Screening of different fungi for production of lovastatin
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ABSTRACT :

Statin based compounds are widely accepted as cholesterol lowering agent. These are
classified as natural, synthetic or semi synthetic derivatives of natural statins. Lovasta-
tin is one the natural statin that acts as a competitive inhibitor of 3-hydroxy 3-methyl-
glutaryl Coenzyme-A reductase (HMG Co-A reductase), the rate limiting enzyme of
the cholesterol biosynthesis. Various fugal isolates are capable of producing lovastatin
as secondary metabolite by polyketide synthesis pathway. In the present study, seven
wild fungi were screened for lovastatin production by bioassay method against C. al-
bicans and N. crassa. The results showed that, Aspergillus terreus NCIM 657 produced
the maximum lovastatin (0.989 mg/ml) in the screening work through submerged
fermentation. Other fungal isolates recorded lower yield of lovastatin. Further study

QR Code for mobile with spectrum analysis at 238 nm and thin layer chromatography confirmed lovas-
tatin synthesis by two more fungi i.e. Aspergillus parasiticus NCIM 898 and Phoma
Literati exigua NCIM 1237.
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INTRODUCTION:

Statin based compounds has an extremely high ther-
apeutic value and other biological activities. Natural
statins like lovastatin and compactin are produced by
the fermentation, while there are a number of other
semisynthetic statins produced by biotransformation.
Simvastatin, the second leading statin in the market is
also derivative of lovastatin V. Lovastatin (C,H, O,
Mevinolin, Monacolin K) is a fungal polyketide based
secondary metabolite widely used as a prominent
drug in hypercholesterolemia. It stops cholesterol
synthesis by competitively inhibiting the rate limiting
enzyme 3-hydroxy 3-methylglutaryl Coenzyme-A
reductase (HMG Co-A reductase) of the cholesterol
synthetic pathway *?.

This compound decrease the level of cholesterol con-
centration in blood; particularly bad cholesterol (low
density lipoprotein, LDL); while slightly increasing
the level of good cholesterol (high-density lipopro-
tein, HDL), thus, preventing plaque build-up inside
the arteries and hence, it decreases the risk of heart
attack or stroke or cardiovascular diseases . Besides
these the recent studies also showed that statins can
be used for treatment of alzheimer’s disease ), multi-
ple sclerosis ©, renal disease treatment ), bone matu-
ration ® and to some extent in treatment of cancer ©.
Lactone form of lovastatin has comparatively higher
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activity as compared to acid form.

Fungi are important sources for the production of sev-
eral pharmaceutical compounds. They produce a large
variety of compounds mainly through the polyketide
biosynthesis pathway. Statins, among these classes of
fungal metabolites have become the focus of great at-
tention due to their ability to influence the de novo
synthesis of endogenous cholesterol *?. Of many sta-
tin molecules, lovastatin and mevastatin are natu-
ral, while other statins like rosuvastatin, simvastatin,
pravastatin, fluvastatin, atrovastin, cerivastatin, are
produced semi-synthetically from lovastatin . Lo-
vastatin is produced as a secondary metabolite by a
variety of filamentous fungi. The production starts
from the acetate units in head to tail function to
form two polyketide chains 2. Commercially it is
produced from Aspergillus terreus™ but, it can also be
synthesized from various fungal strains like Penicilli-
um sp. 12, Monascus ruber '), Monascus purpereus,
A. paraciticus, Acremonium chrysogenum, Trichoder-
ma viridae, Pleurotus sp. 1. Commercial production
of lovastatin by batch fermentation using A. terreus
has been investigated extensively !®- In submerged
fermentation, the yield of lovastatin is proportional to
the biomass accumulated. The lovastatin can also be
produced by solid state fermentation, which uses sub-
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strates that require lesser processing with better yield
than submerged fermentation 1.

Screening of different fungi from various natural re-
sources confirmed that some of the molds are able
to secrete lovastatin in liquid culturing conditions.
Certain marine actinomycetes were also reported as
lovastatin producers !7. Besides these, many edible
fungi of higher basidomycetes are capable of pro-
ducing cholesterol lowering drug; especially Pleu-
rotus sp. which is used for production of single cell
protein. 1%

Many studies have been performed for the production
of lovastatin from various environmental sources and
optimized process for maximum yield, the present
work also highlighted the synthesis of lovastatin from
different wild type fungal strains. The production was
confirmed by various analytical methods and finally
a comparative study on the production process has
been reported.

MATERIALS AND METHODS:

Organisms and Fermentation Condition:

Different fungal strains including some wood rot fun-
gi was obtained from NCIM (National Collection of
Industrial Microbiology, Pune, India) as mentioned in
Table 1. These cultures were used screened for the lo-
vastatin production by submerged fermentation. The
stock culture was periodically grown on PDA (Pota-
to Dextrose Agar) plates for 6-7 days at 28 °C. The
production of lovastatin was carried out in shake flask
under agitation speed of 170-180 rpm for 7-8 days at
28°C in the production media at pH 6.5 as described
by Gupta et al. 2009 (Table 2). The 50 ml of medium
was prepared in conical flask and it was sterilized at
121 °C for 20 minutes. 6 mm block each from freshly
grown PDA culture plates was aseptically transferred
to the production media and production of lovastatin
was monitored. At the end of production of lovastatin
pH of broth, crude lovastatin concentration as well as
zone of inhibition by product against indicators was
recorded.

Name of Fungi NCIM No.
Aspergillus terreus 654
Aspergillus terreus 657
Aspergillus terreus 660
Aspergillus parasiticus 898
Pleurotus sajor caju 1133
Pleurotus ostreatus 1200
Phoma exigua 1237

Table 1: Different fungi for lovastatin production
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SL. No. | Constituents Concentration
1 Glucose 45 g/L
2 Monosodium Glutamate 12.6 g/L
3 KH,PO, 4g/L

4 K,HPO4 5g/L

5 FeSO,.7H,0 0.2g/L
6 MnSO,.4H,0 0.1g/L
7 MgSO,.7H,0 0.1g/L
8 ZnSO,.7H,0 0.2¢g/L
9 CaCl,.2H,0 20 mg/l
10 CuClL,.2H 0 5 mg/l
11 H._BO, 11 mg/l
12 (NH,),MoO, 5 mg/l

Table 2: Composition of production media (19)

Extraction of lovastatin:

At the end of fermentation process, broth was acid-
ified to pH 3.0 with concentrated H,SO,/ HCI for
lactonization purpose . It was then extracted with
two volume of ethyl acetate and kept on rotary shaker
at 170 rpm for 2 h at 28 °C. The samples were sub-
sequently centrifuged at 10,000 rpm for 15 minutes
for separation of organic phase, which was dried and
dissolved in 2 ml of acetonitrile for estimation of lo-
vastatin.

Bioassay:

The method for screening of lovastatin producing
molds by bioassay was adopted from Kumar et al.
(2000) and Vilches et al. (2005) ?*2V using Neurospora
crassa and Candida albicans as indicator organisms.
In bioassay method, a clear inhibition zone around
the indicator organisms is observed and the diameter
of the zone of inhibition is proportional to the con-
centration of the lovastatin in the samples. Indicator
cultures, Neurospora crassa (NCIM 863) and Candida
albicans (NCIM 3102) were maintained in PDA and
MGYP plates respectively at 28 °C for 24 - 48 h. The
concentration of standard lovastatin with respect to
diameter of zone of inhibition against indicator or-
ganisms were performed and used for calculating the
presence of lovastatin in the crude samples.

UV/Vis spectrometer analysis :

The estimation of lovastatin was also calculated spec-
trophotmetrically by Double beam UV/Vis spectrom-
eter (LABTRONICS Model LT 2900). The standard
and extracted sample exhibited a peak at 238 nm
during the analysis of spectrum. The standard plot
and spectrum analysis of different concentrations of
lovastatin was performed for identification of poten-
tial producers of lovastatin from the selected fungi.
Thin Layer Chromatography:

Thin layer chromatography (TLC) was also used for
the identification of lovastatin sample from the select-
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ed molds. For this, aluminum TLC sheet pre coated
with Silica Gel F,,, were used. The plate was initial-
ly activated by heating in micro-oven for 1- 2 min. A
quantity of 20 ul of the crude extract along with the
known concentration of standard lovastatin was spot-
ted above 15 mm of the solvent in the chromatograph-
ic chamber. The chromatograms were developed in a
solvent system (mobile phase) of dichloromethane:
ethyl acetate in the ratio of 70:30 (v/v). The visual-
ization of the developed spots was marked under UV
chamber (254nm) and Rf values were recorded and
compared.

RESULTS:
All the seven fungal strains that were grown under
submerged culture conditions for production of lo-
vastatin were evaluated by bioassay method against
indicators Candida albicans and Neurosporra crassa,
by measuring the absorbance at a wavelength 238 nm
and finally by TLC respectively. Based on the observa-
tion three fungi were selected as potential statin pro-
ducer.

Screening of lovastatin producers by bioassay meth-
od:

The screening of potential lovastatin producing molds
were carried out by measuring the zone of inhibition
against indicators and the concentration of lovastatin
was calculated using standard plot of pure lovastatin.
Different concentrations of standard lovastatin (0.2
- 2.0 mg/ml) were prepared and zone of inhibition
against C. albicans and N. crassa were performed by
well method (Figure 1). The standard plot of zone of
inhibitions against different concentrations of lovasta-
tin is presented in Figure 2 (a) and (b).

Figure 1: Bioassay of standard lovastatin against C. albicans (A- i & ii)
and N. crassa (B- i & ii) at different concentrations (mg/ml); (1) 0.2; (2)
0.4; (3) 0.8; (4) 1.0; (5) 1.2 ; (6) 1.6; (7) 2.0 and (8) Control
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Figure 2 (a): Standard plot of lovastatin vs zone of inhibition against C.
albicans
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Figure 2 (b): Standard plot of lovastatin vs zone of inhibition against N.
crassa

The zone of inhibition by the extracted lovastatin from
different fungi against indicators is shown in Figure 3
followed by concentration of lovastatin from the stan-
dard plot in Table 3

Figure 3: Bioassay of samples from different fungal strains Aspergillus
terreus NCIM 660, Aspergillus terreus 654, Aspergillus parasiticum 898,
Phoma exigua 1237, Pleurotus ostreatus 1200, Aspergillus terreus 657
against C. albicans (A iii) and N. crassa (B iii)

Strains Zone of Crude Zone of Crude

(NCIM No.) | inhibition Lovastatin inhibition | Lovastatin
against Concentration | against Concentration
C. albicans | (mg/ml) N. crassa | (mg/ml)
(mm) (mm)

Aspergillus | 10 0.659 21 0.665

terreus

(654)

Aspergillus | 15 0.989 30 0.951

terreus

(657)

Aspergillus |7 0.462 16 0.507

terreus

(660)

Aspergillus | 13 0.875 27 0.856

parasiticum

(898)

Pleurotus -- -- -- --

sajor caju

(1133)

Pleurotus 9 0.593 19 0.603

ostreatus

(1200)

Phoma 12 0.791 24 0.761

exigua

(1237)

Table 3: Concentrations of crude lovastatin produced from different

fungi
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Based on the diameter of zone of inhibition, it has
been observed that maximum lovastatin production
was found with Aspergillus terreus NCIM 657 (0.989
mg/ml), followed by Aspergillus parasiticurn NCIM
898 (0.87mg/ml) and Poma exigua NCIM 1237 (0.79
mg/ml). All other molds produced the lovastatin in
low concentration. There was no trace of lovastatin in
the extracted sample obtained from the broth of Pleu-
rotus sajor caju using the selected medium, hence no
zone of inhibition was found.

Confirmation and quantification of lovastatin by
Amax:

The confirmation of the presence of lovastatin in the
extracted samples was also carried out by measuring
the absorbance at 238 nm using spectrophotometer
and the concentration of crude product by different
fungi was calculated against standard plot of lovas-
tatin (Figure 4). Figure 5 showed the absorbance of

Name of fungi Concentration of lovastatin (mg/
(NCIM No.) ml)

Aspergillus terreus (657) 0.159

Aspergillus parasiticum (898) 0.157

Phoma exigua (1237) 0.062

Table 4: Concentration of crude lovastatin

Based on the standard plot and spectrum analysis, it
has been inferred that three fungi namely Aspergillus
terreus NCIM 657, Aspergillus parasiticurn NCIM 898
and Phoma exigua NCIM 1237 are potential lovasta-
tin producing fungi. The spectrum analysis of samples
is presented in Figure 6.
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Figure 5: Spectrum analysis of lovastatin
The concentration of crude lovastatin produced from

three fungi as calculated from the standard plot is
shown in Table 4.
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Figure 7: TLC chromatogram of standard as well lovastatin produced

from different molds
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The kinetic study of production of lovastatin from
three molds is shown in Figure 8. It has been observed
that maximum biomass was formed with A. parasit-
icus (NCIM 898) though the concentration of lovas-
tatin was low compared to A. terreus (NCIM 657).
Maximum glucose was utilized by A. ferreus and least
by Phoma which produced less concentration of lo-
vastatin at 7 days of fermentation process.
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Fig 8: Kinetics of production of Lovastatin
DISCUSSION:
.

The screening methods as Bioassy and spectrum anal-
ysis applied in this study permitted isolation of lovas-
tatin producer from different wild type of the fungi
in a significantly shorter period as compared to the
other existing methods. UV spectrum analysis pro-
vides confirmation of synthesized product as well as
an idea of concentration of the product. These meth-
ods of screening were less expensive and required less
labour. Results obtained from these two methods can
turther be validated by HPLC which is more accurate
but time consuming. Ignoring small modifications in
fermentation conditions (media compositions), the
current study differs from the ones by Gunde et al.
(1973) @ and Shindia (1997) ?® where lovastatin was
extracted using methanol as solvent followed by TLC
and HPLC analysis while ethyl acetate was used for
extraction of lovastatin in the present study. Ethyl ac-
etate assisted to increase the sensitivity of detection
owing to good solubility of lovastatin and possibili-
ty of concentrating the organic solvent. Extraction of
acidified product with ethyl acetate followed by dis-
solving of the dried product in acetonitrile leaves the
lovastatin in the lactone form. This protocol enhanced
recovery of product unlike in the case of methanol ex-
traction, where a significant amount of lovastatin re-
mains in open hydroxyl acid form, posing difficulties
in detection.

In a previous study by Samiee et al. ¥ a large number
of microbes was screened for production of lovastatin
where Aspergillus terreus was identified as the best
lovastatin producing fungus (production level up
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to 55 mg/l) among other lovastatin producers. Gun-
de et al. ®? also identified certain microorganism for
synthesis of lovastatin by thin layer chromatography
and high pressure liquid chromatography. The spe-
cies screened as lovastatin producers were Aspergillus
terreus (up to100 mg/1), Paecilomyces variotii and Py-
thium ultimum. Other microbes with low concentra-
tion of lovastatin (1 mg/1 to 4.5 mg/1) were Aspergillus
flavus, Aspergillus niger, Aspergillus repens, Aspergillus
versicolor, Penicillium variable, Pleospora herbarum
and Trichoderma viridae repectively.

Shindia ® reported lovastatin production from As-
pergillus oryzae, Aspergillus terreus, Doratomyces ste-
monitis, Paecilomyces variotii, Penicillium citrinum,
Penicillium chrysogenum, Scopolariopsis brevicaulis
and Trichoderma viridae etc with Aspergillus terreus
as best producer.

In the present study, out of seven fungi, three were
observed as lovastatin producers; Aspergillus terreus
NCIM 657 (0.989 mg/ml), Aspergillus parasiticus
NCIM 898 (0.875 mg/ml) and Phoma exigua NCIM
1237 (0.791 mg/ml) respectively in the selected me-
dium. Further optimization of medium constituents
and other process parameters may enhance the pro-
duction of lovastatin and its yield.
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