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Abstract The objective of this study was to isolate
endophytic fungi producing baccatin III from yew for the
purpose of baccatin III and paclitaxel manufacture. Surface
sterilized bark of Taxus wallichiana var. mairei was used
as source material with potato dextrose agar culture med-
ium for isolation of endophytic fungi. Fungal cultures were
extracted with a mixture of chloroform/methanol (1:1, v/v)
and the baccatin III in the extracts was determined and
authenticated with LC-MS. An endophytic fungus that
produced baccatin III was identified by ITS rDNA and 26S
D1/D2 rDNA sequencing. A total of 192 endophytic fungal
strains were isolated from 7. wallichiana var. mairei. Only
one of the 192 strains produced baccatin III and it
was identified as Diaporthe phaseolorum. The productivity
of this strain cultured in PDA culture medium was
0.219 mg/l. The isolated endophytic fungus produced
baccatin III at a relatively high level and shows promise as
a producing strain for baccatin III and paclitaxel manu-
facture after strain improvement.

Keywords Baccatin III - Endophytic fungus -
Diaporthe phaseolorum - Taxus wallichiana var.
mairei

Electronic supplementary material The online version of this
article (doi:10.1007/s10295-013-1320-4) contains supplementary
material, which is available to authorized users.

J. Zaiyou (D<) - M. Li - X. Guifang - Z. Xiuren

Henan Institute of Science and Technology, Hualan road,
Xinxiang, Henan, China

e-mail: jian19732004 @126.com

Introduction

Paclitaxel has high activity as an anticancer agent and is
widely used in hospitals and clinics. Paclitaxel is a nat-
urally occurring chemical component that was first iden-
tified from the bark of yew trees, but is present at low
levels [21]. In recent years, stands of yew trees have been
destroyed or seriously damaged by harvesting to extract
paclitaxel. In addition to the yew trees themselves, some
fungi endophytic to yew have been found to produce
paclitaxel [1, 2, 5, 10, 11, 16-18, 22], but the levels of
production are too low to be useful for commercialization.
Baccatin III, 10-deacetyl baccatin III, and related com-
pounds are the precursors of paclitaxel in paclitaxel
synthesis. The procedure to synthesize paclitaxel artifi-
cially from baccatin III is relatively straightforward
(transfer an aminophenylpropanoyl group to C-13 of
baccatin III by an O-(3-amino-3-phenylpropanoyl) trans-
ferase and then benzamidate and hydroxylate C-2" of the
side chain with N-debenzoylpaclitaxel N-benzoyltransfer-
ase and a taxoid side chain hydroxylase) [3, 4, 6, 8, 19].
In addition to paclitaxel, baccatin III is also present in
yew, but again at very low levels. While there are
numerous reports of endophytic fungi that produce pac-
litaxel, only a few endophytic fungi producing baccatin
IIT have been found [7, 20]. To find endophytic fungi that
can produce baccatin III, we isolated a large number of
endophytic fungal strains from Taxus wallichiana var.
mairei (Lemée et H. Lév.) L. K. Fu et Nan Li distributing
in Taihang Mountain in Henan Province of China. Among
these endophytic fungal strains, one strain that can pro-
duce baccatin III was isolated and production was
authenticated with LC-MS. This discovery is potentially
very significant for paclitaxel manufacture and environ-
mental protection of yew trees.
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Materials and methods
Materials
Instruments

Instruments used were HPLC instrument, Shimadzu
GC-2010, LCQ Advantage LC-MS, Lectronic analytic
balance (precision: 0.0001), Ultrasonator, Rotary evapo-
rator, Superclean bench and Shake culture box.

Reagents

Reagents used were methanol (AR), ethanol (AR), aceto-
nitrile (HPLC grade), potato dextrose agar (PDA) culture
medium (prepared by us at that time), potato dextrose broth
(PDB) culture medium (prepared by us at that time).
Standard baccatin III (99.5 %) was purchased from Sigma-
Aldrich (St. Louis, MO, USA.).

Materials

Fresh bark was collected from branches of Taxus. walli-
chiana var. mairei (Lemée and H. Léveillé) L. K. Fu and
Nan Li, trees growing in the Taihang mountains, Henan
province, China in August, 2011. The branches were
2-10 cm in diameter.

Isolation of endophytic fungus

The outer layer of fresh bark was removed with a sharp
blade and then the bark was surface sterilized with 75 %
(v/v) ethanol for 2 min, followed by a 0.1 % mercuric
chloride solution for 8 min in super-clean bench. The
surface-sterilized bark was washed three times with ster-
ilized water for 1 min each and then cut into pieces
(approximately 5 x 5 cm) with the aid of a flame-steril-
ized blade. Each piece was placed in a Petri dishes (8 cm in
diameter) containing sterilized potato dextrose agar (PDA)
culture medium for incubation at 21-22 °C for 4-6 days.
The three blank cultures (uninoculated sterile medium)
were taken as control. Hyphal tips of endophytic fungi that
grew out from the bark were isolated with a flame-steril-
ized inoculating blade and sub-cultured on PDA plates to
obtain isolated colonies. Each fungal culture was checked
for purity.

Screening of endophytic fungi producing baccatin III
Submerged fermentation of endophytic fungi

Three to four agar plugs (approximately 4 mm in diameter)
containing mycelia were inoculated into 250-ml culture
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flasks containing 100 ml of potato dextrose broth (PDB)
with incubation at 120 rpm and 21-22 °C for 4 days, and
then subcultured (5 ml of fungal liquid culture into a
250-ml culture flask containing 100 ml of PDB) with
incubation at 120 rpm and 21-22 °C for 8 days. Three
blank cultures (uninoculated sterile medium) were taken as
control.

Preparation of extract

Fungal cultures were filtered with filter paper and the
mycelia were ground in a mortar with quartz sand. The
ground mycelia were dried at 45 °C, weighed, and then
extracted with 30 ml of chloroform/methanol (1:1, v/v) in an
ultrasonic bath for 30 min. The extraction was repeated (the
mixture was filtered and the residue was extracted once
again) and the pooled filtrates were evaporated to dryness
under reduced pressure at 40 °C in a rotary vacuum evap-
orator. The dry residue was dissolved in 30 ml chloroform
and then back-extracted with 30 ml of water. The organic
phase was collected, evaporated to dryness at 40 °C in a
rotary vacuum evaporator, and the dry residue was dissolved
in 5 ml of methanol and filtered with a 0.45-pum filter. This
filtrate was referred to as mycelial extract.

Filtered spent culture medium was evaporated to dry-
ness under reduced pressure at 70 °C in a rotary vacuum
evaporator and then was extracted using the same method
described for ground mycelia. This filtrate was referred to
as spent medium extract.

Filtered spent culture medium from yet another culture
flask was evaporated to dryness under reduced pressure at
70 °C using a rotary vacuum evaporator and then was
mixed with dried ground mycelia from the same culture
flask and the mixture was extracted using the same method
described for ground mycelia. This filtrate was referred to
as whole culture extract.

Determination of baccatin II1

Fungal baccatin III in the extracts was determined with
high-performance liquid chromatography (HPLC). The
HPLC column used was a Shimadzu C,g reverse-phase
column (5 pm, 250 x 4.6 mm). The volume of extract
injected was 10 pl, and then elution was performed with a
gradient mobile phase consisting of acetonitrile and water.
The content of acetonitrile in the gradient mobile phase
varies as below (v/v): from 27 to 30 % in 0-15 min, 30 to
37 % in 15-30 min, 37 to 42 % in 3040 min, 42 to 47 %
in 40—60 min, and 47 to 48 % in 60—68 min. The flow rate
was | ml/min at a temperature of 35 °C. A variable
wavelength recorder set at 228 nm was used to detect
ingredients eluted from the column. Standard baccatin III
solutions were prepared at 0.0005, 0.001, 0.004, 0.01, 0.02,
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and 0.05 mg/ml, respectively, analyzed according to the
above HPLC method and peak areas of baccatin III were
used to prepare a standard curve relating peak area of
baccatin III to its content, using SPSS (Statistical Product
and Service Solutions, Chicago, IL, USA). The content of
fungal baccatin III in extracts was computed according to
chromatogram peak areas using the standard curve.

Spectroscopic analysis of extracts

Collected fungal baccatin III samples from HPLC column
during the retention time (begin at 32.5 min and end at
33.5 min). Electrospray ionization-tandem mass spec-
trometry (ESI-MS/MS) analysis was conducted on fungal
baccatin III samples. ESI was used as the ion source, with
scanning in the negative ion mode. The range of molecular
weights scanned was 50-2,000 amu. The sample was
injected with a 0.2 pl/min spray flow and a spray voltage of
5.0 kV using N, as the atomization gas and auxiliary gas.
The temperature of the capillary cone was 350 °C.

Identification of endophytic fungi

The identification of the baccatin III producing endophytic
fungus was done by Taihegene Biotechnology Co. Ltd

Fig. 1 HPLC of baccatin III [EIEUT

using 26S rDNA D1/D2 sequence PCR and ITS Sequence
PCR.

Results

Altogether, 192 endophytic fungal strains were isolated
from T. wallichiana var. mairei. The retention time of a peak
seen in the chromatograms of spent culture medium extracts
prepared from isolate no. 79 was identical with that of
standard baccatin III (Fig. 1). No peak was found at that
retention time in the chromatograms of spent culture med-
ium extracts from any of the other 191 strains or from any
blank culture samples. Electrospray ionization-tandem mass
spectrometry (ESI-MS/MS) analysis was then carried out on
a presumptive baccatin III sample prepared from fungal
isolate no. 79. In the mass spectrum of the fungal baccatin III
sample, there are molecules or ions with the same molecular
weight (or W + H) as that of molecules or ions in the mass
spectrum of baccatin III standard. The mass spectrometry
analysis of the fungal baccatin III sample confirmed that
there is baccatin III in the spent PDB culture fluid of isolate
no. 79 (Fig. 2). The baccatin III concentrations detected in
extracts of the whole culture, the mycelium, and the spent
culture medium from isolate no. 79 were 0.00438 mg/ml,
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0.00071 mg/ml, and 0.00386 mg/ml according to the stan-
dard curve (Table 1). Therefore, the baccatin III content of
whole PDB culture and of spent culture medium from isolate
no. 79 is 0.219 mg/l and 0.193 mg/l, respectively. The
baccatin III content of dry mycelium is 0.014 mg/g.

The similarity between 26S D1/D2 rDNA sequence
(accession numbers: KF459961) of isolate no. 79 and that
of Diaporthe was higher than that between it and any other
genus, at 99-100 %. The similarity between the ITS rDNA
sequence (accession numbers: KF459962) of isolate no. 79
and that of D. phaseolorum was also higher than that
between it and any other species, at 99 %. Therefore,

isolate no. 79 was identified as D. phaseolorum (Cooke and
Ellis) Sacc. D. phaseolorum grew well on PDA at
21-22 °C producing thin white hyphae and forming a
radial fungal colony that clung firmly to the medium.

Discussion

The isolation of an endophytic fungus producing baccatin
IIT is very significant to paclitaxel manufacture and
resource protection of Taxus. There are only a few reports
of the isolation of endophytic fungi producing baccatin III

Fig. 2 MS spectra of baccatin
III standard (a) and baccatin III
in extraction from mixture of
mycelia and spent culture
medium (b)
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Table 1 Standard baccatin III curve and the content of fungal
baccatin III

Sample Retention  Content Peak area
time (min) (mg/l)
Standard 32.861 0.0005 11,766
R =0.999 0.001 27,748
0.004 122,540
0.01 261,996
0.02 581,179
0.05 1,461,443
Mixture of mycelia and spent 32.865 0.218907 139,271
culture medium
Dry mycelia 32.868 0.014148 16,913
(mg/g)
Spent culture medium 32.857 0.192739 121,826

from yew, and the content of baccatin III in these isolates
was low for immediate commercialization [7, 20]. Addi-
tionally, it has been reported that E. coli, producing
endogenous acetyl-CoA and overexpressing recombinant
acetyltransferase, can convert exogenously supplied
10-deacetyl baccatin III to baccatin III, but the content of
baccatin III was not determined [13]. The endophytic
fungus described in this study was isolated from 7. walli-
chiana var. mairei found in the Taihang Mountains in
Henan Province of China, and its product, baccatin III, was
determined and authenticated with LC-MS. Although the
baccatin III yield of our endophytic fungus is lower than
that of cell suspension cultures of Taxus wallichiana as
reported by Navia-Osorio et al. [14], its isolation increases
the number of known species of endophytic fungi pro-
ducing medicinal secondary metabolites. There are many
species of endophytic fungi in yew, and they produce many
kinds of chemical components, including paclitaxel and
10-deacetyl baccatin III, reported to be produced at a low
level by the endophytic fungus Gliocladium sp. [15]. The
species of our newly isolated baccatin III producing
endophytic fungus was identified as D. phaseolorum from
its ITS rDNA and 26S D1/D2 rDNA sequence. A strain of
D. phaseolorum and a strain of Phomopsis (anamorph of
Diaporthe) that could produce paclitaxel have been
reported previously [9, 12], but another strain of D.
phaseolorum that could not produce paclitaxel was also
reported [12]. This may be the result of a mutation or may
represent strain-to-strain variation. Therefore, it is not yet
clear whether all endophytic isolates of this species can
produce paclitaxel. In the 192 endophytic fungal strains
obtained in this study, we found only one strain that could
produce baccatin III and no strains producing paclitaxel
(compared with the chromatogram of standard paclitaxel).
There may be paclitaxel or baccatin III producers among
these strains but they were not accumulating detectable

amounts of paclitaxel or baccatin III under the conditions
used. These results add to our understanding of the kinds of
secondary metabolites found in endophytic fungi of yew,
and may provide clues as to the genetic origins of fungal
metabolite production in such endophytic plant—fungus
systems.

In this study, we determined the contents of baccatin III
in a mixture of mycelia and spent culture medium, in the
mycelia alone and in spent culture medium alone. In other
studies, only the content of baccatin III in mixtures of
mycelia and spent culture medium were reported [7, 20]. In
our study, the content of baccatin III in spent culture
medium is obviously higher than that in mycelia, indicating
that most baccatin III synthesized is secreted into the cul-
ture medium. The content of baccatin III produced by this
newly isolated endophytic fungus, isolate no. 79, is con-
siderably higher (many times that of any previous reports
[7, 20]) and makes this isolate a very promising candidate
to be applied to baccatin III and paclitaxel manufacture
after strain improvement and culture optimization.

Conflict of interest The authors of this article declare that they
have no conflicts of interest.

References

1. Caruso M, Colombo AL, Crespi-Perellino N, Fedeli L, Malyszko
J, Pavesi A, Quaroni S, Saracchi M, Ventrella G (2000) Studies
on a strain of Kitasatospora sp. paclitaxel producer. Ann
Microbiol 50:89-102

2. Caruso M, Colombo AL, Fedeli L, Pavesi A, Quaroni S, Saracchi
M, Ventrella G (2000) Isolation of endophytic fungi and Acti-
nomycetes taxane producers. Ann Microbiol 50:3-13

3. Croteau R, Ketchum REB, Long RM, Kaspera R, Wildung MR
(2006) Taxol biosynthesis and molecular genetics. Phytochem
Rev 5(1):75-97

4. Cusid6 RM, Palazén J, Bonfill M, Expdsito O, Moyano E, Pifiol
MT (2007) Source of isopentenyl diphosphate for paclitaxel and
baccatin III biosynthesis in cell cultures of Taxus baccata. Bio-
chem Eng J 33:159-167

5. Gangadevi V, Muthumary J (2008) Isolation of Colletotrichum
gloeosporioides, a novel endophytic Taxol-producing fungus
from the leaves of a medicinal plant, Justicia gendarussa. Myc-
ologia Balcanica 5:1-4

6. Guénard D, Guéritte-Voegelein F, Potier P (1993) Taxol and
Taxotere: discovery, chemistry, and structure—activity relation-
ships. Acc Chem Res 26:160-167

7. Guo BH, Wang YC, Zhou XW, Hu K, Tan F, Miao ZQ, Tang KX
(2006) An endophytic Taxol-producing fungus BT2 isolated from
Taxus chinensis var. mairei. Afr J Biotechnol 5(10):875-877

8. Jennewein S, Croteau R (2001) Taxol: biosynthesis, molecular
genetics, and biotechnological applications. Appl Microbiol
Biotechnol 57:13-19

9. Senthil Kumaran Rangarajulu, Byung-Ki Hur (2009) Screening
of species of the endophytic fungus Phomopsis for the production
of the anticancer drug Taxol. Biotechnol Appl Biochem 54:21-30

10. Senthil Kumaran Rangarajulu, Johnpaul Muthumary, Byung-Ki
Hur (2009) Isolation and identification of an anticancer drug,

@ Springer



1302

J Ind Microbiol Biotechnol (2013) 40:1297-1302

11.

13.

14.

15.

16.

Taxol from Phyllosticta tabernaemontanae, a leaf spot fungus of
an angiosperm, Wrightia tinctoria. J Microbiol 47:40—49

Li JY, Strobel GA, Sidhu R, Hess WM, Ford EJ (1996) Endo-
phytic Taxol-producing fungi from bald cypress, Taxodium dis-
tichurn. Microbiology 142:2223-2226

. Liu K, Ding X, Deng B, Chen W (2009) Isolation and charac-

terization of endophytic Taxol-producing fungi from Taxus
chinensis. J Ind Microbiol Biotechnol 36:1171-1177

Loncaric C, Merriweather E, Walke KD (2006) Profiling a Taxol
pathway 10b-acetyltransferase: assessment of the specificity and
the production of baccatin III by in vivo acetylation in E. coli.
Chem Biol 13:309-317

Navia-Osorio A, Garden H, Cusidé6 RM, Palazon J, Alfermann
AW, Pifiol MT (2002) Production of paclitaxel and baccatin III in
a 20-L airlift bioreactor by a cell suspension of Taxus wallichi-
ana. Planta Med 68:336-340

Sreekanth D, Syed A, Sarkar S, Sarkar D, Santhakumari B, Ah-
mad A, Khan M (2009) Production, purification, and character-
ization of Taxol and 10-DABIII from a new endophytic fungus
Gliocladium sp. isolated from the Indian yew tree, Taxus baccata.
J Microbiol Biotechnol 19:1342-1347

Stierle A, Strobel G, Stierle D (1993) Taxol and taxane produc-
tion by Taxomyces andreanae, an endophytic fungus of Pacific
yew. Science 260:214-216

@ Springer

18.

19.

20.

21.

22.

. Strobel G, Yang X, Sears J, Kramer R, Sidhu RS, Hess WM

(1996) Taxol from Pestalotiopsis microspora, and ndophytic
fungus from Taxus wallachiana. Microbiology 142:435-440
Tayung K, Jha DK, Deka DC (2007) Isolation and identification
of antimicrobial agent-producing bacterium from Taxus baccata
rhizosphere antagonistic against clinically significant microbes.
Indian J Microbiol 47:317-322

Walker K, Fujisaki S, Long R, Croteau R (2002) Molecular
cloning and heterologous expression of the C-13 phenylpropa-
noid side chain-CoA acyltransferase that functions in Taxol
biosynthesis. Proc Natl Acad Sci USA 99:12715-12720

Wang Y, Tang K (2011) A new endophytic Taxol- and baccatin
[II-producing fungus isolated from Taxus chinensis var. mairei.
Afr J Biotechnol 10(72):16379-16386

Wani MC, Taylor HL, Wall ME, Coggon P, McPhail AT (1971)
Plant antitumor agents I'V. the isolation and structure of Taxol, a
novel antileukemic and antitumor agent from Taxus brevifolia.
J Am Chem Soc 93:2325-2327

Wiyakrutta S, Sriubolmas N, Panphut W, Thongon N, Danwi-
setkanjana K, Ruangrungsi N, Meevootisom V (2004) Endo-
phytic fungi with anti-microbial, anti-cancer and anti-malarial
activities isolated from Thai medicinal plants. World J Microbiol
Biotechnol 20:265-272



	Isolation of an endophytic fungus producing baccatin III from Taxus wallichiana var. mairei
	Abstract
	Introduction
	Materials and methods
	Materials
	Instruments
	Reagents
	Materials

	Isolation of endophytic fungus
	Screening of endophytic fungi producing baccatin III
	Submerged fermentation of endophytic fungi
	Preparation of extract
	Determination of baccatin III
	Spectroscopic analysis of extracts

	Identification of endophytic fungi

	Results
	Discussion
	Conflict of interest
	References


