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Abstract: Lovastatin is a natural competitive inhibitor of 3-hydroxy-3-methyl glutaryl coenzyme-A (HMG-CoA)
reductase and inhibits specifically rate limiting step in cholesterol biosynthesis. Further, lovastatin in comparison with
synthetic drugs has no well-reported side effects. Four pure isolated filamentous fungal strains including Aspergillus
niger IBL, Aspergillus terreus FFCBP-1053, Aspergillus flavus PML and Aspergillus nidulans FFCBP-014 have been
cultured by solid state fermentation (SSF) using rice straw as substrate for the synthesis of lovastatin. After selecting
Aspergillus terreus FFCBP-1053 as the best producer of lovastatin, various selected physical parameters including pH,
temperature, inoculums size and moisture content were optimized through response surface methodology (RSM) under
center composite design (CCD) for lovastatin hyper production. Maximum lovastatin production of 2070+£91.5 was
predicted by the quadratic model in the medium having moisture content 70% and pH 4.5 at 35°C which was verified
experimentally to be 2140+93.25ug/g DW of FM (microgram/gram dry weight of fermentation medium), significantly
(P<0.05) high as compared to un-optimized conditions while it was noted that lovastatin production is independent on
inoculum size (P>0.05) measured by spectrophotometer at 245 nm against standard. It was determined that optimized
conditions for the hyper-production of lovastatin from fungal sources have a significant effect.
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INTRODUCTION

required appropriate early diagnosis and adequate
management using counseling and medication (WHO,

Hypercholesterolemia; linked with inadequate diet plans,
sedentary life style, lack of proper physical activities or
exercise and many other socioeconomic glitches; is
fetching underdeveloped countries to an alarming threat.
World Health organization (WHO) estimated till 2015,
Non communicable diseases (NCDs) have been caused
about 40 million deaths. It was reported that globally
CVDs are the major cause of these deaths than any other
cause due to NCDs deaths. Among four major death
causes of NCDs, CVDs accounts 45% (about 17.7 million
deaths), 22% deaths due to different type of cancers
(accounting about 8.8 million deaths); 3.9 million people
die due to chronic respiratory disease (accounting about
10%) and 4% deaths occurred due to diabetes (1.6 million
deaths). Further, it was reported that low and middle
income countries are affected more than % of CVD deaths
than others. People with CVDs or at high CVD risk
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2017). It has also been reported that high cholesterol level
increases the risk of several nervous system diseases like
dementia/Alzheimer’s disease (Kivipelto, 2002, Notkola,
Sulkava et al., 1998) and Ischemic heart stroke (IHS)
(Lewington et al., 2007). Further, hypercholesterolemia
stimulates the chances of diabetes development, obesity
and certain types of cancers. That is why; high blood
cholesterol level and supplementary risk factors put the
advanced world at one of the chief worldwide socio-
economic and medical confront (Hui and Howles, 2005).

Like many enzymes inhibiting drugs, anti-cholesterol
agents including lovastatin and mevastatin also
competitively inhibit cholesterol biosynthesis rate-
limiting step catalyzed by HMG-CoA reductase, i.e.
conversion of HMG-CoA to mevalonate (Alberts et al.,
1980, Hajjaj et al., 2001, Tahir et al., 2016). So lovastatin
inhibits the production of non-sterol isoprenoid
compounds to prevent stroke (Hebert, 1997) and to
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suppress the tumor development (Rollini, 2002 and
Tobert, 2003). Various strategies and medical remedies
like fibrates, dietary plans, bile acid sequesters including
cholestyramine and colestipol, nicotinic acid and probucol
were used till 1987 when lovastatin was unavailable to
control the hyperlipidemia; though, such precautionary
managements to regulate blood cholesterol have limited
admissibility or value, or both (Tang et al., 1998).
Introduction of lovastatin in market as being used to
reduce low density lipoprotein (LDL) cholesterol
significantly was highly acknowledged with no well
reported side effects, easy to take and due to very short
dosage size as anti-cholesterol agent. Fermentation
biotechnology as an emerging field used agro-industrial
wastes as supporting substrates has significant and cost
effective role for lovastatin production as secondary
metabolite. Different types of filamentous fungi including
Penicillium species Aspergillus species, and Monascus
species have higher capability for lovastatin production
through this technique. It was also reported that species of
Scopolariopsis, Paecilomyces, Doratomyces, Pleurotus,
Trichoderma, Phythium, Phoma, Gymnoascus and
Hypomyces have also potential to produce lovastatin
during the course of fermentation (Gunde-Cimerman et
al., 1995 and Shindia, 1997). So, the major rationale of
this research work was to explore the potential of local
Aspergillus species for lovastatin hyper production under
optimized fermentation conditions and interaction of these
parameters using RSM statistical model.

MATERIALS AND METHODS

Fermentative organisms

Aspergillus terreus FFCBP-1053 and Aspergillus nidulans
FFCBP-014 were purchased from First Fungal Culture
Bank of Pakistan (FFCBP), Department of Mycology &
Plant Pathology, University of the Punjab, Lahore,
Pakistan. Aspergillus flavus PML Aspergillus niger IBL
were available in the Department of Biochemistry,
University of Agriculture, Faisalabad, Pakistan. 10 mL of
sterilized 0.1% Tween-80 solution was added to make
spore suspension to a 7-day old pure culture slants of the
fungi and the number of spores in the inoculum were
counted using hemocytometer method and adjusted at 5x
10"to 5x 10®spores per/ml (Kolmer et al., 1951).

Experiment design

During the first phase of this work, the efficacy of
lovastatin production with selected strains using rice
straw as substrate was examined for 10 days by using pre-
optimized conditions as 30°C temperature, pH 5.0, 5.0g
substrate conc., 60% v/w moisture content, and 2.0mL
inoculum size. Samples were harvested after every 24
hours for successive 10 days to select the best lovastatin
producing fungal strain (fig. 1). In the next phase,
different levels of fermentation conditions were used to
enhance lovastatin production, viz. pH (4.5, 5.0, 5.5, 6.0
and 6.5), temperature (°C) (25, 30, 35, 40 and 45)

inoculums size (mL) (1.0, 1.5, 2.0, 2.5 and 3.0) and
moisture content (%) (50, 60, 70, 80 and 90).
Experimental design was formulated according to CCD of
RSM using DESIGN EXPERT software (table 1).

STATISTICAL ANALYSIS

Lovastatin extraction and determination

Solid culture media was dried for two days at 60°C and
15mL methanol was used to extract lovastatin from 0.5g
of the dry culture media with continue shaking in a shaker
for 60 min at 220 rpm (Ajdari et al., 2011). Whatman
filter paper 1 (0.2um) was used to filter extracted
lovastatin and lovastatin concentration in the filtrate was
measured using efficient and reliable method of Rajput
and Raj (2009) by spectrophotometer at 245 nm. This
method was successfully applied. A slightly modified
linearity (r > 0.999) was found while the estimation of
lovastatin concentration ranging from 0 to 2500 pg/mL
range set by standards (Rajput and Raj 2009; Jaivel and
Marimuthu, 2010). The data collected was subjected to
Analysis of Variance (ANOVA). The Response Surface
Methodology plots (RSM plots) and contour graph were
drawn by using state software Ver. 7.0 (Trial version,
USA). To determine the optimum condition point,
prediction tools were used. Further, calculations to
determine the means and standard errors of means (Mean
+ S.E) for each treatment were performed (Steel et al.,
1997).

RESULTS

For the production of lovastatin from selected Aspergillus
species, many studies have already been done to optimize
the cultural conditions. So, in the first phase of study pre-
optimized conditions were used (fig. 1) and the results of
current study explored that Aspergillus terreus FFCBP-
1053 is the best producer of lovastatin (1562+19.2
ng/gDW of FM), on seventh (7") day of incubation
(Venkateswaran and Vijayalakshmi, 2010) among selected
strains i.e. Aspergillus nidulans FFCBP-014 (391+23.1
pg/g DW of FM), Aspergillus niger IBL (774+8.0 pg/g
DW of FM), Aspergillus flavus PML (504+22.ug/g DW
of FM) (fig. 1) (Kamath, Dwarakanath et al., 2015,
Osman, Khattab et al., 2011). Statistical analysis of the
second phase data revealed that Aspergillus terreus
FFCBP-1053 in medium having 70% moisture content on
incubating at 35°C with pH 4.5 during SSF showed
significant (P<0.05) response in the form of lovastatin
production (figs. 2-4) while, independent on inoculum
size (P>0.05) (fig. 2).

DISCUSSION

RSM for optimization of Lovastatin production
Experiment design was mapped up using modern
statistical design RSM to check the response (lovastatin
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Fig. 1: Concentration of lovastatin produced by selected
fungal strains on rise straw used as substrate during 10
days (Temperature 30°C, pH 5.0, Substrate
concentration 5.0g, Moisture content 60% v/w,
Inoculum size 02mL)

production) and to manage time as well as cost of study at
minimum. Thirty runs were proceeded using four
different factors with five levels of each (table 1) and the
evaluation of model fitting was checked on the basis of
lowest residual sum of squares (error) (SSE) (Allen and
Yu, 2002).

The results of analysis of variance showed that the model
is highly significant (F-value >4.0) derived by MS
regression and MS residual (table 2). Further, the
significance of model was cleared from P value (Prob> F)
of the model (P<0.05) (table 2) and the R? value is 0.798
closer to 1 which indicated that mathematical model is
better fit and very reliable. Coefficient estimates and P
values of used variables revealed that pH, temperature
and moisture content are significant (P<0.05) model
parameters while non-significant (P>0.05) effect of
inoculum size was observed on Lovastatin production.

The quadratic model equation given below was obtained
after analysis of the experimental data:

Lovastatin Yield (ug/g DW of FM) = -9364.14 +
133.5866*M  +  494.0609*T -  389.107*P -
0.917369*M*M - 7.316564*T*T

Three dimensional (3D) graphs of significant factors were
constructed to represent the data in concise manner e.g. in
pairwise combination and constructed contour graphs
using RSM software were analyzed further to explore
optimum points of the variables at a time by point
prediction statistical software (figs. 3, 4 & 5).

Screening for lovastatin production

Lovastatin produced as a secondary metabolite by various
filamentous fungi so in the first phase of study pre
optimized conditions were used to find out the
fermentation duration for maximum production of this
secondary metabolite by selected fungal species. It was
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Fig. 2: Prediction profile plot for the production of
lovastatin (response) with various levels of factors
presenting optimized points

M= Moisture content (%v/w), T= Temperature (°C), P= pH,
I= Inoculum Size, Response = Lovastatin production (png/g
DW of FM)

[

explored that Aspergillus terreus FFCBP-1053 is the best
producer of lovastatin among selected fungal strains on 7™
day of incubation at selected pre optimized conditions on
rise straw as substrate for 10 days (fig. 1) (Venkateswaran
and Vijayalakshmi, 2010); (Kamath, Dwarakanath et al.,
2015, Osman, Khattab et al., 2011).

.=
'

H?T!N"‘
Fived Levels: pH-55 I=Zml

o T T —

Fig. 3: The contour plot and the corresponding response
surface plot showing the effects of Moisture content
(%v/w) and temperature (°C) on lovastatin production by
Aspergillus terreus FFCBP-1053 with fixed levels of
Inoculum (2mL) and pH (5.5)
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Fig. 4: The contour plot and the corresponding response
surface plot showing the effects of pH and temperature
(°C) on lovastatin production by Aspergillus terreus
FFCBP-1053 with fixed levels of Inoculum (2mL) and
moisture (70%)

Where P= pH, T=Temperature (°C), Response= Lovastatin
production (ng/g DW of FM)

Where M= Moisture content (%v/w), T=Temperature (°C),
Response= Lovastatin production (ng/g DW of FM)

Moisture Content and lovastatin Production

Several studies revealed that increasing or decreasing
%age moisture content significantly affects the lovastatin
biosynthesis. Moisture contents basically influence the
lovastatin production by affecting voidage volume and
surface area of medium. Alteration in air supply directly
change the oxygen availability required for cellular
metabolism, so, when the moisture content is low it
enhance the oxygen supply but at low water concentration
production of heat might influence metabolic activity of
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Fig. 5: The contour plot and the corresponding response
surface plot showing the effects of Moisture content
(%v/w) and pH on lovastatin production by Aspergillus
terreus FFCBP-1053 with fixed levels of Inoculum
(2mL) and temperature (35°C)

Where M= Moisture content (%v/w), P= pH, Response=
Lovastatin production (ng/g DW of FM)

fungi (Jaivel and Marimuthu, 2010). Further, when the
moisture content is above 70% it decreased the passage of
oxygen due to decreased aeration ultimately decreased
lovastatin production (Faseleh Jahromi, Liang et al.,
2012). It was found that at moisture content of 70%
Aspergillus terreus UV 1718 gave highest production of
lovastatin (3004+25ug g”' DFM) (Pansuriya and Singhal,
2010, Prabhakar, Lingappa et al., 2012).

Incubation temperature and lovastatin production

Fermentation temperature results showed that increasing
temperature more than 35°C had negative response in the
form of lovastatin production. Change in temperature
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Table 1: Optimal design for optimization of lovastatin production

Run Moisture Content (%v/w) InOCl(lrl;lIIjl) Size Tem(;()fgl ture pH Resp (()Ll;;]s%\&azt;g&;held)

1 60 1.5 30 5.0 1583 £57.5

2 80 1.5 30 5.0 1675 +59.0

3 60 2.5 30 5.0 1500 + 43.59

4 80 2.5 30 5.0 2140 £93.25

5 60 1.5 40 5.0 1540 £51.0

6 80 1.5 40 5.0 1710 £ 63.0

7 60 2.5 40 5.0 1380 +37.85

8 80 2.5 40 5.0 1270 £39.0

9 60 1.5 30 6.0 1230 +42.50
10 80 1.5 30 6.0 1590 + 52.00
11 60 2.5 30 6.0 1451 £46.00
12 80 2.5 30 6.0 1130 +48.55
13 60 1.5 40 6.0 1125 +£34.50
14 80 1.5 40 6.0 1253 +38.00
15 60 2.5 40 6.0 1045 +29.50
16 80 2.5 40 6.0 1360 + 53.85
17 50 2.0 35 5.5 990 +27.25

18 90 2.0 35 5.5 1245 +52.15
19 70 1.0 35 5.5 1660 + 72.50
20 70 3.0 35 5.5 1680 + 81.50
21 70 2.0 25 5.5 1635 +77.45
22 70 2.0 45 5.5 1035 +41.25
23 70 2.0 35 4.5 1150 +53.00
24 70 2.0 35 6.5 1005 + 43.69
25 70 2.0 35 5.5 1690 + 79.50
26 70 2.0 35 5.5 1710 + 84.50
27 70 2.0 35 5.5 1635 +69.90
28 70 2.0 35 5.5 1730 + 65.99
29 70 2.0 35 5.5 1670 +71.65
30 70 2.0 35 5.5 1780 + 81.50

Incubation time 7 days, Substrate conc. 5g
Table 2: The results of hypothesis tests for linear, quadratic, and cross product terms

Regression DF Type I sum of Squares R-Square F Value Pr>F
Linear 4 677440 0.2816 5.04 0.0089
Quadratic 4 1127625 0.4687 8.38 0.0009
Cross product 6 96429 0.0401 0.48 0.8144
Total Model 14 1901493 0.7904 4.04 0.0055

Significant (p<0.05), Non-Significant (p>0.05)

significantly influenced the production of metabolites
from microorganisms as well as enzymes activity, protein
functioning and cell viability (Chanakya, 2011), so, lower
concentration of lovastatin production with increase or
decrease in temperature might be due to the effect of
temperature on enzymes activity involved in metabolic
process for lovastatin synthesis (Pyo, 2007). Monascus
pilosus ‘KFRI 1140’ in soybean medium as substrate at
35°C gave supreme response in the form of mevinolin
(2.9¢g /g of dry wt) and Monascus pilosus ‘M12-69° with
inoculum size 5 mL gave highest production of monacolin

K (lovastatin) at 30°C (2.5mg monocolin K/g of
substrate) by SSF (Chen and Hu, 2005, Wang, Lee et al.,
2003).

pH of culture media and lovastatin production

A change in pH significantly affects the growth as well as
productivity of microbes. Further, a small variation in pH
also influences the activity of biocatalysts and fluctuation
in pH retardates the fungal growth (Munir, Asgher et al.,
2015). The pH of fermentation medium could have a
significant role in the behaviors of lovastatin production
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as secondary metabolite and on the growth of fungi
(Buckland, Gbewonyo et al., 1989) (Lai, Tsai et al.,
2005). It was explored, by using several substrates
including fermented raw rice, broken wheat, maize,
germinated finger millet and parboiled rice for lovastatin
synthesis, that medium having pH 4.4 showed the
maximum level of statins (5.2g/kg dry wt)
(Venkateswaran and Vijayalakshmi, 2010). Valera et al.
(2005) determined that lovastatin synthesis enhanced in a
medium having pH 4.8 with a continue slightly stirring
two-liter bioreactor.

Inoculum size and lovastatin Production

Varying size of inoculum (1-3 mL with fungal spores 5 x
10’/mL) for enhanced production of lovastatin showed
non-significant effect (fig. 2) by Aspergillus species SSF
process (Faseleh Jahromi, Liang et al., 2012). Small
inoculum size less 5107 spores/mL showed a depressive
behavior of microbes due to higher level of nutrients or
prolonged lag phase (Pansuriya and Singhal, 2010) and on
the other hand fungal spores more than 5 %10’ might
exhaust the available nutrient before stipulated time
period and impose a toxic effect on fungal growth and
fungal products (Chanakya, 2011).

CONCLUSION

The study showed that the optimization of nutritional and
physical parameters by RSM under CCD is a time saving
as well cost effective statistical design for the hyper-
production of lovastatin by Aspergillus terreus FFCBP-
1053 using rice straw through SSF process. It was also
reported that optimized conditions significantly improved
the lovastatin production from indigenous fungal source.
The promising high concentration of lovastatin also
suggests the application of fermentation biotechnology for
the large scale production of this drug which would be a
cheap source of lovastatin as a natural drug could be used
to treat hypercholesterolemia. In future, this study can be
expanded through running animal trials to investigate the
beneficial as well as detrimental effects of fungal origin
drugs.
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