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In the recent times, the fungus Aspergillus (A.) terreus has been highly popularized 

regarding its domination for the production of the “crackerjack” drugs known as 

statins, particularly lovastatin. The aim of this research was the production of 

lovastatin which is a known cholesterol-lowering drug, through microbial fermentation 

using A. terreus. Besides, it also aimed to analyze certain bioactive chemical products 

and evaluation of such antibacterial and antifungal products, if any produced. 

Bioactives (chemical compounds often referred as secondary metabolites) were 

analyzed using the Gas Chromatography-Mass Spectroscopy technique (GC-MS) 

technique. A. terreus is known to produce a vast variety of important secondary 

metabolites with high biological activities. The extraction of the natural statins such as 

lovastatin or mevastatin from A. terreus is seen as one of the major breakthrough in 

the field of Industrial Microbiology/Fermentation Technology. Here we report the 

Aspergillus terreus NBRC (IFO) 31217 (Strain I) and ATCC 11877 (Strain II) don’t 

produce lovastatin but they produce important bioactive compounds of high 

commercial value like Isovaline (C5H11NO2) and Silane etc. 
 
 
 
 
 

 

Rohit Raj                                                                                          Dr. Malkhey Verma
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INTRODUCTION 

 

Statins are the secondary metabolites which are produced by some fungal strains and 

are widely employed for reducing the raised cholesterol levels in blood plasma 

(Alberts,1988). So, they are considered the most efficacious and appropriate 

compounds for the cure of hypercholesterolemia (one of the deadliest diseases in the 

world) to reduce the risk of cardiovascular disease (Goldstein and Brown,1984). 

Lovastatin, a naturally occurring secondary metabolite is commonly found in foods 

such as red yeast rice, oyster mushroom, and Pu-erh, although in low concentration, 

and is primarily used for the cure of dyslipidemia and the prevention of heart-

associated diseases as well. Lovastatin is also produced by some specific higher 

fungi such as Aspergillus terreus, Pleorotus ostreatus, and closely associated 

Pleorotus species. Lovastatin was discovered in the 1970s and was employed in 

clinical development as potential drugs for the purpose of lowering LDL cholesterol.  

Structure of Lovastatin: 

 

                                

                                   Fig 1.1: Chemical structure of Lovastatin 
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1.1 Mechanism of Action: 

 

Lovastatin is a potent inhibitor of 3-hydroxy-3-methyl glutaryl-Coenzyme A reductase 

(HMG CoA reductase) which catalyzes the conversion of mevalonic acid from HMG 

CoA. Lovastatin thus blocks the cholesterol biosynthesis pathway functioning as a 

reversible competitive inhibitor for HMG CoA, which binds itself to HMG CoA 

reductase and thus interferes with mevalonate production. It is also known that 

cholesterol biosynthesis requires mevalonate as a building block.  

               A series of more than 25 enzymatic reactions catalyze the biosynthesis of 

cholesterol, of which, three successive acetyl-CoA condensation reactions are 

involved initially to form the six carbon compound HMG-CoA. This is followed by 

further reductions to produce mevalonate which again gets converted to isoprenes 

(building blocks of squalene) through a series of reactions. These are the immediate 

precursors to sterols which undergo subsequent conversions to lanosterol and finally 

metabolized to form cholesterol. A major rate-limiting step in this biosynthetic pathway 

mainly arises at the level of the microsomal enzyme which is involved in the 

conversion of HMG CoA to mevalonate. This property has been considered as a 

primary target for several years for pharmacological intervention. Lovastatin is thus a 

prodrug, which has a native form of an inactive lactone in the closed ring structure of 

gamma-lactone which is basically administered. This further gets hydrolyzed in vivo to 

its active form, β-hydroxy acid, an open ring structure.  

            Lovastatin was also extracted from the fungus Aspergillus terreus and the 

chemical modification of this fermentation based drug yielded certain other such as 

Simvastatin and its further microbial modification lead to the invention of drugs such 

as Pravastatin. 

 

 

 



3 
 

Knowledge gaps: 

A limited number of strains of Aspergillus terreus are known for the production of 

lovastatin. Also, the statistical methods used for the optimization, of lovastatin 

production are still, lacking for the predictable production. 

 

Objective: 

1. Production and optimization of lovastatin by microbial fermentation using 

Aspergillus terreus. 

2. Analyze the bioactive chemical products, if any produced, through GC-MS 

technique. 

 

Hypothesis: 

Although, not all of the wild strains of A. terreus are capable of producing lovastatin, 

few wild strains of the fungus have been reported (ATCC 20542 and KMO17963) 

regarding the production of lovastatin which is an important secondary metabolite as 

well as a highly potent cholesterol-lowering drug. Apart from this, certain essential 

bioactive chemical products which have antibacterial and antifungal capabilities can 

also be produced by some of the wild strains of A. terreus. In the current study, we 

are trying to find new strains. Further, to make medium components selection and 

optimization predictable for the production of lovastatin by using existing genome-

scale metabolic model of Aspergillus terreus. 
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                                  REVIEW OF LITERATURE        

 

It is a general belief that the initial pH value of the medium for producing lovastatin by 

Aspergillus terreus should be somewhat near 6.3 which has been unarguably 

mentioned in the literature. The fact that the pH value of the medium may change the 

metabolism of any microorganism and so may in Aspergillus terreus which produces 

itaconic acid (another important metabolite of this fungus widely employed in the 

chemical industry) at a considerably low pH from glucose as the sole carbon source 

while lovastatin is biosynthesized at a neutral pH (Lai et al., 2007). 

Several papers regarding the influence of the cultivation media composition for 

the lovastatin production have already been published and an optimum carbon source 

has been widely sought by many authors (Sitaram Kumar et al.,2000; Casas Lopez et 

al.,2003, Lai et al.,2003). Almost all of them concluded a slowly utilized carbon source 

such as glycerol or lactose was better assimilated for the mevalonate biosynthesis 

than glucose. A variety of nitrogen sources has also been tested regarding the 

optimization of mevalonate biosynthesis. And it was found that complex nitrogen 

sources such as yeast extract, soybean meal, and corn steep liquor were more 

suitable than single amino acids, e.g. sodium glutamate or salts containing 

ammonium ions. These single amino acid sources are generally useless because 

they acidify the medium. The cause of this acidification is the release of hydrogen 

ions from fungal cells during the transport of ammonium ions in order to sustain the 

electroneutrality of the cells. This phenomenon can be frequently met in filamentous 

fungi (Nielsen,1992). And in such conditions, generally, no lovastatin is synthesized 

irrespective of the type of ammonium salt used (Hajjaj et al.,2011). 

Apart from the type and concentration of both carbon as well as nitrogen 

sources, the ratio of carbon to nitrogen is another key factor influencing the synthesis 

of lovastatin. Casas Lopez et al.(2003) reported that an increase of the C/N ratio from 

14.4 to 41.3 in the lactose fed culture led to doubling of the lovastatin titer. 
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Importance of Fungi: 

The exploitation of fungi by human beings for antibiotic production, food preparation, 

and other purposes is substantial and has a long past. Because of their capacity to 

produce a vast range of natural products with an antibiotic, antifungal or other 

biological activities, they have been deployed since long and are being modified for 

industrial production of vitamins, antibiotics, anti-cancer and cholesterol-lowering 

drugs. 

Fungi are considered to be the most potent microorganism for statin 

production. Some other fungi involved in the production of statins include Monascus 

perpureu, M. anka, Aspergillus terreus, A. flavipes, A. fischeri, A. umbrosus, A. 

parasiticum, Acremonium chrysogenum, Byssoclamys fulva, Fusarium fujikuroi, 

Trichoderma longibranchiatum, T. viridae, Penicillium funiculosum  etc. 

 

 

Aspergillus terreus: 

Aspergillus terreus, which is also popular by the name Aspergillus terrestris, is a 

saprophytic fungus prevalent in warmer climates and now known to be capable of 

sexual reproduction as well. They are commonly used in the industry for the purpose 

of production of enzymes like xylanose as well as organic acids such as itaconic acid 

and cis-aconitic acid. They also serve as an initial source for the drug lovastatin, a 

drug commonly used for lowering serum cholesterol. 

 

In filamentous fungi, one such as Aspergillus terreus the secondary 

metabolites are often produced following the phase of rapid growth (tropophase) 

during a subsequent production stage. Secondary metabolism, in this case, starts 

when one of the key nutrients like carbon(glucose), nitrogen or phosphate gets 
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exhausted which initiates a stage with low or nil growth rate but high production 

rate(Barrios-Gonzalez et al.,2005). 

Certain complex regulatory mechanisms are responsible for governing the 

gene functions in these species. These mechanisms include induction by different 

environmental stimuli, carbon catabolite regulation, feedback regulation and others. 

Some of the broad domain transcription factors that mediate these regulatory 

mechanisms include AreA (nitrogen regulation; Marzluf 1997), CreA (Carbon 

catabolite repressor; Espeso and Penalva 1992). In addition to these factors, 

lovastatin as well as many other secondary are regulated through the global regulator 

of secondary metabolism Lae A (Bok & Keller, 2004). 

Talking at the molecular level, the biosynthetic gene cluster of lovastatin 

comprises of 18 apparent open reading frames (ORFs), among which lovE was 

designated to encode a regulatory protein. The lovE, regulating lovastatin biosynthetic 

genes encodes a Zn2Cys6 type transcription factor and it is believed to regulate the 

production of lovastatin at the transcriptional level. Apart from this, the lovastatin 

biosynthesis cluster mainly comprises of two polyketide synthase genes: lovB and 

lovF. Among which lovF is known to encode the lovastatin diketide synthase which is 

an enzyme that specifies the genesis of 2-methyl butyrate and intercommunicates 

closely with an additional transesterase (lovD) which facilitates the assembling of 

lovastatin from this polyketide and monacolin J (Kennedy et al.,1999). 
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                                           Figure 2.1: Lovastatin biosynthesis pathway 

*Source of figure- Walsh, C.T. and Wencewicz, T.A. (2013). Flavoenzymes: Versatile catalysts in 

biosynthetic pathways. Natural Product Reports-Issue 1. 

 

Despite having plenty of knowledge regarding the genes and the enzymes involved in 

the biosynthetic pathway, the efforts that has been made towards studying physiology 

and regulation of the lovastatin biosynthesis is not appreciable. However, from the 

optimization studies of the production medium, it is quite obvious that lovastatin is 

regulated by a carbon catabolite, which is probably mediated by CreAp (Hajjaj et 

al.,2001). Hence, the onset of lovastatin biosynthesis, after the exhaustion of glucose, 

can be accredited to relief from carbon catabolite repression, and the transformation 

to lactose consumption during idiophase.  Apart from this, some evidence also 

suggest that the process of lovastatin biosynthesis in A. terreus under the control of 

negative feedback regulation i.e. lovastatin inhibits its own biosynthesis (Jia et 

al.,2010). 

 However, certain uncharacterized factors or stimuli influencing the lovastatin 

biosynthetic genes were also revealed during studies on lovastatin biosynthesis in 

solid state fermentation (SSF). It was found that in SSF, the yield of the secondary 
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metabolites was significantly higher as compared to that in submerged fermentation 

(SmF) and it is presumed to be like this by the virtue of different physiology displayed 

by the fungus in SSF. 

Searching for the environmental stimuli responsible for this higher lovastatin 

production rates, it was found that direct contact with the air was a highly significant 

stimulus inducing the higher yields, and considered that oxidative stress or reactive 

oxygen species (ROS) formation could be the possible factors responsible for its 

stimulating effect. 
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                                  MATERIALS AND METHODS 

  

   3.1 Microorganisms: The fungal strains of Aspergillus terreus NBRC (IFO) 31217 

(Strain I) and A. terreus ATCC 11877 (Strain II) were bought from Microbial Type 

Culture Collection and Gene Bank (MTCC) housed at IMTECH Chandigarh, Punjab. 

The strains were supplied in the lyophilized powdered form. 

 

 3.2 Growth Medium: Czapek Yeast Extract Agar was recommended for the re-

culturing and maintenance of Aspergillus terreus. The composition of the media was 

(g/l); Sucrose, 30; Yeast extract, 5; Dipotassium hydrogen phosphate(K2HPO4), 1; 

Sodium nitrate(NaNO3), 0.3; Potassium chloride(KCl), 0.050; Magnesium 

Sulphate(MgSO4), 0.050; Ferrous Sulphate(FeSO4), 0.001; Zinc Sulphate(ZnSO4), 

0.001; Copper Sulphate(CuSO4), 0.0005; Agar, 15 and water to 1 litre. 51.40 grams of 

the above-mentioned trace elements was suspended in 1000 ml distilled water and 

heated to boiling to dissolve the medium completely. The pH was adjusted to 6.3 with 

1 N dilute HCl. It was sterilized by autoclaving at 15 lbs pressure (121ºC) for 15 

minutes and then cooled down. It was mixed well and poured into sterile Petri plates. 

 

   3.3  Revival of the Culture: 

Six 2 ml Eppendorf tubes were taken and 900 µl of distilled water was pipetted to 

each of them. Now we took a small quantity of the powdered strain of A. terreus with 

the help of an inoculating loop and added it to the first tube and it was vortexed well. 

Now each of the following tubes was serially diluted (100 µl) and 
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vortexed properly. Then we took Petri plates in which the media was poured and 

streaked each of the plates separately with the prepared culture from the Eppendorf 

tubes. Then they were placed in the incubator and temperature was set to 25ºC which 

was the suggested optimum growth temperature for that particular strain. The same 

process was repeated with the other strain of fungus as well. 

 

   3.4  Study Of Growth Curve: 

We took twelve 50 ml Erlenmeyer flasks which were properly sterilized. Then we 

poured 25 ml of the prepared growth media i.e. Czapek yeast extract media into 

those flasks. Following pouring activity, each of them was inoculated with the live 

culture of A. terreus which were already grown on the Petri plates. Each of the 

flasks was properly marked for an incubation period interval of eight hours as 8h, 

16h, 24h, 32h……..96h. Then the flasks were placed in the shaker incubator at 

150 rpm and the given temperature was 25 ºC. After an incubation of 8hrs, the first 

flask was taken out and its content was poured in a 50 ml falcon tube. It was 

centrifuged at 14,000rpm for 15 minutes. The same process was repeated for 

each of the flasks taken out at regular interval of eight hours. The supernatant was 

discarded and the pellets were oven dried for 24h at 40 ºC. The dry cell biomass 

of each of the flasks was weighed and its values were plotted on an excel sheet to 

obtain a graph for further study of the growth curve obtained. The whole process 

was repeated with the other strain of A. terreus as well. 

  

3.5 Shake flask fermentation 

 

Fermentation batch: The fermentation process was performed in 500 ml Erlenmeyer 

flasks containing 250 ml of the fermentation medium consisting of (g/l); Sucrose, 30; 

Yeast extract, 5; Dipotassium hydrogen phosphate(K2HPO4), 1; Sodium 

nitrate(NaNO3), 0.3; Potassium chloride(KCl), 0.050; Magnesium Sulphate(MgSO4), 
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0.050; Ferrous Sulphate(FeSO4), 0.001; Zinc Sulphate(ZnSO4), 0.001; Copper 

Sulphate(CuSO4), 0.0005; Agar, 15 and water to 1 litre. 51.40 grams of the above-

mentioned trace elements was suspended in 1000 ml distilled water and heated to 

boiling to dissolve the medium completely. The pH was adjusted to 6.3 with 1 N dilute 

HCl. It was sterilized by autoclaving at 15 psi pressure (121ºC) for 15 minutes. In 

addition to this, 2.5% corn steep liquor, as a source of nitrogen as well certain 

important amino acids was also added to the fermentation medium. The fermentation 

process was carried out in two different 500 ml Erlenmeyer flasks for the two separate 

strains of A. terreus. The fermentation medium was cooled after autoclaving and was 

inoculated with the different strains of A. terreus grown earlier on Petri plates with the 

help of an inoculating loop. Fermentation flasks were further kept at incubation in a 

rotary shaker incubator for 7 days provided the conditions, 200 rpm at 27 ºC. 

     

    Apart from these two flasks, another fermentation batch was set up in a 250 ml 

Erlenmeyer flask with the same fermentation medium composition containing 90 ml of 

fermentation medium. But this time instead of corn steep liquor, 10 ml of fully toned 

milk was added to the fermentation medium making the volume up to 100 ml. Then 

after inoculation with one of two strains used earlier (strain II was used), it was also 

placed in the rotary shaker incubator provided the same conditions. After the 

accomplishment of the of the fermentation process, the fermentation broth as well as 

fungal mycelium were separated by centrifugation.  

 

 

 

3.6 Extraction of statin from fermentation broth:  

 

The fermentation broth along with the fungal mycelium was centrifuged for 10 minutes 

at 10,000 rpm following which, the supernatant was separated which was further 

utilized for the isolation of statin in ethyl acetate: water mixture (1:1, v/v) in a 500 ml 

Erlenmeyer flask keeping the flask in a rotary shaker at 200 rpm for 2 hrs. After 2 hrs 

of shaking, the flasks were kept constant for some time and we could observe the 
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formation of two separate layers. The upper layer that is the ethyl acetate containing 

the desired secondary metabolite was separated in a 500 ml round bottom flask. The 

samples collected were further evaporated to dryness in a rotary evaporator keeping 

the temperature to 45 ºC. The residue was dissolved in 1 ml methanol and filtered 

through a 0.2 μm syringe filter. It was stored at 4 ºC for 24h before being used for 

GC-MS. The fungal mycelium left as debris after centrifugation was oven dried at 40 

ºC for 24h and the dry cell biomass was weighed. 

 

 

 3.7 Spectral analysis of lovastatin as well as other bioactive chemical 

compounds using gas chromatography-mass spectrometry (GC/MS) technique: 

 

The analysis was conducted using GC-MS (Agilent 789 A) equipped with a DB-5MS 

column (30 mm×0.25 mm i.e., 0.25 µm film thickness, J&W Scientific, Folsom, CA). 

The column oven temperature was programmed at 40 ºC. Helium was used as the 

carrier gas at the rate of 1.0 mL/min. The effluent of the GC column was introduced 

directly into the source of the MS via a transfer line (260 ºC). Ionization voltage was 

70 eV and ion source temperature was 200 ºC. Scan range was 50- 800 amu. After 

GC-MS separation, all the peaks were equated with the structural library of the 

secondary metabolite compounds to determine the expected compound. The 

identification of the components was also based on a comparison of their mass 

spectra with those of NIST mass spectral library as well as on comparison of their 

retention indices either with those of authentic compounds or with literature values for 

the purpose of estimation of any such bioactive chemical compounds produced. 
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RESULT 

 

 

4.1 After 5 days of incubation, we obtained a clear growth of the fungus on the petri 

plates as shown in the figure below: 

 

                          

            Figure 4.1: Revived culture of A. terreus after incubation of five days. 

 

4.2. The dry cell biomass obtained as a fermentation byproduct was centrifuged and 

oven dried. 
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                    Figure 4.2: Dry cell biomass for the study of the growth curve  

 

4.3 The growth curve of the fungus was studied and plotted on an excel sheet to 

obtain the following table and graph: 

 

Incubation Time (Hrs)                              Total Weight (Dry Cell Biomass) 

              0                                                                0.0134 

              8                                                                0.0242 

             16                                                                0.0624 

             24                                                                0.0483 

             32                                                                0.0625 

             40                                                                0.0062 

             48                                                                0.1059 

             56                                                                0.2019 

             64                                                                0.0228 

             72                                                                0.0223 

 

        Table 1: Time course measurement of the dry cell mass of A. terreus               
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                                              Figure 4.3: Growth-curve of A. terreus                              

 

 

4.4 Result of the GC-MS analysis: 

 

The observations of the GC-MS analysis of the methanolic extract of given strains of 

the fungus A. terreus showed that there was no production of lovastatin found in the 

broth extract samples of the two used wild-type strains. Although a few other 

important bioactive compounds and certain other commercially-valuable compounds 

were found in the GC-MS analysis (shown in the figure 5, 6 and 7). Few of them are 

discussed below: 

 

Isovaline (C5H11NO2): Isovaline, which is similar in structure to the chief inhibitory 

neurotransmitters (GABA and Glycine) in the mammalian CNS, is one of the rare 

amino acids which was brought to the earth by the Murchison meteorite in 1969 

landing in Australia. Isovaline acts as an analgesic in mice by the virtue of its 

capability to activate peripheral GABAB receptors. In a study with a mouse model of 
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osteoarthritis, isovaline was found to restore mobility. This novel compound has the 

ability to treat acute and chronic pain, without any negative side effects which are 

generally found with other commonly used analgesics. 

 

Silane: Silane is a colorless inorganic compound having general formula SiH4. It is a 

pyrophoric gas with a sharp repulsive smell. It has got several medical as well as 

industrial applications: it is commonly used in dentistry as a tooth-coloured substance 

for the filling of teeth, it acts as a coupling agent used to adhere carbon fibers and 

glass fibers to some kind of polymer matrices. It is also deployed in supersonic 

combustion ramjets to start-up the combustion process in the compressed air stream. 

Apart from all these, some of its other applications include water-repellent, masonry 

protection, control of graffiti etc. 

 

2-oxo-n-valeric acid: 2-oxo-N-valeric acid having general formula C5H8O3 is a keto-

acid that is usually found in human blood serum and urine. But unlike some of the 

other keto-acids, this metabolite is not an intermediate or associated with amino 

acids. Its origin is still unknown. 
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Figure 4.4: GC-Chromatogram showing retention times of different components of 

sample  mixture (SIIA) of A. terreus strain II. 

 

 



18 
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Figure 4.5: GC-Chromatogram showing retention times of different components of 

sample  mixture (SIIB) of A. terreus strain II. 
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Figure 4.6: GC-Chromatogram showing retention times of different components of 

sample   mixture of A. terreus strain I. 
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DISCUSSION 

 

 As per the observed analysis of the GC-MS study, there was no production of 

lovastatin seen in the fermentation product. A possible reason or assumption behind 

this failure of production of lovastatin could be that the used wild-type strains of A. 

terreus are not capable of producing lovastatin.  

 

 

 

 

 

                                            CONCLUSION 

 

In the present project report, Aspergillus terreus ATCC 11877 and A. terreus 

NBRC(IFO) 31217 were deployed for the lab-scale synthesis of lovastatin; a highly 

renowned cholesterol lowering drug. Although, the results for lovastatin production 

were not obtained as expected but the present study provides a new insight for the 

production of other important biomaterials of high value. 

 

Novelty of Current Study: 

Isovaline (C5H11NO2) and Silane (SiH4) production observed in the current study is 

novel and is not reported in the literature using Aspergillus terreus. 
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