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Taxol-producing Fungi a New Approach to Industrial
Production of Taxol
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Abstract Produced by and purified from Taxus brevifolia Taxol paclitaxel has become a widely used cancer drug in clinic.
Due to the rapid growing market current industrial production of taxol by semi-synthesis that consumes large amount of Taxus
trees cannot meet the requirement of the market. The discovery of taxol-producing fungus Taxomyces andeanae an endophyte of
T. brevifolia by Stierle et al 1993  paves a new way to the production of the drug i.e. employing large-scale fungal
fermentation to make Taxol at lower cost and yet higher yield. This review discusses the present problems in taxol production in
pharmaceutical industry the finding and research progress on taxol-producing fungi and the potential application of fungal

fermentation to manufacture this important drug.
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Paclitaxel Taxol :
Wall ~ Wani 1963 Taxus
[l baccatin I 13 brevifolia 1966
1 2
30 2 50 B16 * Schiff
NCI Horwitz 1979

Received November 14 2005 Accepted November 22 2005.
This work was supported by a grant from Nankai University No.J02704 .
* Corresponding author. Tel 86-22-23505723 E-mail xudong82 @ nankai. edu. cn
No. J02704 © FERMFRMEMFRIFATIKSHIET http://journals. im. ac. cn



7000kg

0.0001% ~ 0.008%
0.015% ° lkg
2000 ~ 2500

2 Chinese Journal of Biotechnology
B- ’ 1992 Bristol-Myers Squibb
Y1992 12 29 16kg 120 kg
FDA Bristol-Myers-Squibb BMS > 6
Taxol 60 ~ 100 v
5
1994
112
6
° 10
BMS
13 14
Christen
15
ESC Agenetics
300 ~ 500 1992 NCI
10
~5
12 ¢/L
0.119% 12
78 40 16
C-13fr Mg
OH
o™
7o T. cuspidate
N 0
™~ H Baccatin [1]
0 1
1 baccatin [[l 2 C-13
C-13 Baccatin Il 13 3
Fig. 1  Stucture of paclitaxel taxol 5 ) .
C-13 side chain and baccatin [l core are indicated. Baccatin I C-13
1
baccatin [ C-13

© thBMS e min s 30002 %488 htto://journals. im. ac. on

2006 Vol.22 No.1



10
2
317
1993 Stierle
1 - Taxomyces
andreanae TLC/HPLC
24 ~
50 ng
317
Strobel
P.
microspora
1000 60 ~70 pg " Li
16 9
1487
19 2
ng
Strobel
Wollemia nobilis
Ay
Taxodium distichum
2
2 T. yunnanensis
232425
T. cuspidate

Nodulisporium sylviforme

309 3
30
3
3
biosynthesis
1
2 3
2
Croteau
»® T. cuspidate
10
19 ®
30
3.1 P . microspora

© *@ﬁ#ﬂmmﬁﬁﬁﬂ?']ﬁ%?ﬁﬁmﬁﬁ http://journals. im. ac. cn



Chinese Journal of Biotechnology

2006 Vol.22 No.1

3l P
microspra NE-32

T. wallachiana
18

P . microspra

2BU
Long P . microspora  DNA
» hygromycin
/PEG P . microspora
NE-32 50 ~ 1000 I pg
DNA DNA
DNA
5 -
TTAGGG-3' DNA
DNA 3~6
DNA
6
DNA
20 d
DNA
PCR P . microspora
10~ 50 P .. microspora
DNA
P . microspora
NK101
Driselase ~ Sigma St. Louis MI USA
10 mg/ml. 32°C 2 h
DNA
Metz P . microspora NE-32
Pestalosphaeria hansenit
16 ~
20°C l1h3~6
P . microspora homothallic
36
3.2 N. sylviforme

Taxomyces andreanae

2 HQD33 HQD48 7

N. sylviforme

26

51.06~125.70pg/L. 1993

DNA 7
418 pg/L
RAPD DNA 8P
nystatin
39
DNA
4

© PERZERMEMHARTATIHESHIEL http://journals. im. ac. cn



REFERENCES

1 Zubrod CG  Schepartz SA  Leiter J et al. The chemotherapy
1 program of the NCI history analysis and plans. Cancer Chemother
Rep. 1966 50 349 - 355
2 Wani MC Taylor HL. Wall ME et al. Plant antitumor agents VI
The isolation and structure of taxol a novel antileukemic and
antitumor agent from Taxus brevifolia . J AM Chem Soc 1971 93
2325 - 2327
2 3 Wall ME ~ Wani MC  Taylor HL. Isolation and chemical
characterization of antitumor agents from plants. Cancer Treat Rep
1976 60 1011 - 1014
4 Schiff PB Fant ] Horwitz SB. Promotion of microtubule assembly
in vitro by taxol. Nature 1979 277 5698 665 - 667
5 Patel RN. Tour De Paclitaxel biosynthesis for semisynthesis. Annu
UvV EMS Rev Microbiol 1998 98 361 - 395
6 Croom EM. Taxus for taxol and taxoids. In Taxol Science and

2 Applications ed. M Suffiness pp. 37-70. Boca Raton FL CRC
ng/L / 1995

NCEU-1 100

7 Stone R. Surprise A fungus factory for taxol ~Science 1993 260
5150 154 -155
8 Stierle A Strobel GA  Stierle D. Taxol and taxane production by
Taxomyces andreanae . Science 1993 260 5150 214 - 216
9 Vidensek N Lim P Campbell A et al. Taxol content in bark
wood root leaf twig and seedling from several Taxus species. J
Nat Prod 1990 53 6 1609 - 1615
10 Cragg GM  Schepartz SA  Suffness M. The taxol supply crisis. New
NCI policies for handing the large scale production of novel natural
product anticancer and anti-HIV agents. J Nat Prod 1993 56
10 1657 — 1668
11 Holton RA Somoza C Kim HB et al . First total synthesis of taxol.
1. Functionalization of the B ring. J AM Chem Soc 1994 116
1597 - 1560
5 12 Nicolaou KC  Yang Z Liu JJ et al. Total synthesis of taxol.
Nature 1994 367 6464 630 - 634
13 Edgington SM. Plant cell culture for taxol production.
Biotechnology 1991 9 10 4782 — 4794
10 14 Gibson DM Ketchum EB  Hirasuna TJ et al . Potential of plant cell
culture for taxane production. In Taxol Science and Applications
ed. M Suffiness pp. 71 -95. Boca Raton FL CRC 1995
15 Christen AA  Gibson DM Bland J. US Patent No. 5019504 1991

16 Gan FY . Study on cell suspension culture of Taxus
yunnanensis.. Acta Phytophys Sinica 1997 23
1 43-46

16a  Zhang JZ Zhang LH Wang XH et al. Microbial transformation of
10-deacetyl-7-epitaxol and 1-B-hydroxy-baccatin I by fungi from
the inner bark of Taxus yunnanensis. J Nat Prod 1998 61 497 -
500

17 Strobel GA  Stierle A Stierle D et al. Taxomyces andreanae a

proposed new taxon for a bulbilliferous hyphomycete associated with

© h EF Bacifichvewn iMbeordipn) T1993: 140 Thei’8 // journals. im. ac. cn



2006 Vol.22 No.1

6 Chinese Journal of Biotechnology
18 Strobel G Yang XS Sears J et al. Taxol from Pestalotiopsis mvolved in Taxol biosynthesis. PNAS 2004 101 24 9149 -
microspora an  endophytic fungus of Taxus walachiana . 9154
Microbiology 1996 142 435 —440 29 Walker K Croteau R. Taxol biosynthesis genes. Phytochemisiry
19 Li JY Sidhu RS Bollon A et al . Stimulation of taxol production in 2001 58 1-7
liquid culture of Pestalotiopsis microspora . Mycology Research 30 Walker K Long R Croteau R. PNAS 2002 99 9166 - 9171
1998 102 4 461 — 464 31 Wei JG XuT . Biodiversity of endophytic fungi
20 Li JY Strobel GA Sidhu R et al. Endophytic taxol producing Pestalotiopsis . Bidiversity Science 2003 11 2 162 - 168
fungi from Bald Cypress Taxodium distichum . Microbiology 1996 32 Lee JC Strobel GA Lobkovsky E et al. Torreyanic acid a
142 2223 - 2226 selectively cytotoxic quinine dimmer from the endophytic fungus
21 Strobel GA' Hess WM Li JY Pestalotiopsis guepinii a taxol Pestalotiopsis microspora. ] Org Chem 1996 61 10 3232 -
producing endophyte of the wollemi pine  Wollemia nobilis . Aust J 3233
Biotech 1997 45 1073 - 1082 33 Li JY Strobel GA. Jesterone and hydroxyl-jesterone antioomycete
22 Qiu DY Huang MJ Fang XH etal. cyclohexenone epoxide from the endophytic fungus Pestalotiopsis
Isolation of an endophytic fungus associated with Taxus Jesteri .. Phytochemistry 2001 57 261 — 265
yunnanensisi . Acta Mycologica Sinica 1994 13 4 34 Pulici M Sugawara F  Koshino H et al. Metabolites of
314 -316 Pestalotiopsis  spp.  endophytic  fungi of Taxus brevifolia .
23 Ma YC Zhao K Wang SW el al. Phytochemistry 1997 46 2 313 -319
Biological diversity of taxol-producing endophytic fungi. J Fungal 35 Long DA Smidansky ED  Archer AJ et al. In vivo addition of
Res 2003 11 28-32 telomeric repeats to foreign DNA generates fungus Pestalotiopsis
24 Zhou DP Ping WX Sun JQ . Study microspora . Fungal Genetics and Biology 1998 24 335 -344
on isolation of taxol producing fungi. J Microbiol 36 Metz AM Haddad A Worapong J et al. Induction of the sexual
2001 211 18-20 stage of Pestalotiopsis microspora  a taxol-producing fungus.
25 Li CT LY Fang ZM et al. Microbiology 2000 146 2079 — 2089
Diversity of endophytic fungi from Taxus cuspidata . J Jilin Agricul 37 Yu HY Sun JQ Zhang P et al.
Univ 2004 26 6 612-614 Identification of taxol-producing fungus HQD33. J Microbiology
26 Zhou DP Sun JQ Yu HY et al. 2001 212 22-23
Nodulisporium  a genus new to China. Mycosystema 38 Zhao K Ping WY Ma X et al . Breeding
2001 20 2 277-278 of high-yield strain of taxol by mutagensis of protoplast and primary
27 Zhao K Zhou D P Ping WX . Study discussion of genetic differences between mutants and their parent
on the mutagenesis of Taxol-producing fungus Nodulisporium strain. Acta Microbiol Sinica 2005 45 3~ 355 -358
sylviforme protoplast. China Biotechnology 39 Zhao K Zhou DP Ping WY et al. Study on breeding up high-yield
2004 249 64-68 strain of Taxol by protoplast mutagenesis. Chinese J Biotechnology
28 Jennewein S Wildung MR Chau M et al. Random sequencing of 2005 215 848-2851

ALALANEA AN A tat At alat

an induced Taxus cell ¢cDNA library for identification of clones
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