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Ability to Synthesize Taxoids of Endophytic Fungi in
Japanese Taxaceae Plants

Takahisa ISHINO*, Tamami TERADA*, Masahiro SAMEJIMA*, Shigehiro KAMODA**

1. [FUBIC

A FABBAREEOZRRH#W TH D 7 ¥V — )V (—#tf Paclitaxel) 13, M/MNEOREATH
T ) FEER L ERBER A L, BRI ISR 2R S 2 PUER Th 5o TFETIZEHIZ,
TINA T —IFANORRELRENTED,

T/, SETIEZORWERAMEROMEIZ R > TRz, TLT I 5% 3 vkl SfiH
HEOUEPLREINTETEY, ZOFRIEFLRERT TN, BRI F V-V E2EL I F VA
FRFEH DT A1) 7 TOBWGEMAZILER 6 FIVIZd Fb,

HHCHH=—XbREVSF Y —VIELTO 4 00 HETHEDT R ENT RS 2,

A) KFHAF A (Taxus breviforia) OREzH> S Ol 3)

B) by 44 9

C) HIERYE Baccatin Il 2> 5 DA (EH RIZHED 0.1%F2E) ©)
D) Plant cell fermentation (PCF) #:  (fifassags:) 78

L2, BMA—ADREICEM 3gALETH 212D b 5T, fil 100 40RO Bz 2
5b 30 03g LB v, £28F V- VOLEMEERIE TENS W0, IAMOET
ERWTIE RV, £oT, A)B)OFETIEE L, BIfEIZFEIL, C),D) DFETHIGEI N T 5,
FIZD) ok, =) vy —, HYRERER, EENAHARZEE2 bR LT, £EL
BARICHMT 2 2810 LTwa, LAL, K72 1Imgdh7zh 1000 e IEFICHMTH Y,
BURDAFESETIITFEIISZ A I2IEE > T,

ZIT, ¥RV VoOEERENEBRL, FHY - AEME LT, A FAFHEYONEREOF
FIZAEH L7z MY R ISR BN TAEF L, EARMITHILE R S Wity &g
TSN, TOIEMBIITIRIRE & BGRE Th 5o MY AR 318 T & P07z A BE Y E & 2
ETHIEPMENTEY, TEBEY L TR ZAHEBTER L TVDLEEION TS,
BAEMDOEFGEEDEDOA 7 ) — = Z1E 50 FLL LRI HATONTETE Y, EFEZOLHME
WCHWMEADETY, 24, AVRYT, FFXAGLEOEET V7 CREHAHERGEERE D
R M2 A AN EF R RE T OFAE, B X OEEROMEIZMT TR HED 5
s RRURSERERE R A G Rk R FERHE b R R S T
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TWb, BHfEL, N=3 ) Rt 770 AR e wvis 25 ER R IVE L Thb IR
VY, TINRYF e SIRIVERESE R RIREORZIC L o T I N TRy, £
DAL BTG PE E R HEH O LR BE VTR 2 R R & v o 22 MEM ORI R 2SI S hTwve b 9,
AWFETIE, WERORERIZL S5 3V —VAEGHEE L COFIHATREEZDEAA, 3V —
WHEEHBERREEETIZOWTOMAEZHLZ LB HWE L, HREDAS T4, BLUOVWLD
DOV XY — VEEBERLEFEAELTWAALFARHEW S Y 10 oW ERZHEEEL, 205 *
vV — VAEREE & BT L7z,

2. HABERBRTE

2.1 REEOEEERE D
2.1.1 EEHRER

e L LT ERERREWBENGNESE LY 1 F 1 (Taxus cuspidata) & 71 v (Torreya
nucifera) O%E, BiE, FEFHEZRL 720

2.1.2 Eipg

AR L WNERZ RS 52720, T0% T4 ) —)VT24, KEEFEMBF M) 7 A TS~ 154
WH LT, &fed lem EOWH IZHIWT L, Potato dextrose agar (PDA) H:#ilZ &R L 72,
HELTEEH4A%, PDARHICHRLC, HEHCH-FRE 2L ETHRERYIEL .

213 [EE

T CEEIEFET S tDNA (Y R — 24 DNA) O A~ —H —4H1d, (Internal transcribed spacer ;
ITS) OIEHKEIIEHREZINL L CTHMBERAELZ 1D, 5, HAZHEAEHEITTY O
LCHARIRIZL, DNA i F v +TdH % DNeasy Plant Maxi kit (QIAGEN ) % ¢,
WO 7T s a—)uiZfEvy, DNA Zdfiit L7z. diliti L7Z2DNA 27 >~ 7L — b & L C, tDNA
DH 5 18S, 28SRNA % I — N3 2RO E VEL FHEIEN S/ER L 727 T 4 ~—ITSIf-F (5-
CTTGGTCATTTAGAGGAAGTAA-3") & ITS4-R (5-TCCTCCGCTTATTGATATGC -3") %
FWTPCR #4757z (M- 1)o PCRIZ¥ —~< VA~ T —Veriti200 (ABI4L) % T, 94
C-14r- (94T -20# 45C -20%,72C -2 53) X 3594 7V -72C 22 5O UL A 7 Vv TIT
5720 PCREWZ 7 /70— A7 VELRIKE) CTHEA L7705, SUPRECTMPCR (TAKARA #1)
HWTT T4 ~—F3 LT, OPERON DY — 7 ¥ AT — ¥ AIZZEE L CRH % fifde L
720 #LTC, HADNA 7—%,3> 2 (DDBJ) @ BLAST &% JHWCHfE % [F%E L 720

ZF5aw— ITSI-F oA — ITS4-R
=) 4=m
I s o . 585 o658 12—
T, TG o)
S 1 oy HEL s PR gy — 8

-1 MR E PCR HIEHE L 77 4 ~ — & E
Fig. 1 Target regions and the binding sites of primers for endophytic fungi identification.
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PH
HO OBz OAc

N-(3’R)-Debenzoyltaxol

M-2 %%v—VAEEERER
Fig. 2 Overview of the paclitaxel biosynthetic pathway and enzymes.

22 REREDZ XY —IVERREDKRET
221 Ky b7RYy INATUESLE-D 3>

HERETELRWED ) B, 4 F A WNAR 6, » YAARSTEHEHIZOWTFy b7y
MNATYTAL ¥ = 3y &lfolz, 2.1.3 L[AFEIZ DNeasy Plant Maxi kit & HvC 11 DN
AW S L7z DNA % 10ug 32, Hybond N + 2 > 7L v (GEANIVAT THE) 12 LAA
T, 254nm O UV #HCTA Y TV VIZE%E L7z (4 F 4 Taxus cuspidate = 3> F O — )b & L
THWZ) o A FABBATHAD S ¥V — VERMERED ) L, FICHAEO RV TXS
(taxadienesynthase),BAPT (3-amino-3-phenylpropanoyl-13-O-transeferase), T o H
(taxadienel3 o -hydroxylase) &%) 3 DOEEFEMIET (X - 2) 1~ 10) 205 8 L 72 (OPERON
#1) 50 ~ 100bp »#fE L7z DNA Wif %z 7u—7 ((- 1) & L7z, #® AlkPhos Direct (GE
NVATTH) ©oTa ka—uiZfEv, S5CTMnA 7Yy A= a3 21T, 65T T A
YTV ERWEE L. TO%, —MELL TREEZBIE L, COFy b7y AT 5 A
Y= a VORRE XV - VERREOFE#ELZRT —IRA ) —= 7L L7,

222 YHYINATVEAE—-Var

22103009 %V = VEEBEO T U —TIZBWTARY M EHRT 5 EOTENAE
BHODNA ZHWTHHF NS T FAL - ar&iTo72. £9, DNA % 2 FUHD HIREESE
Hind Il & EcoR 1 % [ FHWCHLEL L (double digest JLEL) 7 40— 27 )VESIKEI % 4T -
770 BRIKEIZITo724 V%, 10 x SSC (standard saline citrate) Tiz L 72O FICE X,
FVDFIZHybond N + A > 7L v %3ed, DNAD LS VA7 7 —%—WifT > 720 D%,

FURURA: R A H0 i B My, 126, 45—-58 (2011)
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#F-1 Fy 7oy MIFEALZY T —TES
Table 1 Sequences of probe for dot blot hybridization.

TXS1 aatgcagcgctgaagatgaatgcattggggaacaaggcaatccacgatccaa (52bp)
TXS2 cgaattgcagagccaaatctgaggggcaaatgatgtgggtttgctccaaatcagggegaaccagagtaaaa
atgtcgagaggaagtggtggtectggtee (100bp)
TXS3 tgtcgtaatg atgagcagta geactggeac tagcaaggtg gtttccgaga cttecagtac (60bp)
BAPTI ceettttgetgggeggcetcagaaataaagaaaatggggaacttgaagtggagtgcacagggeagggt
gttctgtttctggaagecatggcetgacagegac (100bp)
BAPT2 ctttcagtcttaacagatctcgataactacaatccatcgtttcagcagttgattttttctctaccacagg (70bp)
BAPT3 atacagatattgaggacctccatctcttgattgttcaggtaactcgttttacatgtggggsttttgt tgt (70bp)
ToaH ggtaaaagacctcgtcttctccgtegeaageegettgttttttggtataactgagga (57bp)

These probes were produced from Taxus cuspidate DNA sequences

2.2.1 & [EEEIC 254nm @ UV % B4+ L € DNA %[5 L 7z #iliio AlkPhos Direct (GE ~ VA
FTrA) o7a s a—vitfiEwy, SSCT—ng Ty A - a rwiTo72. ZOR,
1 BBARD ¥ ¥ K2 (Taxus cuspidata varnana) ® DNA %5 >~ 7L — MZL T, £-21
RL7eT 74 ~— (BAPTIZBIL Tl flrl oA GbEDAR) 2 HWTPCR 217\, 20
PCR ¥ (TXS877bp, BAPT444bp, TaH311lbp) O —7r v A% tilts, 7u—7& L CfE

M L7z0 65C CToti L72f2, —Mg L CTREZBIE L.

2.2.3 )i & PCR &R

Cordyceps dipterigene ® DNA % Hind Il &£ EcoR 1 T double digest L LT, 7o —A 5
WVERKEZITV, TN TV AL E—2 5 TNY FPHRTE B2 LT,

F-2 FyIRIDIFY— VERBERET SI94~—
Table 2 Primers specific for taxol biosynthetic enzymes.

TXSt atgcgatcga ttgettaacac
TXSr tccagcagat cgatggaatac
BAPTf1 atccgctetg ttctgaatac
BAPTr1 ggtcctcaat atctgtatce
BAPTf2 acgacgcatc atggaagaat
BAPTr2 agtgctcacg ttcattgcat
T o Hf ggtaaaagacc tcgtettctecgteg
T o Hr tetecttgte cgecagtgaattce

f: forward, r: reverse
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QIAquik Gel Extraction kit (QIAGEN %) % IVCH L2507 57 2 ¥ Mt %720 7
VRO L7279 72X FDNAZ T TL—MILT, £-20754~v—%HTPCR
#f7T\v, PCREW % 7 70— A7 VELIKENZ L )Y A4 X &R L 720 PCRIZT—< V31 2
Z —Veriti200 (ABI#1) % MW, 94T -2 47 - (94T -30 % ,53C -30 % ,72TC -24) % 30
A7 -12C 35O A 7 IV TiTo 72,

WIZZ D PCR EYW %, pGEM-T Easy Vector System I (PROMEGA ) % JJwC TA 7 1 —
V7% L7e IYET Y ML Ecoli DHS oo (TAKARA#L) 2w, 7 EZ ) ¥ (100
ug/ml) A Y OLBEH I, 37CT—MpE#E L7zo a0 = =25 KA V{#TDNA ZF#H L,
pGEM-T Easy Vector System I ® 7 01— = 7% 4 FOWlZH 5 T7T 7’2E— 4% —B LU SP6
TUE=F —EHOT T A4 <7 —% 7 PCRIZE ) A XMEREIT, Blkr o— > ok i
AEITOT0 NV RDPFERTE b DL, V=7 v AT —E X (OPERON #1) 1IZ&EEL T
BeF 2 A 72,

3. BREEE

3.1 AEREDOREREF

A FA LI YONERZREE L TR %425 DNA il L, 1DNA O 5E &Y % JLE
L TWEDRIEZ1T o 720

A4 F 4 5 |k Phomopsis &% H.0012 10 830 13 fEE (A-M) OWDS, 7Y IE Xylaria J& %
2 11 FEEE 13 R (A-M) O HBES 7z (F-3) BRREUBICETTA2AF1E7
YOWNAERDPKRE B LMRE LY, EERREDD PV LMERE R o7,

F72, SRS NI F A4 NERO D B 3 (Phomopsis phaseolorum, Colletotrichum
gloeosporioides, Paraconiothyrium microdiplodia sp), 71 Y NAER D 95 H 2 Fi$H (Sordariomycete,
Xylaria venosula) %, BEIZ% ¥V — VEEMESREENTVWELDTH- 72 17,

32 AEREDF ¥V —IVERRBEDHET
321 Ky v7OY MNATYELE—-D >

FELAEEDI L, ¥FV - VAEEDPHE SN TV 3L ED A 71 NANR 6 FiE,
Z X VEBENRESNTWE 22 EC A VYNAERE SHEELZ NS E LT, FF V-V
WHER D720, TNOHEOWAERDN Y £V — VAESEEK Tl < 3o RE T TXS,
ToH, BAPT2E 3250 0% Ny b70y bNATY)FA ¥ =2 arTRELZ. 454
MAEETIE, 7%V = VEEEPRE SN TR/, | HELIEEIN T 2h o7
Phyllosticta papayae & Phomopsis J&D ) b AR CREDF W 2 2 @I L 720 7Y NER
T, WEZDPFEELEN LWL DODNE o725, ¥ F U — VAEEWEDIHRE SN TS 2 IS
WL, BEOR W Xylaria |8 3 #E & hypoxylon J& 1 Ff % 3k L 72,

3f (TXS, TaH, BAPT) OFZE#EATA7U—7L L fio/zFy b7oy bOREER -3
EFE- AR LT SRIONA TN FAL X =2 a v OfERE LT, 454 WER H [Colletotrichum
gloeosporioides], L [Paraconiothyrium microdiplodial, 7Y WHER A [Xylariaceae Cordyceps
dipterigene], H [Sordariomycete] ® 4FHIZB\ T, TXS, TaH, BAPT 32§ XTOEEH
DTU—=TTNATYFTAXL, INOOBEORIZFEIN AT AWML RIE S N7z, 47
DI B3RS F V= VEEEPREINTVELDTH 72705, HYHNEE A [Xylariaceae

FURURA: R A H0 i B My, 126, 45—-58 (2011)
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Table 3 Molecular identification of endophytic fungi based on DNA sequence analysis shaded area:

ABEAS
F-3 AFALHYONATOHHER ER R

endophytic fungi reported taxol production.

Taxus cuspidata

Names of fungi

Botryosphaeria parvastain

Phomopsis phyllanthicola

Phomopsis liqaidambari

Phomopsis amygdal

Phomopsis phaseolorum

Phomopsis liqaidambari voucher

Phomopsis vecinill

D oQ|m|mB|O|alm| >

Colletotrichum gloeosporioides

—

Phomopsis sp

—

Phomopsis vecinill

Melanconium juglandium or Phyllosticta papayae

Paraconiothyrium microdiplodia sp

2l R

Phyllosticta papayae

Torreya

nucifera

Names of fungi

Xylariaceae sp Cordyceps dipterigene

Hypoxylon sp

Hypoxylon sp unidentified Xylarialean

Hypoxylon sp unidentified Xylarialean

Not identified

Hypoxylon sp unidentified Xylarialean

Xylaria sp

T Q| M| oo Q|m|»

Sordariomycete(xylaria)

—

Xylaria hypoxylon

Xylaria venosula

Phomopsis amygdali

Phomopsis amygdali Phomopsis fukusii

2l RA| =

Not identified
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Probe TXS Probe Ta H

=3 FyMuayINATYIIE-Ta iR
Fig. 3 Dot blot hybridization analysis.

a A FANAERE b HYAAER

a: endophytic fungi from Taxus cuspidata

b: endophytic fungi from Torreya nucifera
Probe BAPT A :Hybridization signal

TR 2 B M, 126, 45-58 (2011)
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Probe TXS Probe Ta H

Probe BAPT

-3 Fybr7ay b TYFLE—Ta VR (Bid)
Fig. 3 Dot blot hybridization analysis. (Continued)
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F-4 NERENAT) T L= a ViR
Table 4 Summary of dot blot hybridization analysis using genomic DNA from endophytic fungi.
Taxus cuspidata

Names of fungi TXS ToH BAPT
B Phomopsis phyllanthicola X O X
E | Phomopsis phaseolorum O O X
G Phomopsis vecinill X O X
H Colletotrichum gloeosporioides O O O
L Paraconiothyrium microdiplodia sp O O O
M Phyllosticta papayae X X X
Torreya nucifera
A Xylariaceae sp Cordyceps dipterigene O O O
G | Xylaria sp O X O
H | Sordariomycete(xylaria) O O O
I Xylaria hypoxylon O X O
J Xylaria venosula X X O

Cordyceps dipterigene] 35 HAD T, TNEDBIETNZFAH->TWDL I EDRBTE, T2,
ZOMDOHIZBNWTD, 122V LIE220BEDTO—T TN, 7Y FAL X LTz, SHD
TU—=TTRIOETEMBTE L o7/27213T, TNEONAERICIESY ¥V — VAESBKREE
ZHLTWAIREIETENZ WD, BEREIZBWTIEA F 1 BEARNTSY 349 5 OKR
LD BB BV T, 7%V — VAEFEIZE D - TV 5 B O T REMEAHEN & iz,

3229 HNATYEAE—2 3> EBIGFES

HAEL 3 HOBEETCOFEENRBENLAHONER DI S, TNETTYF Y —IVEE
TS S T 72 o 72 Cordyceps dipterigene |22\, 2N b 3 FOMFEBIZT DHFEED
Ml x2 55720, L) 7u—TRORVY ¥ 7R O 3 @z TOEG Y% 7u—7¢8 L TH
THHFINATNVITA =T a v &{To720 TOVHFINLTNITA LT a v OEER - 4
WRL7: (ToHZ7O0—7& LTHWZEHEICELTE, Y705 l, To2EKEE2HES
N o725 INERER L TR v, ZOFEE, Cordyceps dipterigene ® DNA % Hind T
& EcoR 1T double digest ML L 725 DD 9kb~ 4kb D& 72 1) 12 TXS % I — F§ 58T 25,
6kb~ 2kb DI BAPT 2 02— N$ 2 BIZF D E TN TVAH 2 EAVRIRE NI,

ZZTIOHBIZEENL DNA 27 VL TF >~ 7L — & LTPCR 247\, £® PCR
EWxE TA 70 —=r 7 L CHEETEVZF5A . ZOMEZK - 5 1TR L. ZORKE, 1F
A EHFEDOEEA D TXS & 97% DA% 7R3 877bp @ DNA Wik % #FE L 720 F 72, FERIC

FURUR SR A H0 i B My, 126, 45—-58 (2011)
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ABEAS

& % double digest WL > 7)1

54

e 0 h,.

.mm .mw i,um e £ h‘.
= ¥ © 3 =
° o, o W &
©

Il and EcoR 1.

a:7u—7 TXS b:7u—7 BAPTI
FRELY O AFA,. @ hx, @F ¥ 7K. @ : Cordyceps dipterigene ® DNA, ZN 5 44 T Lo

Fig. 4 Southern hybridization analysis. Cordyceps dipterigene genomic DNA was double digested with Hind
Hind I & EcoR 1}

@ : Taxus cuspidata, (2 : Torreya nucifera, (3 : Taxus cuspidate var. nana, @ : Cordyceps dipterigene

K- 4 Cordyceps dipterigene DY 2N 7)) ¥4 X = 3 VR
a:TXS b:BAPT1 (77 A ~—flrl DA EDHE)

g~ —7—% 42X
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a'TXS 877bp
TGCGATCGAT TGCTTAGCAC GACCAATTCT GTTATCTCCC TCTCGGCTTG

CAAAACAGGG CACAGCCAAC TAGAACATGG TTAGAATCAT GCCATTTTGG
GAAAAAAAAA CAGTGTTGAA GGTTTACTGG TCAATCAACT AATGTTTTGT
TTCTCATTTT TTGGGGGGGA TTTATCATTG GTGGGTGGAC CAGTCAGCCT
TGCAAATATT TGTGATGTTT AAGCGCCAAA TCTGTTGTCT CATTATTTTT
CTATTTTTTT CTCCACAGAT ACTGAGTTTA TTGCAGAGAA TCTAGATTAC
TCAATGAGGA AGATGAGCTG TCCCCGGATT TCGAAATAAT CTTTCCTGCT
CTGTTGCAAA AGGNAAAAGC GTTGGGGGTC AATCTTCCTT ACGATCTTCC
ATTTATCAAA TTTTTGTGGA CAACACGGGA AGCCAGGCTT ACAGAGTGAG
TGAAAACTCT GTTACTGTTT TTAAAAAAAA AAACTGGTAA TCATGTTCTG
GATTTGTAAT TTGTTCTTTT TGGCCATTGC AGTGTTTCTG CGGCAGCAGA
CAATATTCCA GCCAACATGT TGAATGCGTT GGAGGGTCTC GAGGAAGTTA
TTGACTGGAA CAAGATTATG AGGTTTCAAA GTAAAGATGG ATCTTTCCTG
AGCTCCCCTG CCTCCACTGC CTGTGTACT GATGAATACA GGGGACGAAA
AATGTTTCAC TTTTCTCAAC AATCTGCTGG ACAAATTCGG CGGCTGCGGT
ATGATTTGTT TTTTAACAAG AAATTCTTTG TGTGCGTGCT GATTCCAACA
TTAGCATTCA AGTGATTAAA TTAAATGGTA CGAACTGTGA ATTACAGTGC
CCTGTATGTA _ TTCCATCGAT GAGCTGGC

b:TaH

GGGATCTTTT TCTGTTCCAC TCAACATTCC CGGATTCAGT TACCATAAAG
CGATTCAGGC  AAGGGCCACC CTCGCTGACA TCATGACCTC TTTGATAGAA
AAGAGGAGAA ATGAGCTGCG TGCAGGCACT GCATCTGAGA ATCAAGATTT
GCTCTCTGTT TTGCTCACTT TCACTGACGA AAGGGGGAAT  TCACT

¢:BAPT1 444bp

ATCCGCTCTG TTCTGAATAC TTAGAGATGA AGAAGACAGG TTCGTTAGCA
GAGTTCCATG TGAATATGAT TGAGCGAGTC ATGGTGAGAC CGTGCCTGCC
TTCGCCCAAA ACAATCCTCC CTCTCTCCGC CATTGACAAC ATGGCAAGAG
CTTTTTCTAA CGTATTGCTG GTCTACGCTG CCAACATGGA CAGAGTCTCT
GCAGATCCTG CAAAAGTGAT TCGGGAGGCT CTCTCCAAGG TGCTGGTTTA
TTATTACCCT TTTGCTGGGC GGCTCAGAAA TAAAGAAAAT GGGGAACTTG
AAGTGGAGTG CACAGGGCAG GGTGTTCTGT TTCTGGAAGC

CATGGCTGAC AGCGACCTTT CAGTCTTAAC AGATCTCGAT AACTACAATC
CATCGTTTCA GCAGTTAATT TTTTCTCTAC CACAGGATAC AGATATTGAG
GACC

d:BAPT2 431bp
GACGACGCAT CATGGAAGAA TGCAAAGAAA GTTTATCTTC ATTTGAAATT
GTAGCAGCAT TGGTTTGGCT AGCAAAGATA AAGGCTTTTC AAATTCCACA

TAGTGAGAAT GTGAAGCTTC TTTTTGCAAT GGACTTGAGG AGATCATTTA
ATCCCCCTCT TCCACATGGA TACTATGGCA ATGCCTTTGG TATTGCATGT

GCAATGGATA ATGTCCATGA CCTTCTAAGT GGATCTCTTT TGCGCACTAT

AATGATCATA AAGAAATCAA AGTTCTCTTT ACACAAAGAA CTCAACTCAA
AAACCGTGAT GAGCTCGTC TGTAGTAGAT GTCAATACGAA GTTTGAAGAT
GTAGTTTCAA TTAGTGATTG GAGGCATTCT ATATATTATG AAGTGGACTT

TGGGTGGGGA GATGCAATGA ACGTGAGCAC T

— 5 Cordyceps dipterigene O % %) — VR EEF B m T O R

Fig. 5 Partial sequences of three paclitaxel biosynthetic pathway genes from Cordyceps dipterigene.
a:TXS, b:T o H, c:BAPTI1, d:BAPT2

Underline : primer site

TR 2 B M, 126, 45-58 (2011)
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1 F A BHRD BAPT & 131F 100% ORI % 7R3 431bp & 444bp & DNA Wik % #E5E L 72
% 72, Cordyceps dipterigene D DNA #7 >»7L— e L C, TaHO 7514 ~—TPCR %
To72#ER, AT A BHEROBAO ToH LR 100% D 195bp @ DNA Wik % ##5E L 720
NSO e N5, Cordyceps dipterigene 132 TXS, BAPT, ToH:WwH 320 % Fv— )
HERBRELRTEA LTSI LAREN, TDOFF Y — VAERENI) 2052 5, £72, Thb
DEAZTFEINIOAIRIE, A T A BEARUITIIHOHE L b,

2 F

4 F A BB OIS & LTHONE Y FV —)Vid, TRIEVIEICEIRO S 5 58] % 5iE
KITH DD, HIARDIZOMKRE L TEGERTH L, ZOMBARBHOM Iz FERE L
T, WAROFMIZER L7ze A F 412z, RUATARTHZH v ONEROHEEREZAT
W, FDY XY = VAEETREEIZOWT Y 3V — VAR REETOFEEL W BT, SR %
iTo720 £9, A F 45513 Phomopsis J& % .02 10 TEOW A, 71V Id Xylaria J& % .02
1 FEEOBAHEE S Nz, kI, BB Xy — VAESEBEERZON, FICAHAEO W
TXS (taxadienesynthase), BAPT (3-amino-3-phenylpropanoyl-13-O-transeferase), T o H

(taxadienel3 o hydroxylase) &\»9 3 DOBEFEMRIZTOFIEWREMEEZ, Fy b7 0y g7
VEA =2 avEEIT)IETREAN, —RAZ)—=v 7k Lz, ZOMRE A FAWNER
[Colletotrichum gloeosporioides], [ Paraconiothyrium microdiplodial, 71 Y VW [Xylariaceae
sp, Cordyceps dipterigene], [Sordariomycete] ® 4 HAEIZB W T, 3HETH T — T TN
TNFTA X LT2e 2DHE, AYNERD Cordyceps dipterigene \ZiEH LT, ¥ g 7Y
FAX—2ar&fTozb s, LR3HOBROTO— 7 TNY FOHRTE 72, £OHD
EAVHIHBLTCTF 7L — bt &L, PCR 217\, HWIEEFZFHAL L Z A, Lt 3 DM
fZEFEISULLEOBEBNHFAEERL, §3 V- VEBEBRERTEAET2MEWE D TR
TBHIENTE,

F—T—=F XV AN, AFARMEY, WER, N TVSAE-Tary, ¥Ry VEREE
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Summary

Taxol is a potent antimitotic agent with excellent activity against a range of cancers. Several
methods have been developed for taxol production, e.g, total chemical synthesis, semisynthesis
from precursor Baccatin 111 and plant cell culture. But, taxol supply does not meet demand. So, in
order to lower the price of taxol and make it more widely available, we focused on endophytic
fungi as an alternate source of supply. This study investigated the endophytic fungi diversity of
Taxus cupidata and Torreya nucifera and screened the taxol-producing fungi in the host.
Endophytic fungi obtained from bark, leaf and leaf stem were identified by sequence analysis of
the internal transcribed space (ITS1-5.8S-ITS2) of rDNA. 10 endophytic fungal strains were
isolated from Taxus cupidata and 11 strains from Torreya nucifera. We researched the gene
sequences of the paclitaxel biosynthetic pathway enzymes in 21 endophytic fungi to discover
taxol-producing fungi. We examined the presence of TXS, BAPT and T o H, thought to be a key
enzyme for taxoid production, by dot blot hybridization for first screening of taxol-producing
fungi. As a result we were able to obtain four fungi strains in which TXS, BAPT and T o H
hybridization signals were obsereved. They were Colletotrichum gloeosporioides and
Paraconiothyrium microdiplodia from Taxus cuspidate, Cordyceps dipterigene and
Sordariomycete from Torreya nucifera. Secondly we focused on Cordyceps dipterigene and
researched the gene sequence of TXS, BAPT and T o H by southern hybridization, gel extraction
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and PCR. As a result we were able to obtain the sequences of three taxol biosynthetic pathway
genes from Cordyceps dipterigene and from this we concluded that Cordyceps dipterigene has
the ability of taxoid production. This report is the first discovery of an endophytic fungus which
has several taxol biosynthetic pathway genes.
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