pravastatin concentration, mg/L 
Medium I 198.65±7.98 
Medium II 33.07±2.15 
Medium III 2.00±0.10 
Medium IV ND 
Medium V 2.52±0.07 

 

aResults are presented as mean ± standard deviation from three 
replicates; bND - not detected. 

 
 
microbial synthesis and accumulation of lovastatin and compactin, little 
attention has been paid to the effects of medium composition on the 
production of pravastatin. It is known that lovastatin, compactin, and 
pravastatin have similar biosynthetic pathways. Because of this, we 
hypothesized that the fermentation media which provide an enhanced 
production of lovastatin or compactin may also be suitable to generate a 
relatively high level of pravastatin in P. brefeldianum FI21 strain selected in 
this study. Therefore, in the second part of our research, a simple media 
screening technique was used to identify the fermentation medium for 
enhanced pravastatin biosynthesis by P. brefeldianum FI21. A total of five 
previously reported fermentation media were screened (Table 1).  

To examine the effect of these media on pravastatin biosynthesis, the 
level of pravastatin accumulation in each culture broth was analyzed. As 
the obtained data clearly demonstrated (Table 3), pravastatin was 
produced to different levels in tested fermentation media, suggesting that 
there is a relationship between pravastatin accumulation level and 
composition of the fermentation medium in which it is produced. In 
particular, pravastatin was maximally accumulated when P. brefeldianum 
FI21 was grown in Medium I. However, accumulation of this natural statin 
was not observed in Medium IV.  

Comparative analysis of pravastatin production in Medium I by P. 

brefeldianum FI21 and other wild-type Penicillium species reported by our 
research group earlier is illustrated in Table 4. From Table 4, it can be 
clearly seen that P. brefeldianum FI21 strain accumulates pravastatin faster 
and in a much higher concentration in comparison with these known 
pravastatin-producing Penicillium species. 



Selection of fermentation medium for fungal producer of pravastatin 
 

21 

Table 4. Production of pravastatin by Penicillium brefeldianum FI21 in comparison 
with previously reported wild-type pravastatin-producing Penicillium species. 

 

Fungal culture Pravastatin,  
mg/L 

Pravastatin,  
µg/g DCW 

Reference 

Penicillium janthinellum  
ESF20P 

15.80±1.90 1096.72±84.36 Seydametova 2015 

Penicillium citrinum  
ESF19M 

28.43±2.52 2301.11±138.66 Seydametova et al. 2015 

Penicillium brefeldianum  
FI21 

162.33±4.51 10277.46±201.53 This study 

 

aDCW - dry cell weight; bSubmerged fermentation was carried out in Medium I final total volume of 20 
mL in a 100-mL flask at 25oC and 180 rpm for 7 days. 

 
 

DISCUSSION 

 
Pravastatin is a pharmaceutically important compound in treating 
hypercholesterolemia in humans. Initially, this statin was obtained from 
compactin by means of chemical synthesis. However, this method had its 
own disadvantages such as high cost and the occurrence of stereoisomers. 
Later, biotransformation of compactin to pravastatin by the microbial source 
was found to be a more economically feasible way for the production of this 
cholesterol-lowering agent (Syed & Ponnusamy 2018). However, currently 
used a two-step fermentation bioprocess for pravastatin production also 
has its own limitations. One of them is that during the biotransformation 
step the conversion to pravastatin is inhibited by a high concentration of 
compactin (Seydametova 2013). Because direct production of pravastatin 
by microbial cultures as a final fermentation product has potential as an 
alternative to the biotransformation process, the search for novel active 
pravastatin-producing microorganisms from little-explored habitats is 
desirable.  

It is known that soil microorganisms are vital for the cycling of nutrients 
and for driving above-ground ecosystems (Muniandy et al. 2009). 
Moreover, some of the soil microorganisms are used by humans to produce 
valuable natural products. Filamentous fungi are one of the most wide-
spread microorganisms in nature. They inhabit a variety of ecological 
niches including soil (Carlile et al. 2001).  

Malaysia has a tropical climate and is rich in natural resources. The oil 
palm sector is a major agricultural industry, and this crop currently occupies 
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the largest area of farmed land in the country. The cultivated area for oil 
palm production in Malaysia is divided into three main categories: 
Peninsular Malaysia, Sabah, and Sarawak (Abdullah et al. 2009).  

From literature, it is known that a great variety of soil types exists. Their 
nature determined by several factors such as climate, geology, and 
vegetational history. Peat is defined as organic soil having mineral contents 
not exceeding 35%. Peat soils in oil palm plantations are comprised mainly 
of disaggregated tree trunks, branches, leaves, roots, and fruits in addition 
to some mineral fractions such as clay, sand, and silt. It is normal practice 
for old leaves, palm trunks, and fruit residues to be shredded and allowed 
to decompose in situ. As a result, soils from oil palm plantations usually 
contain significant amounts of lipid compounds (Muniandy et al. 2009). 
Therefore, we hypothesized that filamentous fungi isolated from these soils 
might produce natural cholesterol-lowering agents such as pravastatin.  

The first objective of the present investigation was to gain more 
information concerning the potentiality of soil filamentous fungi from little-
explored oil palm plantation soils to produce pravastatin directly. As a 
result, 34 fungal cultures were isolated and screened for pravastatin-
biosynthesizing capacity. Amongst them, the isolate FI21 having a relatively 
high ability to produce this natural statin directly was selected and 
characterized further.  

From literature, it is known that the gross appearance of colonies 
developed on the specific agar media recommended for a particular group 
of microorganisms is of considerable importance in their identification. In 
addition, within the main genera of filamentous fungi, the crucial taxonomic 
character is the structure of conidiophores. These two characteristics are 
valuable in determining the generic and species levels of filamentous fungi 
(Carlile et al. 2001). Therefore, the selected fungal isolate was initially 
identified on the basis of macro- and microscopic features following Pitt 
(1979) as well as Samson and Pitt (2000). From Table 2, it can be seen 
that the cultural properties of the isolate FI21 were consistent with those of 
Penicillium microfungi (Pitt 1979, Stolk & Samson 1983, Samson & Pitt 
2000, Turland et al. 2018). The microscopic analysis also supported the 
isolated FI21 fungal strain as being characterized by a monoverticillate 
conidiophore branching pattern and microscopic elements typical for 
Penicillium brefeldianum (Pitt 1979, Stolk & Samson 1983, Samson & Pitt 
2000, Turland et al. 2018).  
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In addition to cultural and morphological characteristics, analysis of the 
ITS1-5.8S-ITS2 region of the rDNA has been widely employed for 
characterizing different fungal species, since it is highly conserved 
intraspecifically but variable between different species (Carlile et al. 2001). 
Therefore, molecular identification of the selected pravastatin producer to 
species level was conducted based on its nucleotide sequence analysis of 
this region. Comparison of the ITS1-5.8S-ITS2 region of the FI21 strain 
showed the highest homology (99%) with Penicillium brefeldianum 3352 
(FJ527878). Thus, based on colony macro-morphology and the structure of 
conidiophores as well as molecular identification, the fungal isolate FI21 
was identified as Penicillium brefeldianum FI21.  

For microbial production of natural statin, the selection of an appropriate 
fermentation medium is crucial as medium composition can significantly 

affect final product concentration. In addition to product yield, product 
recovery is also an important step in every microbial fermentation 
bioprocess. The composition of fermentation medium can affect the ease 
and cost of downstream product separation and purification. Moreover, the 
medium cost is of critical importance for production of fungal metabolite as 
it can substantially affect overall process economics (Kennedy & Krouse 
1999). Therefore, the second objective of the present study was to 
investigate the effect of different fermentation media on pravastatin-
biosynthesizing capacity of P. brefeldianum FI21 via a one-step submerged 
fermentation process.  

In biotechnological processes involving microorganisms, designing an 
effective medium needs to be conducted frequently because new microbial 
strains and mutants are continuously being introduced. However, designing 
the medium is a laborious, expensive, and often time-consuming process 
involving many experiments (Kennedy & Krouse 1999). Literature search 
and borrowing someone’s medium might be an easier approach. Often the 
first step is to look and see what media others have used to grow the same 

genus, species, or strain. The problem with this approach is that usually 
there are too many options, and too much effort is required to test them all. 
Therefore, sorting out the published media to come up with a shortlist is 
essential.  

Previously, different statistical methods for medium optimization have 
been employed by other researchers for the production of natural statins 
(Kónya et al. 1998, Sayyad et al. 2007, Shaligram et al. 2009). However, 
the simple and rapid media screening approach used in the present study 
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allowed for the selection of the most suitable fermentation medium for 
pravastatin production without laborious screening for the critical factors 
and subsequent optimization research. ach of the five media, tested in this 
study, has previously been optimized by other researchers for the 
increased production of natural statins (Kónya et al. 1998, Szakacs et al. 
1998, Manzoni et al. 1998, 1999, Shindia 2001, Chakravarti & Sahai 2002). 
From Table 3, it can be clearly seen that Medium I reported by Kónya et al. 
(1998) resulted in the highest level (198.65 mg/L) of pravastatin 
accumulation by P. brefeldianum FI21 strain. The presence of glucose as a 
carbon source in Medium I perhaps supports the initial growth and biomass 
formation, while glycerol is utilized slowly and most probably helps in later 
stages of growth and statin formation (Bazarra et al. 1998). In addition, both 
organic and inorganic nitrogen sources such as peptone and NaNO3 
present in Medium I probably enhance not only the biosynthesis of 
compactin by Penicillium sp. IDR-629 as reported by Kónya et al. (1998), 
but also improves pravastatin accumulation in P. brefeldianum FI21. 
Moreover, selecting a more suitable medium that is more readily scalable, 
as is the case with Medium I, consisting of relatively low-cost and readily 
available nutrients, reduces the time and effort needed to further scale-up 
of pravastatin production. The use of such a medium could cause minimal 
problems in different aspects of the production process particularly aeration 
and agitation, extraction, and purification of the desired product.  

Although the remaining tested media have been shown to enhance 
lovastatin or compactin production (Szakacs et al. 1998, Manzoni et al. 
1998, 1999, Shindia 2001, Chakravarti & Sahai 2002), they are not 
necessarily the medium of choice for the direct biosynthesis of pravastatin. 
Considerably lower concentrations of pravastatin using P. brefeldianum 

FI21 cultured on both the complex media (Media II and III) and the 
chemically-defined medium (Medium V) tested in the current study could be 
explained by the different effects of some media components in these 
media on the metabolic activity and physiology of the strain used in this 
study. The absence of pravastatin after the cultivation of this strain in 
complex Medium IV (modified from Shindia 2001) was probably due to the 
inhibitory effect of relatively high concentrations of ZnSO4·7H2O and 
CuSO4·5H2O on the biosynthesis of this statin. It should be noted that using 
the complex media reported by Manzoni et al. (1998), Szakacs et al. 
(1998), and Shindia (2001), consisting of natural substrates of undefined 
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composition, may cause unpredictable problems when production is scaled 
up to a fermenter scale.  

It is noteworthy that P. brefeldianum FI21 grown in Medium I for 7 days 
has demonstrated an almost 6-fold and more than 10-fold higher level of 
pravastatin accumulation per liter of culture broth in comparison with 
previously reported P. citrinum ESF19M and P. janthinellum ESF20P, 
respectively (Seydametova 2015, Seydametova et al. 2015). Moreover, this 
fungal strain has also shown an almost 4.5-fold and more than 9-fold higher 
yield of pravastatin per gram dry cell weight when compared with P. 

citrinum ESF19M and P. janthinellum ESF20P, respectively (Table 4).  
Thus, our results have clearly shown that the production level of 

pravastatin in P. brefeldianum FI21 strain depends on the composition of 
the medium in which this microorganism is grown. It is noteworthy that the 
direct biosynthesis of this natural statin by selected fungal strain was 
considerably enhanced in Medium I. As far as we are concerned, our work 
is the first contribution toward the direct production of pravastatin by P. 

brefeldianum FI21 using this fermentation medium. While this report only 
presents one example, a medium screening approach used in this study 
could be employed as a routine part of developing fermentation processes 
for the production of other fungal metabolites. 
 
 
CONCLUSIONS  

 
From our research outcomes, it can be concluded that oil palm plantation 
soils are unique habitats from which a number of fungal isolates might be 
recovered. As a result of our screening program, a fungal strain FI21 
having the highest ability for direct biosynthesis of pravastatin was 
selected. Based on the cultural and morphological characteristics described 
as well as molecular identification, the selected fungal isolate was identified 
as Penicillium brefeldianum FI21. In comparison with previous studies, this 
fungal strain can already be considered as a novel wild-type pravastatin 
producer of scientific interest. In the development of the fermentation 
process for the production of a natural statin, it is essential that account is 
taken in the selection of the suitable medium. In the present study, an 
attempt was made to select the fermentation medium for enhanced 
production of pravastatin by P. brefeldianum FI21. The media screening 
approach used in this study has shown to be an effective means for rapid 
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empirical determination of the best medium for production of this natural 
statin. Although pravastatin accumulated to different levels in the tested 
fermentation media, Medium I was the medium yielding the highest level of 
pravastatin (198.65 mg/L) by the selected fungal culture. Therefore, this 
fermentation medium was recommended for further research on the 
optimization of significant fermentation parameters of pravastatin 
production by P. brefeldianum FI21.   
 
 
 
ACKNOWLEDGMENTS. The author would like to thank Universiti Malaysia 
Pahang for providing all the necessary research materials and facilities for the 
successful completion of the research work.  
 

 

 

REFERENCES  

 
Abdullah, A.Z., Salamatinia, B., Mootabadi, H., Bhatia, S. (2009): Current status and policies 

on biodiesel industry in Malaysia as the world’s leading producer of palm oil. Energy 

Policy 37: 5440-5448.  
Barrios-González, J., Miranda, R.U. (2010): Biotechnological production and applications of 

statins. Applied Microbiology and Biotechnology 85(4): 869-883. 
Bazarra, W.A., Hamdy, M.K., Toledo, R. (1998): Bioreactor for continuous synthesis of 

compactin by Penicillium cyclopium. Journal of Industrial Microbiology and Biotechnology 
2: 192-202. 

Carlile, M.J., Watkinson, S.C., Gooday, G.W. (2001): The fungi. Academic Press, London. 
Chakravarti, R., Sahai, V. (2002): A chemically-defined medium for production of compactin 

by Penicillium citrinum. Biotechnology Letters 24: 527-530. 
Endo, A., Hasumi, K., Yamada, A., Shimoda, R., Takeshima, H. (1986): The synthesis of 

compactin (ML-236B) and monacolin K in fungi. The Journal of Antibiotics 39: 1609-1610. 
Kennedy, M., Krouse, D. (1999): Strategies for improving fermentation medium 

performance: a review. Journal of Industrial Microbiology and Biotechnology 23: 456-475. 
Koga, T., Shimada, Y., Kuroda, M., Tsujita, Y., Hasegawa, K., Yamazaki, M. (1990): Tissue-

selective inhibition of cholesterol synthesis in vivo by pravastatin sodium, a 3-hydroxy-3-
methylglutaryl-coenzyme A reductase inhibitor. Biochimica et Biophysica Acta 2: 115-120. 

Kónya, A., Jekkel, A., Suto, J., Salat, J. (1998): Optimization of compactin fermentation. 
Journal of Industrial Microbiology and Biotechnology 20: 150-152. 

Manzoni, M., Bergomi, S., Rollini, M., Cavazzoni, V. (1999): Production of statins by 
filamentous fungi. Biotechnology Letters 21: 253-257. 

Manzoni, M., Rollini, M. (2002): Biosynthesis and biotechnological production of statins by 
filamentous fungi and application of these cholesterol-lowering drugs. Applied 
Microbiology and Biotechnology 58(5): 555-564. 



Selection of fermentation medium for fungal producer of pravastatin 
 

27 

Manzoni, M., Rollini, M., Bergomi, S., Cavazzoni, V. (1998): Production and purification of 
statins from Aspergillus terreus strains. Biotechnology Techniques 12: 529-532. 

Muniandy, M., Ahmed, O.H., Majid, N.M., Yusop, M.K. (2009): Effects of converting 
secondary forest to oil palm plantation on peat soil carbon and nitrogen and other soil 
chemical properties. American Journal of Environmental Sciences 5(3): 406-412. 

Pahan, K. (2006): Lipid-lowering drugs. Cellular and Molecular Life Sciences 63(10): 1165-
1178. 

Pitt, J.I. (1979): The genus Penicillium and its teleomorphic states, Eupenicillium and 
Talaromyces. Academic Press, London. 

Samson, R.A., Pitt, J.I. (2000): Integration of modern taxonomic methods for Penicillium and 
Aspergillus classification. Harwood Academic Publishers, Amsterdam.  

Sayyad, S.A., Panda, B.P., Javed, S., Ali, M. (2007): Optimization of nutrient parameters for 
lovastatin production by Monascus purpureus MTC 369 under submerged fermentation 
using response surface methodology. Applied Microbiology and Biotechnology 73: 1054-
1058. 

Seydametova, E. (2013): Pravastatin: microbial production and biomedical applications. LAP 
LAMBERT Academic Publishing, Saarbruchen. 

Seydametova, E. (2015): Novel pravastatin-producing Penicillium janthinellum strain isolated 
from soil. International Journal of Bioscience, Biochemistry and Bioinformatics 5(2): 80-90. 

Seydametova, E., Zainol, N., Salihon, J., Convey, P. (2015): Mangrove rhizosphere soils: a 
unique natural source of pravastatin-producing Penicillium microfungi. International 
Journal of Extensive Research 5: 79-87. 

Shaligram, S., Singh, S.K., Singhal, R.S., Pandey, A., Szakacs, G. (2009): Compactin 
production studies using Penicillium brevicompactum under solid-state fermentation 
conditions. Applied Biochemistry and Biotechnology 159(2): 505-520. 

Shindia, A.A. (1997): Mevinolin production by some fungi. Folia Microbiologica 42(5): 477-
480. 

Shindia, A.A. (2001): Some nutritional factors influencing the mevinolin production by 
Aspergillus terreus. Folia Microbiologica 46: 413-416. 

Stolk, A.C., Samson, R.A. (1983): The Ascomycete genus Eupenicillium and related 
Penicillium anamorphs. Studies in Mycology 23: 1-149. 

Syed, M.B., Ponnusamy, T. (2018): Bioconversion of mevastatin to pravastatin by various 
microorganisms and its applications – a review. Biocatalysis and Agricultural 
Biotechnology 13: 62-74. 

Szakacs, G., Morovjan, G., Tengerdy, R.P. (1998): Production of lovastatin by a wild strain 
of Aspergillus terreus. Biotechnology Letters 20(4): 411-415. 

Turland, N.J., Wiersema, J.H., Barrie, F.R., Greuter, W., Hawksworth, D.L., Herendeen, 
P.S., Knapp, S., Kusber, W.H., Li, D.Z., Marhold, K., May, T. W., McNeill, J., Monro, A.M., 
Prado, J., Price, M.J., Smith, G.F. (eds.) (2018): International Code of Nomenclature for 
algae, fungi, and plants (Shenzhen Code) adopted by the Nineteenth International 
Botanical Congress Shenzhen, China, July 2017. Regnum Vegetabile 159. Glashütten: 
Koeltz Botanical Books. 

Warcup, J.H. (1950): The soil-plate method for isolation of fungi from soil. Nature 166: 117-
118.  

White, T.J., Burns, T., Lee, S., Taylor, J.W. (1990): Amplification and direct sequencing of 
fungal ribosomal RNA genes for phylogenetics. pp. 315-322. In: Innis, M.A., Gelgard, 



E. Seydametova 
 

28 

D.H., Sninsky, J.J., White, T.J. (eds.) PCR protocols: a guide to methods and applications. 
Academic Press, New York. 

 
 
 
 
 
 




