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ABSTRACT
Taxol, an important and expensive diterpenoid anticancer drug, which was especially targeted
to treat breast and ovarian cancers, was originally isolated from the bark of Pacific yew, Taxus
brevifolia. The endophytic fungi are able to produce Taxol has made the possibility that a
cheaper and more widely available product may eventually be produced by industrial
fermentation. The present study discusses the effect of incubation, temperatures,  pH, media
and carbon sources on the growth of the test fungus Botryodiplodia theobromae Pat. The
potential production of Taxol by the test fungus at different days of incubation period was
studied. The production of Taxol was confirmed by analytical techniques i.e. High Pressure
Thin Layer Chromatography (HPTLC), Ultra Violet spectrum (UV) and FTIR spectrum.
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Introduction

Microorganisms, like bacteria or fungi, which
colonize healthy plant tissue and persist there either
in a dormant phase or initiate more extensive but
symptomless infections are known as endophytes
(Petrini et al., 1982; Bills, 1996; Wilson, 1995).

Many of these may eventually prove useful as
agents of biological control or as sources of toxic and
highly specific metabolites towards animal pests and
plant pathogens. The endophytic fungi may produce
several substances that provide protection and
survival value to the plant. The biological association
between the fungus and its host is considered to be
mutualistic (Schultz et al., 1998). Endophytic fungi
are of biotechnological interest due to their potential
use as genetic vectors (Muray et al., 1992), as
biological control agents (Dorworth and Callan, 1996),
and as a source of novel metabolites for therapeutics
(Strobel et al., 1996 a&b). For the last few decades,
biologically active fungal metabolites serve as an
excellent source for pharmacological principles with
reference to cancer.

Taxol, an important and expensive diterpenoid
anticancer drug, which was especially targeted to
treat breast and ovarian cancers, was originally
isolated from the bark of Pacific yew, Taxus brevifolia
(Wani et al., 1971). Due to the storage of yew trees
the Taxol is produced by semi-synthetic method in
the industry and the production of Taxol cannot meet
the demand of growing market. Plant cell culture has
been suggested as an attractive alternative technique
that could overcome the limitation of extracting

useful metabolites from natural resources. In spite of
many reports from various groups, commercial
Paclitaxel production by plant cell culture has not yet
been successful. The major obstacle to
commercialization has been the low yield of Paclitaxel
from plant cell culture. Taxol producing endophytic
fungi, Taxomyces andreanae and Pestalotiopsis
microspora, have been reported, demonstrating that
the organisms other than Taxus spp. could produce
Taxol Strobel et al., (1993). The endophytic fungi are
able to produce Taxol in culture and eventually it
may be available via industrial fermentation. The
present study discusses the effect of incubation,
temperatures, pH, media and carbon sources on the
growth of the taxol producing test fungus
Botryodiplodia theobromae Pat. The potential
production of Taxol by the test fungus at different
days of incubation period is also discussed.

Materials and Methods

Test organism

The test fungus Botryodiplodia theobromae Pat.
was obtained from Madras University Botany
Laboratory (MUBL) culture collection of CAS in
Botany, University of Madras, Guindy, Campus,
Chennai - 25. The test fungus was sub-cultured and
maintained on Potato Dextrose Agar (PDA) medium.
For screening Taxol production the fungus was grown
in MID and PDB media.

Growth of the fungus in different days

The fungus was grown in 250 ml Erlenmeyer
flasks containing 150 ml of Potato Dextrose Broth
and MID medium supplemented with 1 g soytone
1− 1 (Strobel et al., 1993). The cultures were incubated
for 5, 10, 15, 20 and 25 days.
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Effect of pH on the growth of fungus

The fungus was grown in 250 ml Erlenmeyer
flasks containing 150 ml of Potato Dextrose Broth
and MID medium supplemented with 1 g soytone
1− 1 in different pH i.e. 4.0, 5.0, 6.0, 7.0 and 8.0. After
3 weeks the fresh and dry weights of the mycelium
produced per flask was determined.

Effect of Temperature on the growth of fungus
The effect of temperature on vegetative growth

was investigated by inoculating a 3-mm disc of
mycelium in to 150 ml of the Potato dextrose broth
and MID medium in 250 ml in Erlenmeyer flasks.
The cultures were incubated at different
temperatures i.e. 4, 14, 25 and 30°C. After 3 weeks
the fresh and dry weights of the mycelium produced
per flask was determined.

Effect of different carbon sources on the
growth of fungus

Four carbon containing compounds (Maltose,
Lactose, fructose and sucrose) were taken separately
in sufficient quantity to create a concentration
equivalent to 20 g of carbon/L of medium of PDB and
30 g of carbon in MID medium. Three replicates were
used in each experiment. Uniform circular agar
blocks (3-mm) containing mycelial mat were cut from
a 7 day old culture plate and transferred in to
sterilized conical flasks containing 150 ml of medium.
The inoculated flasks were incubated 23°C in culture
room conditions. After 3 weeks the fresh and dry
weights of the mycelium produced per flask was
determined.

Screening of Extracellular Taxol Production
in Two Different Liquid Media and Different
Days Of Incubation

Growth of the fungi in liquid media
The fungus was grown in 250 ml Erlenmeyer

flasks containing 150 ml of Potato Dextrose Broth
and MID medium supplemented with 1 g soytone
1− 1 (Strobel et al., 1996 a&b). The cultures were
incubated for 5, 10, 15, 20 and 25 days.

Extraction of Taxol
The extraction procedure followed was that of

Strobel et al., (1996 a). After the incubation period,
the cultures were filtered through four layers of
cheesecloth to remove mycelia. To the culture filtrate
0.25 g NaCO3 was added with frequent shaking in
order to reduce the amount of fatty acids that may
contaminate taxol in the culture. Then the culture
filtrate was extracted with two equal volumes of
solvent dichloromethane. The organic phase was

collected and the solvent was then removed by
evaporation under reduced pressure at 35°C using
rotary vacuum evaporator. The dry solid residue was
redissolved in methanol for the subsequent separation
and the crude extracts were analyzed by
chromatographic separation and spectroscopic
methods.

Thin Layer Chromatography (TLC)

TLC analysis was carried out on Merck 1 mm
(20 × 20 cm) silica gel precoated plates. The plates
were developed by the solvent system reported by
Strobel et al., (1996). The taxol was detected with 1%
vanillin sulfuric acid (w/v) and heating. It appears as
a bluish spot that faded to dark grey after 24 hours.
Then the area of the plate containing putative taxol
was carefully removed by scraping off the silica at
the appropriate Rf and eluted with acetonitrile.

High performance thin layer chromatography
(HPTLC)

The partially purified fungal taxol samples
obtained through TLC were further subjected to
HPTLC (CAMAG-Planer HPTLC, Anchrom). The TLC
plate containing fungal taxol was scanned using TLC
scanner 3 with winCATS software. Documentation of
the TLC plate was performed under a software (254
nm) UV lamp. The presence of taxol was visualized
by spraying with 1% vanillin sulfuric acid (w/v) and
heating gently for 2 minutes. The presence of taxol
was identified  by comparison with authentic taxol.
The peak area and peak height of the authentic taxol
and fungal taxol were evaluated and they had similar
Rf values with that of authentic taxol.

Ultra Violet (UV) spectroscopic analyses

After chromatography, the area of the TLC
plate containing putative taxol was carefully removed
by scrapping off the silica at the appropriate Rf and
exhaustively eluting it with methanol. The purified
sample of taxol was analysed by UV absorption, dissolved
in 100% methanol at 235 nm (Wani et al., 1971) in a
Beckman DU-40 Spectrophotometer and compared with
authentic taxol (Paclitaxel - SIGMA Grade).

Infra-Red spectroscopic analyses

The IR spectra of the compound were recorded
on Shimadzu FT IR 8000 series instrument. The
purified Taxol was ground with IR grade potassium
bromide (KBr) (1:10) pressed in to discs under
vacuum using spectra lab Pelletiser and compared
with authentic Taxol. The IR spectrum was recorded
in the region between 4000 − 500 cm− 1.
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Results
The fungus was grown in 250 ml Erlenmeyer

flasks containing 150 ml of Potato Dextrose Broth
and MID medium supplemented with 1 g soytone
1− 1 (Strobel et al., 1993).

Effect of different days of incubation period
on the growth of B. theobromae

The cultures were incubated in different day’s
i.e. 5, 10, 15, 20 and 25. The culture was harvested
through filtration using what man No: 1 filter paper
at different day incubation. Then the fresh weight
and dry weight of the mycelium produced per flask
was determined. The growth of B. theobromae was
higher in 20th day both in PDB and MID medium
20.32 mg of fresh weight and 1.22 mg of dry weight.
There was no growth difference in 20th and 25th days
both of PDB and MID medium (Fig. 1).

Effect of pH on growth of the fungus

The effect of different pH on the growth B.
theobromae was investigated. The results of pH
experiments showed that the fungus grows well in
the pH 6.0 and 7.0 with the fresh weight of 19 mg
in PDB and MID medium. At pH 4.0, 5.0 the fungus

showed low growth according to the fresh weight and
dry weight analysis (Fig. 2).

Effect of Temperature on growth of the fungus

The effect of temperature on growth of B.
theobromae at 4, 10, 25 and 30°C was investigated
by inoculating a 3-mm disc of mycelium in to 150 ml

Fig. 1: Biomass estimation at different
incubation period

Fig. 2: Effect of pH on the growth of fungus

Fig. 3: Effect of Temperature on the growth of

46 Indian Journal of Applied Microbiology Vol. 8 No. 1



of the Potato dextrose broth and MID medium. The
results showed higher growth in culture room
condition (25°C). The fresh weight and dry weight of
the fungus at different temperature are shown in Fig.
3. There was no growth observed in cold room
temperature 4°C.

Effect of different carbon sources on growth
of the fungus

The effect of different carbon sources on the
growth of B. theobromae was investigated in two
liquid media namely PDB and MID medium. In PDB
medium amended in dextrose, higher growth was
observed. Low growth was observed in lactose
amended medium. In MID medium amended with
sucrose, higher growth was observed. Low growth
was observed in maltose amended medium (Fig. 4).

Extraction of Taxol from the test fungus

The test fungus B. theobromae grown in two
media was screened for the production of taxol and
processed as described by Strobel et al. (1996 a & b).
The culture filtrate was harvested and extracted with
methylene chloride. The extract of fungal culture was
examined for the presence of taxol by
chromatographic and spectroscopic analyses.

High performance thin layer chromatography
(HPTLC)

The fungal extracts were subjected to HPTLC
(CAMAG-Planer HPTLC, Anchrom). The TLC plate
containing fungal taxol was scanned using TLC
scanner 3 with winCATS software. Documentation of
the TLC plate was performed under a shortwave

(254 nm) UV lamp. The presence of taxol was
visualized by spraying with 1% vanillin sulfuric acid
(w/v) and heating gently for 2 minutes. The presence
of taxol  in the fungal extract was confirmed by the
appearance of a bluish spot fading to dark gray after
24 hours. Further the presence of taxol was identified
by comparison with authentic taxol (Fig. 5a). The
peak area and peak height of the authentic taxol and
fungal taxol were evaluated. The fungal samples
harvested at 20th and 25th days in both MID and
PDB media, had Rf values identical to that of
authentic taxol (Fig. 5b-c). The fungal samples
extracted from the test fungus B. theobromae
harvested 5th, 10th and 15th days showed negative
results and they had no peaks similar to that of
authentic taxol (Fig. 5d-e).

Fig. 4: Effect of different carbon sources
on the growth of fungus

Fig. 5(a): High performance thin layer
chromatogram (HPTLC) of Authentic Taxol

Fig. 5(b): HPTLC of Fungal Taxol isolated
from B. theobromae Pat. in MID medium
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Ultra Violet (UV) Spectroscopy

The presence of taxol in the fungal extract was
further confirmed by UV spectroscopy. After chro-
matographic separation, the area of the TLC plate
containing putative taxol was carefully removed by
scrapping off the silica at the appropriate Rf value
and exhaustively eluting it with methanol. The UV
spectral analysis of the fungal extracts isolated from
two media were examined with a Beckman DU-50
spectrophotometer and the spectra were superimposed
on that of authentic taxol at 235 nm (Fig. 6a-e).

Infra Red (IR) Spectroscopy
The appearances of bands in IR spectra

convincingly illustrate the identical feature of the
extracted samples with the authentic taxol. A broad
peak in the range of 3341 − 3447 cm− 1, which was
due to hydroxyl (− OH) and amide (− NH) groups
stretch. The aromatic ring (C = C stretching frequency

Fig. 5(c): HPTLC of Fungal Taxol isolated
from B. theobromae Pat. in PDB medium

Fig. 5(c): HPTLC of Fungal Taxol isolated
from B. theobromae Pat. in PDB medium

Fig. 5(e): HPTLC of Fungal Taxol isolated
from B.

Fig. 6(a): Ultra Violet absorption spectrum of
Authentic taxol
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Fig. 6(b): UV spectrum of fungal taxol
isolated from B. theobromae in MID medium in

Fig. 6(c): UV spectrum of fungal taxol isolated
from B. theobromae in MID medium in 25th day

Fig. 6(d): UV spectrum of fungal taxol
isolated from B. theobromae in PDB medium in

20th day

Fig. 6(e): UV spectrum of fungal taxol
isolated from B. theobromae in PDB medium

in 25th day
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was observed in the range of 1590 − 1735 cm− 1. The
registration of peak observed in the range of
1040 − 1120 cm− 1 is due to the presence of aromatic

C, H bends. The IR spectra of the fungal samples
extracted from the two media were superimposed on
the spectrum of authentic taxol (Fig. 7a-e).

Fig. 7(a): Infra Red (IR) spectrum of Authentic Taxol
Fig. 7(b): IR spectrum of fungal taxol isolated from B. theobromae in MID medium in 20th day
Fig. 7(c): IR spectrum of fungal taxol isolated from B. theobromae in MID medium in 25th day
Fig. 7(d): IR spectrum of fungal taxol isolated from B. theobromae in PDB medium in 20th day
Fig. 7(e): IR spectrum of fungal taxol isolated from B. theobromae in PDB medium in 25th day
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Discussion

The endophytic fungus has pharmacological
significance, as it represents a rich source of
secondary metabolites with biological activity (Nobel
et al., 1991; Bills et al., 1993; Chu et al., 1994;
Schwartz et al., 1994; Strobel, 2003). The present
study was carried our to study the effect of different
days of incubation, different temperature, different
pH, different media and different carbon sources on
the growth of the test fungus Botryodiplodia
theobromae. The extracellular production of
biologically active secondary metabolite Taxol, an
anticancer drug in two different liquid media was also
studied.

The growth of the test fungus in different days
of incubation period shows higher in 20th day both
in PDB and MID medium. There was no growth
difference in 20th and 25th days both of PDB and
MID medium. The effect of temperature on growth of
B. theobromae showed higher growth in culture room
condition (25°C) when compared to other
temperatures. There was no growth observed in cold
room temperature (4°C) (Fig. 1 & 2).

Curran (1980) reported the growth responses of
Alternaria sp., Cladosporium herbarum,
Dendryphiella salina, Monodictys pelagica,
Strachybotrys altra and Zalerion maritimum to
temperature, pH, light and dark. Temperature
optimum range was generally from 20 − 30°C; a
slightly acid medium enhanced growth; with the
exception of M. pelagia which grew better in light
and S. atra which grew better in dark, there was
little difference between the growths of the fungi in
light and dark.

Arumugam et al., (2005) reported that B.
theobromae was found to show changes in its growth
influenced by different photoperiod and media. The
predicted photoperiod and media for a particular
isolate could warrant better growth so that the
ultimate usage of harvesting their valuable
metabolites containing such as anticancer Taxol and
other antimicrobial compounds either from their
exocellular or from their cellular fractions.

The growth of B. theobromae was investigated
in different pH and the results show that the fungus
grows well in the pH 7 and 6 (Fig. 3). Jones and
Irvine (1972), when investigating the effect of pH on
protein production by marine fungi found that all the
fungi tested (including D. salina and C. herbarum)
exhibited a double pH peak with a maximum protein
yield in the acid range (pH 6.0-0.6).

Sguros et al., (1963) reported the effect of
initial pH (7-8.6) on mycelial yields of four marine

fungi at various concentrations of tris
(hydroxymethyl) amino methane (THAM) in media
containing 2.0 and 2.5 g/liter of glucose and
NH4NO3 respectively and 0.5 g/liter yeast extract;
they found that all fungi tested grew best in the
marine pH (7.5-8.2) range when THAM was held
below 30 nM; maxima shifted to the acid side of the
pH range.

The growth of B. theobromae in different
carbon sources was investigated in two different
liquid media namely PDB and MID medium. In PDB
media higher growth was observed in dextrose
amended medium when compared to others. The low
growth was observed in lactose amended medium. In
MID medium higher growth was observed in sucrose
amended medium. In MID medium higher growth
was observed in sucrose amended medium when
compared to other carbon sources. Low growth was
observed in maltose amended medium (Fig. 4).

Limited studies on carbon nutrition of aquatic
hyphomycetes are available (Gulis and Suberkropp,
2003, 2004). Carbon nutrition of aquatic fungi,
especially on waterborne conidial fungi, is still an
area that requires investigation.

Sati and Bisht (2006) studied the utilization of
various carbon sources for the growth of waterborne
conidial fungi and reported out of eight carbon
sources; glucose supported maximum growth of
Pestalotiopsis submersus and Felagellospora
pencillioides. The remaining fungal isolates also
showed comparatively higher growth.

Physiological studies were done in B.
theobromae, which is a causal agent of dieback
disease of mango (Shelar et al., 1998). The growth on
Richard’s agar was observed at 25° (21 − 30°C). There
was no growth at 0°C, 5°C, 10°C and 40°C. Among
the carbon sources tested, sucrose and glucose
significantly enhanced growth of B. theobromae, in
comparison with maltose, lactose and mannitol.

Thornton (1963) also recorded that fructose;
xylose and starch are good sources of carbon for some
species of aquatic hyphomycetes. He concluded that
starch could be an alternative source of carbon for
these fungi. Mer (1982), while studying the carbon
requirements of zoosporic fungi (watermolds), found
that dextrin is a good source for the growth of
Leptolegnia caudate and Saprolegnia subterranea.
Lactose was found to promote moderate growth of P.
submerses and F. penicillioides.

Using HPTLC, the presence of taxol was
visualized by spraying with 1% vanillin sulfuric acid
(w/v) and heating gently for 2 minutes. The presence
of taxol was identified by comparison with authentic
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taxol. The peak area and peak height of the authentic
taxol and fungal taxol were evaluated and they had
Rf values to that of authentic taxol (Fig. 5a-e). Taxol
was detected using a spray reagent consisting of 1%
vanillin (w/v) in sulfuric acid after gentle heating
(Cardellina, 1991). The presence of Taxol in the
fungal extract was confirmed by the appearance of a
bluish spot fading to dark gray after 24 hours. The
discovery of Taxomyces andreanae was the first
demonstration that any organism other than Taxus
spp. could produce taxol. However, the yields of taxol
and taxanes have been low. Taxol is positively
identified via its co-chromatographic mobilities with
authentic taxol in a multitude of thin layer
chromatographic systems (Stierle et al., 1993).

Strobel et al., (1996b) isolated number of fungal
endophytes including Pestalotia, Pestalotiopsis,
Fusarium, Alternaria, Pithomyces and Monocheatia
from stem and phloem of Taxus sp. The production
of Taxol was confirmed by different analytical and
immune assay methods.

Analytical methods acts as an important tool
in the confirmation/identification of the bioactive
compound Taxol along with the authentic Taxol with
the application of chromatographic and spectroscopic
techniques (Cardellina, 1991; Willey et al., 1993). An
immunoassay-monoclonal antibody test was also
applied for identification and quantification of
Paclitaxel (Grothaus et al., 1993; Leu et al.,  1993;
Li et al., 1996; Li et al., 1998; Sambaiah et al., 2002).

Caruso et al., (2000) detected Taxol production
in 15 out of 150 fungal strains isolated as endophytes
from the internal tissues of woody branches, shoots
and leaves of different plants belonging to the genus
Taxus. The endophytes include Alternaria spp.,
Aspergillus sp., Beauveria sp. Epicoccum sp.,
Phomopsis sp. and five different sterile mycelial
forms were isolated. The production of taxanes in few
cases reached 50-100 ng/L.

The endophytes can produce the same rare and
important bioactive compounds as their host plants;
this would not only reduce the need to harvest
slow-growing and possibly rare plants but also help
to preserve the world’s ever-diminishing biodiversity.
Furthermore, it is recognized that a microbial source
of a high value product may be easier and more
economical to produce effectively, there by reducing
its market price.
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