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Abstract Podophyllotoxin, a well-known naturally
occurring aryltetralin lignan occurs in few plant species
that is used as a precursor for the chemical synthesis of the
anticancer drugs like etoposide, teniposide and etopophose
phosphate. The availiability of this lignan is becoming
increasingly limited because of the scarce occurance of its
natural sources and also because synthetic approaches for
its production are still commercially unacceptable. This
paper reports first time the production of podophyllotoxin
by an endophytic fungus Fusarium oxysporum isolated
from the medicinal plant Juniperus recurva. Further con-
firmation and quantification of podophyllotoxin was
performed by HPLC, LC-MS, and LC-MS/MS.

Keywords Juniperus recurva - Fusarium oxysporum -
Endophyte - Aryltetralin lignan - Podophyllotoxin

Introduction

In recent years there has been renewed interest in natural
medicines that are obtained from plants and microbial
sources. With its varied climatic zones, India has a rich
diversity of medicinal herbs. The forest harbours a large
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number of plant species, but over-exploitation has been
responsible for the rapid loss of medicinal plant wealth,
such that many valuable medicinal plants are under the
threat of extinction.

One such plant that is already marked in red list of
threatened species by International union for conservation of
Nature and Natural resources is Juniperus recurva. In India it
grows in Assam, Himachal-Pradesh, Jammu and Kashmir,
Sikkim and Uttar-Pradesh. Juniperus recurva (Drooping
juniper) is a juniper native to the Himalaya, from northern
Pakistan east to western Yunnan in southwestern china. Ju-
niperus belongs to family cupressaceae and it grows at an
altitude of approximately 3,000—4,000 m. Besides, essential
oils Juniperus is also source of podophyllotoxin. Podophyl-
lotoxin, a bioactive lignan is a valuable natural product as a
precursor to three anticancer drugs etoposide, tenopside and
etopophose phosphate (Schacter 1996). Podophyllotoxin has
also been reported in other plant genera, such as Linum,
Juniperus, Hyptis, Teuricum, Nepata, Dysosma, Jeffersonia,
Thymus and Thuja, (Kupchan et al. 1965; San Feliciano et al.
1989a, b; Broomhead and Dewick 1990a, b; Yu et al. 1991;
Kuhnt et al. 1994; Konuklugil 1996a, b; Muranaka et al.
1998; Bedir et al. 2001). Literature survey on podophyllo-
toxin revealed that the molecule occupies an important
position among the plant based anti-cancer drugs, (Imbert
1998; Utsugi et al. 1996; Subrahmanyam et al. 1998; Sch-
acter 1996; Farkya et al. 2004; Germaine et al. 2004;
Kupchan et al. 1965; San Feliciano et al. 1989a, b; Broom-
head and Dewick 1990a, b; Yuet al. 1991; Kuhnt et al. 1994;
Konuklugil 1996a, b; Muranaka et al. 1998; Bedir et al.
2001). There are several constraints in meeting the demand
of bioactive lignan because (i) its chemical synthesis is not
commercially feasible due to the presence of four chiral
centres along with a y lactone and high degree of oxygenation
(Dayamanti and Lawn 1998; Berkovitz et al. 2000) and (ii)
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difficulties in approaching towards good yield through bio-
technological aspects (Berlin et al. 1988; Empt et al. 2001;
Giri and Narasu 2000; Peterson and Alferman 2001).

In search for an alternative source for the production of
aryl tetralin lignan, associated endophytes from this plant
have been isolated and studied. Recently podophyllotoxin
has been reported to be produced by endophytes from
Podophyllum hexandrum (Puri et al. 2005) and Podophyl-
lum peltatum (Eyberger et al. 2000).

In the present study, we report the isolation of endo-
phytic fungal strain Fusarium oxysporum from Juniperus
recurva growing in the Kashmir region of India, which
produces podophyllotoxin. This study deals with the stan-
dardization of growth parameters of the isolated fungus and
the chemo-profiling of its secondary metabolite using
chromatographic and spectroscopic methods. Spectral data,
obtained using HPLC, LC-MS and LC-MS/MS of the
secondary metabolite was found to be identical to that of
the authentic podophyllotoxin.

Material and methods
Collection of plant material

After plant selection, disease free parts of the plant i.e.
stem, root, leaves were cut with the help of sterile scalpel
and placed in sterile plastic bags to store the material at
4°C until isolation procedure was started.

Isolation of endophytic organism

Plant material was collected from fully matured Juniperus
recurva Buch.-Ham. Ex D.Don var. recurva, growing at an
altitude of 2,200 m in Gulmarg region of South Kashmir. Its
endophyte was isolated using a modified method described
by Schulz et al. (Arnold et al. 2000). The material was
thoroughly washed using distilled water and followed by
70% ethanol for 1-2 min and 5% sodium hypochlorite for
5 min to accomplish surface sterilization. Plant material
was subsequently rinsed in sterile demineralized water.
Small pieces of inner tissues and needles were placed on
aqueous agar (distilled water, 1.5% agar-agar) supple-
mented with antibiotic streptomycin (3 mg/100 ml) in
petriplates (Tarsons, Kolkata, India) and incubated at
28 &£ 2°C until the fungal growth was initiated. The tips of
the fungal hyphae were then removed from aqueous agar
and placed on mycological medium i.e. potato dextrose agar
(diced potatoes, 300 g/l; dextrose, 20 g/l; agar, 20 g/l) or
sabouraud agar (dextrose 40 g/l; peptone, 10 g/1; agar, 20 g/
1). The pure culture obtained were transferred to a number
of solid and liquid media that support fungal growth viz
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potato dextrose agar (diced potatoes, 300 g/l; dextrose,
20 g/l; agar, 20 g/1) malt extract agar (malt extract, 30 g/l;
peptone, 5 g/l; agar, 20 g/l) or sabouraud agar (dextrose
40 g/l; peptone, 10 g/l; agar20 g/l) PYD (peptone, 2 g/l;
yeast extract, 2 g/l; dextrose, 5 g/l; agar, 20 g/l). Similar
procedure, but without surface sterilization, was used as
negative control to check for contaminated fungi. Each
isolated strain of fungi was grown in liquid sabouraud
medium and screened for podophyllotoxin production.

Identification of endophyte

Microscopic slides were prepared, stained using lactophenol
cotton blue (Vainio et al. 1998) and were examined under
light microscope (Olympus, USA). The total genomic fungal
DNA was extracted by CTAB method (Cappiccino and
Sherman 1996). For DNA extraction, JREl was grown in
100 ml of Sabouraud Dextrose broth at 28°C with constant
shaking for three days. About 100 mg of mycelial biomass
was taken, washed with sterile Tris-EDTA buffer, followed
by the addition of 6 ml of CTAB extraction buffer and 60 pl
of fp-mercaptoethanol. After vortexing, the contents were
incubated at 65°C for 45 min and finally cooled to the room
temperature. This was followed by extraction with equal
volume of chloroform and centrifugation at 10,000g for
10 min. Equal volume of isopropanol was added to the
supernatant and mixed gently. The DNA pellet was washed
with ice cold 70% (v/v) ethanol and vacuum dried and dis-
solved in 100 pl of TE (pH 8.0). The endophytic fungus was
identified by amplifying 18S, 5.8S and 28S ribosomal region
of isolated DNA using primers 5 TCCGTAGGTGAA
CCTGCGG 3’ and 5 TCCTCCGCTTATTGATATGC 3.
The amplified products were purified using Microcon col-
umns (Millipore, USA), and sequenced using ABI Prism 310
genetic analyzer (ABI, USA) as per the manufacturer’s
instructions. The DNA sequence of 497 bases thus obtained
was checked for its homology by BLASTN program (Altsc-
hul et al. 1997). The ribosomal gene database (http://www.
rdp.cme.msu.edu) and (http://www.ncbi.nim.nih.gov) were
accessed and sequence alignment was used as an underlying
basis to identify the fungus. The DNA sequence has been
submitted to the Gene Bank under the accession no
EF591767. The fungal strain JRE1 has been deposited to
Microbial Type Culture Collection (MTCC) at Institute of
Microbial Technology, Chandigarh, India (accession no. yet
to be assigned).

Growth of organism

The endophytic fungus (JRE1) was grown in sabouraud
broth consisting of dextrose, 40 g/l; peptone, 10 g/l. Agar
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blocks containing fungal mycelium were used as inocu-
lums. The endophyte was grown in 500 ml Erlenmeyer
flask containing 100 ml liquid broth (pH 5.6) for a period
of 7 days at 28 £ 2°C at 220 rpm on an incubatory shaker
(New brunswicks, USA). The samples were collected at
24 h intervals for 7 days. Mycelia and broth were separated
by filteration. The experiments were performed in tripli-
cates and were repeated five times.

Extraction and podophyllotoxin measurements

Mycelia were thoroughly washed with sterile distilled
water and homogenized in cell disintegrator. Cell homog-
enates were extracted four times with chloroform:
methanol (4:1 v/v). Solvent was stripped off in a rotary
evaporator leaving behind the organic residue. The identity
of podophyllotoxin was confirmed by TLC, HPLC, LC-
MS, LC-MS/MS.

Thin layer chromatographic analysis

TLC analysis was carried out using silica gel plates (Merck
0.25 mm) of 1 mm (20 x 20 cm) size, run in a (25:1 v/v)
chloroform: methanol solvent system. The spots were
detected under UV (254 nm) light. Standard podophyllo-
toxin was also run along with the samples. Podophyllotoxin
exhibited Rf values of 0.2.

Experimental solvents

All the solvents used in the study were of HPLC grade.
Methanol (Rankem) was purchased from Ranbaxy Chem-
icals Ltd. (India) and water was prepared with a Milli-Q
water purification system. Standard podophyllotoxin was
purchased from Sigma Aldrich-Bangalore (India).

Stock solution of (1 mg/ml) reference compound was
prepared in HPLC grade methanol and stored in a refrig-
erator at 4°C. From the stock solution, working solutions
for podophyllotoxin was prepared as desired.

Instruments

The HPLC system consisted of an Agilent series 1100
instrument equipped with a binary pump, an autosampler,
an automatic electronic degasser, an automatic thermo-
static column oven, a diode array detector, and a computer
with Chemstation software for data analysis. HPLC was
used in combination with a Quadrupole Ion Trap Mass
Spectrometer (Esquire 3000) from Bruker, Bremen

(Germany) equipped with an Atmospheric Pressure Ioni-
zation (API) electrospray interface. High purity nitrogen
from a nitrogen generator was used as a carrier gas.

High Performance Liquid chromatographic analysis

HPLC separations were achieved using RP-18, Merck
(4.6 x 250 mm) 5 pm column. The mobile phase was set
as methanol: water, 65:35 and separation was carried out at
a flow rate of 0.6 ml/min over a period of 60 min and then
set at 35:65 up to 70 min. The compounds were detected
using a UV detector at A max of 290 nm.

LC-MS analysis

Good results were obtained in the positive mode ES-MS.
The compound exhibited identical positive ion mass
spectra at m/z 437 [M + Na] + along with some of the
diagnostic fragments attributable to the parent compound.

Result and discussion
Isolation of endophyte

Juniperus recurva was chosen as a source plant for isola-
tion of endophyte. The plant parts were cut into pieces;
surface sterilized and inner tissues were placed on aqueous
agar. The emerging fungal hyphae on day 7 were trans-
ferred to Sabouraud agar medium plates. As a result, seven
pure strains of endophytic fungi were obtained. After
screening these strains for the production of podophyllo-
toxin only one was found positive. This was finally selected
and coded as JREI.

I: _JRET
F.ozxysporum_463
FPusarium_sp._D17

F.oxysporum_D16

F.oxysporum_471

F.oxysporum_D13
Fig. 1 Dendogram showing the phylogenetic position of JREI

generated through the alignment of ribosomal gene sequences by
using Cluste] W
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Fig. 2 (a) Growth profile of
JRE1 (b) Production profile of
podophyllotoxin by JREI

Fig. 3 Identification of
podophyllotoxin using HPLC:
(a) HPLC of authentic
compound, (b) HPLC of JRE1
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Fig. 4 ESI-MS spectrum of (a)
authentic podophyllotoxin (b)
fungal podophyllotoxin
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Identification of endophyte

The endophytic fungus JRE1 was investigated on the basis
of morphological characteristics and fungal ribotyping. The
endophyte showed white cottony growth when mycelia
were young and later appeared coloured. Microscopic view
of endophytic hyphae was septate and hyaline. The align-
ment of IDNA sequence obtained from JRE1 showed 98%
homology with the corresponding gene sequences of
F. oxysporum. The taxonomical position has been illus-
trated in Fig. 1.

MWM& " LAL' s

300 400 500 660 760 860 miz

Growth Kkinetics, isolation and identification
of podophyllotoxin

Shake flask experiment with the fungal culture was con-
ducted in order to standardize culture conditions for
optimum growth and production of podophyllotoxin. The
fungal growth period was observed up to 9 days and the
highest mycelial biomass was observed on day 7 (Fig. 2a).
Thin layer chromatography was performed and the spot
identified (Rf 0.2) was collected and extracted with
methanol.
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HPLC analysis followed by LC-MS and MS-MS frag-
mentation  pattern resulted in authentication of
podophyllotoxin. HPLC analysis of fractions collected on
day 4 showed retention time that corresponds to that of
standard podophyllotoxin (Fig. 3). Characteristically,
authentic podophyllotoxin yield an m/z (M + Na) peak at
437 (M + Na), which correspond to fungal podophyllo-
toxin (Fig. 4).

Maximum production of podophyllotoxin was observed
on day 4 (pg/g dry weight of mycelia). The highest yield
fungal cell-associated podophyllotoxin content was found
to be 28 pg/g of dry mass (Fig. 2b) on the day 4. No
podophyllotoxin was observed in uninoculated culture
broth and processed culture broth at 0 h. This eliminated
the possibility that podophyllotoxin had been carried from
the original plant material source of the fungus via the
mycelium (inoculum plugs).

The production of podophyllotoxin by Fusarium oxy-
sporum supports the theory that during the long co
evolution of endophytes and their host plants, endophytes
adapted themselves to their special microenvironments by
genetic variation, including uptake of some plant DNA into
their own genomes (Germaine et al. 2004). This could have
led to the ability of certain endophytes to biosynthesise
some phytochemicals originally associated with the host
plant (Stierle et al. 1993). It is possible to isolate hundreds
of endophytic species from a single plant, and among them,
at least one generally shows host-specificity (Tan and Zou
2001). Previous workers have reported the production of
the antileukemic and antitumor drug taxol from the endo-
phytes of Taxus spp. like Taxomyces andreanae and
Pestalotiopsis microspora (Stierle et al. 1993; Strobel et al.
19964, b).

The results indicate that Fusarium oxysporum can be a
promising candidate for large scale production of podo-
phyllotoxin.  Further optimization of fermentation
conditions and molecular studies of JREI is under way.
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