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Aspergilli, a large and diverse genus of ubiquitous filamentous fungi are the source of
diverse secondary metabolites that can be used in the development of medications to treat
diseases. Butyrolactone | is produced as a secondary metabolite by A. terreus.
Butyrolactone | is a potent inhibitor of the eukaryotic cyclin-dependent kinases (CDK’s),
protein kinases which control cell progression in all eukaryotes. Cyclin-dependent kinases
are involved in numerous diseases in human beings like, cancer, stroke, diabetes,
inflammation and AIDS. Butyrolactone | can become a life saving molecule in the above
said diseases. In the present investigation the concentrations of carbon, nitrogen and
phosphate sources and different fermentation conditions like temperature, media pH,
agitation and incubation period were screened for their effect on the production of
Butyrolactone | by two strains of A. terreus. The optimum nutrient concentrations and
fermentation conditions for maximum production of Butyrolactone | were identified.

Introduction

Microorganisms are virtually unlimited
source of novel chemical structures with
many therapeutic applications. Aspergillus, a
large and diverse genus of filamentous fungi,
is renowned for the production of diverse
secondary metabolites (Domsch et al., 1980,
Roy et al., 1999 and Hasegawa et al., 2007).
Among the species of Aspergillus, A. terreus
a common soil fungus is a prolific producer of
secondary metabolites. Few of the compounds
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that are produced by A. terreus are as
pulvinone (Takahashi et al., 1978), asterric
acid (Curtis et al., 1960), asterriquinone (Kaji
et al., 1984), butyrolactone | (Kiriyama et al.,
1977), lovastatin (Alberts et al., 1980 and
Greenspan et al., 1985), Terreulactone A, B,
C & D (Cho et al., 2003) and Territrem A, B
& C (Lingetal., 1982 & 1984).

These secondary metabolites have evolved to
confer selective advantage to the producing
organisms, with  biosynthesis  generally
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triggered by  specific  environmental
conditions or by specific substrate or inducer.

These metabolites from A. terreus have
several applications for example Lovastatin
(mevinolin) is used as a cholesterol lowering
agent (Alberts et al., 1980), Terrein and
terreicacids have antibiotic activity (Han et
al., 2010), Terreulactone A, B, C & D are
potent Acetylcholinesterase inhibitors (Cho et
al., 2003).

Butyrolactone | ((R)-methyl 4-hydroxy-2-(4-
hydroxy-3-(3-methylbutan-2-enyl) benzyl)-3-
(4-hydroxyphenyl)-5-ox0-2, 5-dihydrofuran-
2-carboxylate) a secondary metabolite of A.
terreus discovered in 1977 (Kiriyama et al.,
1977) has antiproliferative activity against
colon and pancreatic carcinoma, human lung
cancer and prostatic cancer cell lines
(Kiriyama et al., 1977). It selectively inhibits
eukaryotic cyclin-dependent kinases (CDKSs),
which play important roles in cell cycle
progression, neuronal functions, apoptosis
and transcription in mammalian cells
(Kitagawa et al., 1994). Cyclin-dependent
kinases are involved in numerous diseases,
among which cancer, stroke, diabetes,
polycystic kidney disease, glomerulonephritis,
inflammation, and AIDS are major diseases
(Malumbres and Barbacid, 2005).

It has been postulated that fungal growth and
metabolite production are influenced by
substrates and environmental factors such as
moisture, temperature, incubation time
(Sinha, 1973; Hesseltine, 1974; Schimmel and
Parsons, 1999). This suggests that nutritional
and environmental conditions play a major
role in the production of secondary
metabolites.

In fermentation process, most of the carbon,
nitrogen, phosphate and amino acid sources
needed for fungal growth interfere with the
biosynthesis of many secondary metabolites.
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The standardization of fermentation medium
with nutrient profile for the bioactive
producing organisms is a critical and
important process as the medium composition
can significantly affect the product yield.

The objective of the present study was to
optimize the nutrients and fermentation
conditions for enhanced Butyrolactone |
production by strains of A. terreus.

Materials and Methods
Materials

Sucrose, peptone, KH,PO,, Biotin and all the
nutrients used in the present study were
procured from Fisher Scientific (Mumbai,
India). Solvents used in the present study
were obtained from Merck Chemicals
(Mumbai, India). Purified Butyrolactone |
was provided by Inogent Technologies
(Hyderabad, India).

Microorganisms and maintenance

Fungal cultures of A. terreus ITC-01, A.
terreus ITC-14 used in the present study were
obtained from the Microbial Culture
Collection, Division of Microbiology, ITC R
& D Centre, Peenya, Bangalore, India. Fungal
cultures were maintained routinely on a
potato dextrose agar medium (Himedia
Laboratories Pvt. Ltd., Mumbai, India) and
subcultured in every 30-day interval.

Inoculum preparation

Aspergillus terreus strains ITC-01 and ITC-14
were cultured on solidified potato dextrose
agar Petri plates and incubated at 28+ 2°C.
Conidiophores obtained from the 10 day old
colonies were used as inoculum source at the
rate of one 9 mm disc per flask containing
100 ml nutrient medium in all our
experiments.
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Fermentation process

All the experiments were carried out in 100
ml of media broth prepared in 500 ml of
conical flasks (Borosil, India) in triplicates.
The culture media were sterilized at 121°C for
15 minutes. The Vogel’s salt solution-50X
concentration (Vogel, 1956) at the rate of 20
ml/L was used commonly in all the
treatments.

Nutrient optimization studies

Carbon, nitrogen and phosphate are the major
nutrients required for the normal growth as
well as secondary metabolite production by
microorganisms. The concentrations of these
3 major nutrients were optimized for
maximum  production  of  secondary
metabolite, Butyrolactone I.

carbon

Optimization of

concentration

source

Sucrose was used as the source of carbon. The
different concentrations of sucrose ranging
from 1.5 to 6.50% were screened for its effect
on the production of Butyrolactone | by two
strains of A. terreus.
of nitrogen

Optimization source

concentration

Peptone (Fisher Scientific, Mumbai, India)
was used as a source of nitrogen.
Concentrations of peptone from 0.3 to 0.9%
were screened for its effect on the production
of Butyrolactone 1.

Optimization  of
concentration

phosphate  source

KH,PO, was used as a source of phosphorus.
The concentrations of KH,PO4 from 0.05 to
1.0% were tested for its effect on the
production of Butyrolactone 1.
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Process optimization studies

The fermentation or culture conditions like,
pH of the medium, incubation temperature,
incubation time, and agitation play an
important role in inducing the secondary
metabolites production by microorganisms
(Wefky et al., 2009; Lopez et al., 2004). In
the present study we have investigated the
effect of different physiological parameters
mentioned above on the production of
Butyrolactone | by two strains of A. terreus.
Same media composition was used in all the
process optimization studies (Vogel’s 50X
salt solution (Vogel, 1956) 20 ml/L, Sucrose:
60 g/L, KH,PO4: 0.75 g/L, Bacto peptone: 3.0
g/L). 100 ml of media broth in 500 ml Borosil
conical flask was used in all the experiments.
The incubation period for all the process
optimization studies except studies on effect
of incubation period was 6 days.

Effect of pH

To study the effect of initial media pH on the
production of Butyrolactone I, initial pH of
the media was adjusted over the range from
4.0 to 7.0 (Table 4) by using 1N NaOH or 1N
HCL before the media sterilization and used.

Effect of temperature

Flasks containing 100 ml of inoculated media
were incubated at wvarious temperatures
ranging from 20 to 35°C (Table 5) in a
cooling incubator (Labtech India Pvt. Ltd.,
Hyderabad, India).

Effect of agitation

To study the effect of agitation on the
production of Butyrolactone I. The inoculated
flasks were agitated at 100 rpm for different
time period viz., up to 6h, 12 h, 24 h after
inoculation and continuous agitation for
whole incubation period in an orbital shaker
at room temperature.
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Effect of incubation time

To study the effect of time course on
Butyrolactone | production, inoculated flasks
were incubated in cooling incubator (Labtech,
India) at 28+2°C for different time period
ranging from 120 to 264 hours (Table 7).

Effect of optimized nutrient media
compositions and fermentation conditions
on the yield of butyrolactone I

Nutrient media (Medium Il in Table 8) was
prepared by using the  optimized
concentrations  of  carbon,  nitrogen,
phosphorus and pH from the above nutrient
optimization studies. The media broths were
inoculated with two strains of A. terreus ITC-
01 & ITC-14 and were grown in optimized
growth conditions and evaluated for their
ability to produce enhanced Butyrolactone |
and compared with two other media
compositions viz., Vogel’s medium (Control
medium in Table 8) and Vogel’s medium with
enriched carbon source (sucrose)(Medium I in
Table 8) concentration to identify the best
media profile for the enhanced production of
Butyrolactone | from A, terreusstrains.

Harvesting of fungal biomass

After the incubation period the fungal
biomass in the culture flasks were harvested
by filtering the contents of the flask using
what man no.lfilter paper. The harvested
fungal biomass was pressed between the folds
of the blotting sheets to remove excess water,
air dried for 30 minutes and used for
subsequent solvent extraction.

Extraction of Butyrolactone |

The fungal biomass obtained was taken in 250
ml conical flask mixed with ethyl acetate in
the ratio of 1:10 (biomass: solvent: 1: 10 w/v)
and agitated on a rotary shaker at 100 RPM
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for 20 minute in room temperature. The
agitated mixture was filtered using what man
no. 1 filter paper and taken in a separating
funnel. The solvent layer was separated and
evaporated using Rota vapor (lka, Germany)
to concentrate the extraction of bioactives.

Butyrolactone estimation by HPLC
Sample preparation for HPLC

Known weight of the concentrated bioactives
extract from fungal biomass was dissolved in
known quantity of Methanol and subjected for
HPLC assay.

HPLC assay procedure

The butyrolactone | was assayed using HPLC
with an Agilent 1200 serial system equipped
with a quaternary pump, online degasser,
auto-sampler, column heater and variable
wavelength detector. Separation was achieved
on a reversed phase column (Agilent Hypersil
C18, 2.1 mm % 200 mm, pore size 5 um, PN
79916AA-572, USA).

The Butyrolactone was eluted isocratically
with a mobile phase of acetonitrile and water
(40:60 v/v) at a flow rate of 0.5 ml/min with
detection at 300 nm. Elution profiles were
monitored and peaks were identified by UV
absorbance at 300 nm. The temperature was
maintained at 25°C. The injection volume
was 10 pL. Authentic standards of
Butyrolactone | was used to confirm the
retention time and quantity of each compound
in fungal extracts.

Data analysis

The data collected in this study was subjected
to analysis of variance (ANOVA) and
comparison between treatment means was

made using Duncan’s multiple range test
(DMRT) (Little and Hills, 1978).
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Results and Discussion

The first step in utilizing the strains producing
secondary metabolites is to modify the basic
production medium and conditions to obtain
maximum vyield of the desired compound.
This was accomplished by screening and
optimizing different nutrient concentrations
and process parameters.

Optimization of nutrients

The experimental results obtained from
nutrient optimization studies for maximizing
the production of Butyrolactone | from two
strains of A. terreus are presented in Tables 1
to 3. The result from nutrient optimization
studies revealed that, among the different
sources of nutrients carbon plays a major role
in the production of Butyrolactone | followed
by nitrogen and phosphorus nutrients.

Among the different concentrations of carbon
source, 6.0% sucrose was found to be the
optimum for maximum production of
Butyrolactone | for both the strains of fungi
(Table 1). At 6.0 % sucrose concentration the
yield of Butyrolactone | was 28.43 and 24.97
mg in ITC-01 and ITC-14 strain respectively,
which was significantly higher compare to all
other concentrations of sucrose. Similarly the
nitrogen source (peptone) concentration at 3.0
g/L produced Butyrolactone 1 yield of 17.24
(ITC-01) and 22.28 (ITC-14) mg per 100 ml
media which was significantly higher
compare to all other peptone concentrations,
therefore the peptone concentration at 3.0 g/L
was found to be the optimum concentration
(Table 2). The peptone concentration above
0.3 g/l was found to reduce Butyrolactone I
production significantly in both the strains of
A. terreus.

In case of phosphorus source, the
concentration of KH,PO, at the rate of 0.75
g/L in case of ITC-01 and 1.0 g/L in case of
ITC-14 was found to produce maximum vyield
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of Butyrolactone 1 (34.81 and 33.63 mg

Butyrolactone | in ITC-01 and ITC-14
respectively) (Table 3). Biosynthesis of
several secondary metabolites by

microorganisms is controlled by phosphate
concentration (Martin, 1977).

In the present investigation the fermentation
medium with higher concentration of carbon
source and reduced concentration of nitrogen
and phosphorus produced maximum yield of
Butyrolactone 1. Our results are in conformity
with Lopez et al., (2004), who also observed
higher production of bioactive compound
lovastatin by high C/N ratio in the medium.
Optimization of fermentation
parameters

process

In the present experiment the process
parameters viz., initial media pH, incubation
temperature, agitation and incubation time
were optimized for maximum production of
Butyrolactone | by A. terreusstrains ITC-01
and ITC-14. The results of the studies on
optimization of fermentation conditions are
presented in Tables 4 to 7.

Effect of pH

The observations (Table 4) from the
experiment to find out the effect of media pH
on Butyrolactone | production clearly showed
that pH in the range of 6.5 to 7.0 to be the
best pH range for maximum yield of
Butyrolactone | by ITC-01 and pH 6.5 for
ITC-14. Although the fungi can grow on wide
range of pH ranging from 2 to 8.5 the
maximum production of toxins and secondary
metabolites occur at pH near to alkaline
conditions (Lie and Marth, 1968). In the
present study both the strains of A. terreus
produced highest Butyrolactone | at a pH of
6.5 (37.64 and 47.01 mg of Butyrolactone |
by ITC-01 and ITC-14 respectively) which is
in conformity with the findings of Lie and
Marth (1968).
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Effect of incubation temperature

Temperature is one of the most important
environmental process parameter influencing
the growth and production of secondary
metabolites by fungi (Castella et al., 1999,
Ramos et al., 1998). Both the strains of A.
terreus produced maximum Butyrolactone | at
incubation temperature of 30°C (Table 5),
hence temperature of 30°C was found to be
the optimum for the production of
Butyrolactone 1. At 30°C ITC-01 and ITC-14
strains produced 19.38 and 36.25 mg of
Butyrolactone | per 100 ml nutrient media,
which was highest, compared to all other
temperature treatments (Table 5). The
production of Butyrolactone | by both the A.
terreus strains increased with increase in
temperature from 20°C and reached maximum
production at 30°C. The incubation
temperature above 35°C was found to reduce
the production of Butyrolactone 1. Leal-
Sanchez et al.,, (2002) and Lopez et al.,
(2004) reported that temperature to have
significant effects on the production of the
bioactive compounds which is in agreement
with our study.

Effect of agitation

The observations from the experiment (Table

6) showed that fermentation process at
stationery and/or agitation up to initial 12 h
after inoculation to will give maximum yield
of Butyrolactone |1 compare to fermentation
process in complete agitation. The yield of
Butyrolactone | was same in Stationery, 6h
agitation and 12 h agitation (Table 6).

Effect of incubation time

Among all the parameters of fermentation
process, incubation time was found to be the
most influencing factor in the production of
Butyrolactone | by A. terreus strains. The
observations from the studies (Table 7)
showed the maximum production of
Butyrolactone | at 10 days of incubation.
After 10 days of incubation period the yield
of Butyrolactone | was found to reduce
significantly (data not shown). At 10 days
ITC-01 produced 78.01 mg of Butyrolactone |
per 100 ml of media whereas ITC-14
produced 60.62 mg (Table 7). Our study is in
conformity with the studies of Panda et al.,
(2007) and Wefky et al., (2009) who also
showed that production of secondary
metabolites viz., lovastatin and other
antibiotic compounds by A. terreus and
Enterococcus faecium was influenced by
incubation time.

Table.1 Effect of different concentrations of carbon source on the yield of Butyrolactone |

SL. | Sucrose (g/l) | Yield of Butyrolactone 1 mg/100 ml media

A. terreus ITC-01

1 |15 4.37°
2 30 10.17°
3 45 19.96°
4 60 28.43?
5 65 27.45°
LSD (P< 0.05) 1.055

A. terreus ITC-14
1.10¢

5.65¢

23.98°

24.97a

24.01 a

0.6222

Note: 1. Mean values in each column with the same superscript(s) do not differ significantly by DMRT (P = 0.05),
2. The growth medium contained Vogel’s salt solution (50X) @ 20 ml/L in addition to sucrose. 3. Fermentation was

carried out at room temperature
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Table.2 Effect of different concentrations of nitrogen source on the yield of Butyrolactone |

SL. | Peptone (g/l) Yield of Butyrolactone 1 mg/100 ml media
A. terreus ITC-01 A. terreus ITC-14

1 |3 17.24° 22.28%
2 5 14.90° 16.91°
3 7 11.81° 13.23°
4 9 9.63° 9.22d
LSD (P< 0.05) 1.545 3.656

Note: 1. Mean values in each column with the same superscript(s) do not differ significantly by DMRT (P = 0.05),
2. The growth medium contained Vogel’s salt solution (50X) @ 20 ml/L and sucrose @ 60 g/l in addition to
Peptone. 3. Fermentation was carried out at room temperature

Table.3 Effect of different concentrations of phosphorus source on the yield of Butyrolactone |

SL. | KH,PO, (g/l) ' Yield of Butyrolactone | mg/100 ml media
A. terreus ITC-01 A. terreus ITC-14

1 |05 24.36° 33.53%
2 075 34.81° 21.50°
3 1.0 23.84° 33.63?
4 125 29.51° 29.08°
LSD (P< 0.05) 1.917 1.503

Note: 1. Mean values in each column with the same superscript(s) do not differ significantly by DMRT (P = 0.05),
2. The growth medium contained Vogel’s salt solution (50X) @ 20 ml/L and sucrose @ 60 g/l in addition to
KH,PO,. 3. Fermentation was carried out at room temperature

Table.4 Effect of pH on the yield of Butyrolactone | at room temperature

SL. | Initial media pH @ Yield of Butyrolactone I mg/100 ml media
A. terreus ITC-01 A. terreus ITC-14

1 40 28.43° 38.99°
2 45 22.6¢ 40.85°
3 50 21.56¢ 31.06°
4 55 29.31° 32.21°
5 6.0 36.57° 28.80"
6 65 37.64° 47.01%
7 |70 34.58" 36.39¢
LSD (P< 0.05) 1.393 1.625

Note: 1. Mean values in each column with the same superscript(s) do not differ significantly by DMRT (P = 0.05),
2. The growth medium contained Vogel’s salt solution (50X) @ 20 ml/L, sucrose @ 60 g/l, KH,PO, @ 0.75 g/l and
Peptone @ 3.0 g/l. 3. Fermentation was carried out at room temperature
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Table.5 Effect of incubation temperature on the yield of Butyrolactone |

SL. | Temperature | Yield of Butyrolactone | mg/100 ml media

A. terreus ITC-01

1 20°C 2.96°

2  25°C 15.11°
3 | 30°C 19.38°
4  35°C 16.52"

LSD (P< 0.05) 0.447

1.38°
27.21°
36.25°
25.01°
2.267

A. terreus ITC-14

Note: 1. Mean values in each column with the same superscript(s) do not differ significantly by DMRT (P = 0.05),
2. The growth medium contained Vogel’s salt solution (50X) @ 20 ml/L, sucrose @ 60 g/1, KH,PO, @ 0.75 g/l and
Peptone @ 3.0 g/l.

Table.6 Effect of agitation on the yield of Butyrolactone | at room temperature

SL.

A WNEF

5

Agitation (100 rpm)

Stationery

Initial 6h after incubation
Initial 2h after incubation
Up to 24 h after incubation
Complete agitation

LSD (P< 0.05)
Note: 1. Mean values in each column with the same superscript(s) do not differ significantly by DMRT (P = 0.05),

2. The growth medium contained Vogel’s salt solution (50X) @ 20 ml/L, sucrose @ 60 g/1, KH,PO, @ 0.75 g/l and
Peptone @ 3.0 g/l

Yield of Butyrolactone 1 mg/100 ml media

A. terreus ITC-01
26.31%

25.11%

25.63%

13.39°

5.44°

1.604

A. terreus ITC-14
27.29%

28.12%

27.10%

24.73°

6.97c

1.043

Table.7 Effect of incubation period on the yield of Butyrolactone | at room temperature

SL. | Incubation days | Yield of Butyrolactone I mg/100 ml media

A. terreus ITC-01

1  5days 57.38"
2 6days 57.49"
3 7day 32.32¢
4 8days 31.92¢
5  9days 33.87°
6  10days 78.01°
7 11days 56.52°
LSD (P< 0.05) 1.546

22.81"
37.39°
33.87¢
26.93°
40.23°
60.62%
42.31°
2.003

A. terreus ITC-14

Note: 1. Mean values in each column with the same superscript(s) do not differ significantly by DMRT (P = 0.05),
2. The growth medium contained Vogel’s salt solution (50X) @ 20 ml/L, sucrose @ 60 g/l, KH,PO, @ 0.75 g/l and
Peptone @ 3.0 g/l
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Table.8 Effect of different nutrient media compositions on the yield of Butyrolactone |

C/N/P Source Media compositions

Control (Vogel’s medium)  Medial Mediall
Vogel’s salt solution (50X) ' 20 ml 20 ml 20 ml
Sucrose 15¢ 609 609
Peptone 0 0 309
KH,PO, 0 0 *0.75t01.0 g
pH 5.8 5.8 6.5
Fermentation conditions
pH 5.8 6.5 6.5
Temp 30°C 30°C 30°C
Incubation period 6 days 10 days | 10 days
Agitation Nil 0-12 h 0-12 h
Butyrolactone | yield
(mg/100 ml)
A. terreus ITC-01 18 45 63 (40)
A. terreus ITC-14 23 57 71 (24)

Note: 1. Mean values in each column with the same superscript(s) do not differ significantly by DMRT (P = 0.05),
2. The values given in the bracket under Media Il column represent the percent increase in the production of
Butyrolactone | over Media I. 3. *In case of A. terreuslITC-14KH,PO, was used @ 1.0 g/L

Effect of optimized nutrient media
composition and fermentation conditions
on the yield of Butyrolactone |

The observations on yield of Butyrolactone |
from optimized media and conditions are
presented in Table 8. It shows that when
strains of A. terreus were grown in optimized
fermentation conditions in media containing
optimized concentrations of carbon, nitrogen
and phosphorus nutrients (medium 1)
Butyrolactone | yield was enhanced by 24 to
40% higher compared to Vogel’s media
enriched with sucrose (medium I).

The A. terreus grown in optimized medium
produced Butyrolactone | yield of 63 and 71
mg by ITC-01 and ITC-14 respectively which
was significantly higher than yield in Vogel’s
medium with enriched sucrose concentration
which  produced 45 and 57 mg of
Butyrolactone | per 100 ml of medium by
ITC-01 and ITC-14 respectively.
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From the results, the best medium
composition for the enhanced production of
Butyrolactone | by A. terreus strains was
found to be “Vogel’s salt solution (50X) 20
ml/L, Sucrose 6.0 %, Peptone 0.3% and
KH,PO,4 0.075 to 0.1%, similarly initial media
pH of 6.5, agitation up to initial 12h after
inoculation, incubation period of 10 days and
Incubation temperature of 30°C, were found
to be the optimum conditions for maximum
production of Butyrolactone | by A. terreus
ITC-01 and ITC-14.
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