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Secondary metabolites from endophytic fungi of Taxus wallichiana var. chinensis
and their biological activities
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ABSTRACT: AIM To study the secondary metabolites from endophytic fungi of Taxus wallichiana var. chinensts
(Pilger) Florin and their biological activities. METHODS Endophytes were isolated and purified by tissue block
and scribing method, the obtained strains were identified by molecular method. Macroporous resin column and
silica gel column were used for separation and purification, then the structures of obtained compounds were
identified by physicochemical properties and spectral data. The inhibition of phosphatidylinositol 3-kinase,
phosphodiesterase and fusarium oxysporum activities were determined by chemiluminescence kinase assay kit
method, resazurin cell viability assay and enzyme linked immunosorbent assay. RESULTS  Eight endophytic
fungi were isolated and identified as Trichoderma, Aspergillus, Gongronella, Phoma, Penicillium. Strain ZGG-5
had strong PI3K inhibitory activity with IC,, value of (0.17+0.05) pg/mL, and was identified as Gongronella
butleri. Thirteen compounds were isolated from ZGG-5, and compound 13 had strong activities of inhibiting PI3K at
concentration of 1 mg/mL, and the inhibitory rate was (97.8x0.51)%. CONCLUSION T. wallichiana var.
chinensis contains endophytic fungi with strong activities of inhibiting PI3K. Compounds 1-12 are first isolated from
G. butleri.
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AR TR AR R — & BB el el B, AR T
FRATL) () 25 Fh 20 ZURN 25 20 B 1) B B3040 A P A9 s A=
Yt R ICAEANTE B A A T
AR, WH5EE WA N AE FL R T R I T2 451
BRAEY), AT, w2 SEERE . M
i, RELR., RBR. RNR, Bk, WS,
HAHUR , AW, PURBEE

hE 41 S 82 Taxus wallichiana var. chinensis
( Pilger) Florin f&—Fh £ Z /0 A FE YL LA 0O %
B, R RS BAER], A B TRy 7k,
PR L B RGO B, hEa T
B AR . IESEN, & TR
LU TR s o N IR (N E I 1 SRS N B2 E N K
PI3K, PDE, HEEIGTERAHOCHGE . B, ABF5E
X ELL AN BRI T B A, P Ttk
XF PI3K EL A A e 4110 1) 335 P 9 R K B 96 3K HE
Gongronella butleri, F-X}HIHHEAEHE—EA15T
1 w7t
1.1 AE SW-CJ-1C ¥ TAES . YYQ-LS-18 &
FKf . RE-5286A fiEfe 78 k4% . 303-0B fH il 1
FeAf . LZY-103B fHil IR & F IR (LI e BRAX AR %
FAHRAT) ; HH-2 BURHIRACH T (VLI TR
SANAR) ) SHB-IIS JE MK X Z HE AR (B
WA R FRA ) 5 1J323BC HL T3 K
( BEEFREA A R A F] ) 5 303-0B HL BAHE iR
HIAE (HEDTIE Je E TRHA RA ) 5 P-1200 2
e (f5E Dstyson ZA#]) ; TC1000-G/S DNA 43
B [ RIS H XA (dEst) By A F]; H-
1650R W URESOHL (22 = R# AR ) 5 DNM-
9602 FEbR T (AL E I HEARARAF]) ; ¥
WA (5 Eppendorf 22 H]) 5 96 fLEARAR (74
Hose 2 EYRHECA R R ) 5 NP7000C B 25 i AR
I (LR DR R A IR A\ )5 YMC-
Pack ODS-A {A3E4: (10 mmx250 mm, 5 pum, H 2
YMC A7) ; 0.45 pm AL IES (L Gibeo 22
Al); Agilent DD2 600 MHz %@ L4RIEE (3£ H
Agilent 24 H)) ; micrOTOF-Q Il B3I 25 & AT i i) Joi i
I (Z£[H Bruker Daltonics 23 #] ) .

1.2 XA @R Sephadex LH-20 £EJE
(H DL TAHRAR ) ; RARMHAE (dEat
AR REARAR); CROBE (Mg,
ZIHPERRGRAE T ) 5 Wl (@ikal, KA
BHERLF AT RN R ) ; RNA i (3£ E Amresco 2
A]); PCR buffer, WM, Kl A5, IR,

Tris, Tap DNA R4, EDTA (3% Sigma A7) ;
75% ERWRS OBGHEWN TRHARAHR); HEE,
LMRCTR, AmEE, PIER (Tolkgk, ZHEIR 14
TAHRAF]D)
1.3 MAHEEAN HYRATNERET, £
MNP T R ARl f 5 TR 2= B A bR Bz 4 Ry
A G R T E L H A Taxus wallichiana var.
chinensis (Pilger) Florin, FEIEARASPRAFE T 220 EE T
KEpE bl 5 TRYE TR LR E (%
S 20200903whn-1 ), 2R fil 4 JJ W Fusarium
oxysporum WA F A6 3 AL 9 QB AL Wy H R WP 52 B (1%
5 BNCC336354)
1.4 348 PDA iR, A E R/ S48
BOVEVE, HIHz, FREL200 g, VIR A, A
1 000 mL 7K, & 20~30 min, )G H 8 244
ik, MK ERE 1000 mL, H 300 mL, &
T 500 mL H#EJEIRH, A 6~7 ¢ FZIFE . 8 ¢ il
¥y, G EZERKE 30 min, JEEEFEZE 55 C
ZEABHMAGE RS R (50 we/mL) FlE 5 %
(15 g/L) VUBjIEgE TS 3, AR, 2
HEE, BAE

FKKFFRIE . ¥ 80 ¢ KOKE T 500 mL ke
R, 200 mL K, 5 R ZE VRCK B K 30 min,
IS
2 Fik
2.1 AAARAS>®E BEHEHEIGEER, T
RKIEVE T ¥, FHAR, 22X oy b, A
75% KGR R TN (R KT 60 s, 25|
M AEFROIAS K 35 s), FATGH/KIEYE 1 min,
A 0. 1% HgCl, %W hiH # (M ERALIH EE 80 s,
2K M BTN 35 s), FHHICHE AKEE 1
min, JCRIEANHR T /K>, FHHREG UM, 25, I
A PDA i3 Herh ) 28 ClHIRIE 3% 3 d, A%
B2 APAT IR, — 4GS 3 R Y 2R 1H Y
ZEIRIK 100 wL, ¥I500 A 25 1 PDA Kyt I
T — AT I BRI R YT B AR A 2 B
AZSH PDA Jigidt b, 28 CHHIEF % 3 d, Rk
) 2H 2R ] (L2 5 A T 7 A R K W 3 T 2 1
W, VAL AR I TR A AR LT,
)5 IR0 T B 75% RS HEATIE AR, B ks Ao
MIZPaTE s, WA S AL 20 PDA Kk, &
HAVIHE R AWK, FH D R 22 HHFh
WPk, FPPAR R SRR B i R b, RIS
22 KM ERIR RIS B0 A W SRR B
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R A —RERE, ZWRAEERIEH,

2.2 NAEARASTFEET S HRNAE DNA $2HL
KITS JFH ) PCR &3 | 77 Wy 4l A6 Al 75 249 iy 1
I — BB A R A BR A R S8 A, U 420
TR DNA SEF 78O e, Hodr, PCR 374
BYIE 1] 51 %1 & TCCGTAGGTGAACC TGCGG, X ]
51#)°4 TCCTCCGCTTATTGATATGC

2.3 ARELHRR JHEMEPREUD R R 2G-G-5
P22, M FAORKESREE, T 28 CHEE TR
Kige 40 d, L1000, $ERGHR)E, MO R
WOETE =1, W48 Bk L0 M), 45 AH N 507 12
206 g,

24 REBRMEHH B LRIBEMOUIRT
(206 g) L RALMEHSES, LLCEE-7K (0 100~
90 : 10) FREEVENL, 195 Fr. A~Fr. E,

Fr. A (14.0 g) ZRERAE 5B, DL f5-H Bz
(50 : 1~1:1) BFEEVERL, 3EMEAY1 (300 mg)
I Fr. A-1~Fr. A2, Fr. A-1 (1.5 g) ZRERAE 2>
B DA -EE (100 0 1~1: 1) BREEVEML, 1%
AW 2 (7T mg); Fr.A2 (3.1 g) SRR
B ODVED-HEE (50 1~1: 1) BREFVEML, 153
AW 3 (20 mg), Fr.B (15 g) ZRERAE/E,
DI - (100 : 1~1: 1) BREEVRME, 453
Fr.B-1~Fr. B-3, Fr.B-2 (4.5 g) ZRERAE /35,

LGS -FEE (50 : 1~1: 1) BREEVEME, f381iLA
¥4 (8 mg); Fr.B-3 (2.0 g) SRS E, U
Ah-EE (30 1~1:1) BREVEN, H3akaYw
5(5mg). 6 (10 mg), Fr.C (24 g) &R
B OLVED-HEE (80 1~1: 1) BEEFVEML, 153
E& % 7 (30 mg) Fl Fr.C-1 ~ Fr.C-3, Fr.C-1
(3.0 g) &rEfAE B, DIAD-HEE (50 @ 1~
1:1) BREEVENL, 265 8 (13 mg); Fr.C-2
(2.8 g) ZrEMekEsrEs, DIGED-HEE (100 @ 1~
1:1) BREEUENE, HEEEY 9 (30 mg); Fr.C-3
(4.5 ¢) SRERAM B, UIED-HFE (80 1~
1:1) BREEVENL, fHEMEAH 10 (14 mg) | 11 (18
mg), Fr.D (22.0 g) LREMCHEE, DAGEG-T B
(50: 1~1:1) BN, B3LEY 12 (13
mg) , 13 (1 mg),
2.5 PI3K &l e
2.6 HBEER —BiEg 1
E{FSI I8

2.7 RRIHEITE (Fusarium oxysporum) K&
Mg SHRSCER [8] HiRiA.

3 &R

3.1 AA®sH Lo s thINERRE (R
1), RFETEEE 2G-G-5 BILAFRAE WLIE 1,

2 WA R ARaE
Ml E ZMCHk [7]

x1 SHANLEEELERBEEMKER (¥2s, n=3)

Tab.1 Identification and activities test results of 8 endophytic fungi (x+s, n=3)

. - ConBonk B3 PI3K #il %/ % PDE #Iil%/% MIC/(mg-mL™")
(1 mg/ml) (0.1 mg/mL) (JHBHR T
7G-G-2 Aspergillus westerdijkiae 0K323252 -8.90+0. 52 0.27+0. 45 >5.00+0. 03
7G-G-3 Aspergillus fumigatus OM866153 12.21+0. 54 15. 66+0. 41 >5.00+0. 05
7G-G-4 Aspergillus sp. — 11. 70+0. 62 — >5.00+0. 04
7G-G-5 Gongronella butlert OM866008 97.22+0. 36 22.35+0. 65 >5.00+0. 05
7G-J-2 Phoma sp 0K323248 -7.32x0.43 — >5.00+0. 02
7G-J-4 Aspergillus flavus 0K323249 13.93+0. 58 1.69+0. 71 2.50+0. 04
ZG-J-5 Aspergillus fumigatus 0K323250 8.82+0.78 4.69+0. 58 >5.00+0. 03
7G-Y-2 Penicillium chrysogenum 0K323251 53.93+0. 50 31.03+0. 32 (2.50~5.00) +0. 02

. —HNARIESE GeneBank B4,
N =]

a — ; b

TE: a NTE PDA DIMEETEIEAS, b Ao ERFIRIR (x400),
El1 ZG-G-5 HFAFEHHE
Fig.1 Morphological characteristics of ZG-G-5
3326

3.2 WAPER M 8 BREE MY ITS ¥ 45 R 53
& NCBI 2dfa )7 it AT7E 48 BLAST X H, N2
JEE R 10 BRI AT 51, R MAGE 7. 0 Hff it
1279 BT RGBS, 3 FT R At AL
KFR, JPHIMLLEEAE 98% LA b vl ik & R — & 1
R, SIS RMEAT Y E . SR, 8 R
B M B R (Aspergillus ) . T ERIE % &
( Gongronella ) . 25 J5 % J& ( Phoma) H17F % )&
( Penicillium) H.H, W1,
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3.3 REMEKZG-G-5 %% 1E PDA Bi3R3t ||
Wk ZG-G-5 i R v, W%k, %R
PRk, 1 R RMEAE N A, BT
M, ZG-G-5 AN — a2, 454 TS 7
FIXF He, % E Wbk Z2G-G-5 Ky 9P JE i Bk 3T &
Gongronella butleri, . ITS FFF|E#E38 GeneBank %%
I, BSES OM866008,,

3.4 AdpiEhr S5RUER 1, HRUILATE, WK ZG-
G-5 iR th A B 0 BT PIBK W M, HIC, R
(0.17£0.05) pg/mL, {HATA BT R - BREE 1
(PDE1) | ZFt15k 7 pa S A R i WY S A0 06 Pk
3.5 #imkr

&Y 1. e, ESI-MS m/z: 181.079 0
[M-H]*,'H-NMR (600 MHz, DMSO-d,) &: 4.38
(2H, d, J=5.5 Hz, 3, 4-OH), 4.29 (2H, t,
J=5.7Hz, 2, 5-0H), 4.10 (2H, d, J=7.1 Hz,
1, 6-OH), 3.58 (2H, ddd, J=10.9, 5.6, 3.5
Hz, H-la, 6a), (2H, t, J= 7.7 Hz, H-1b,
6b), 3.42 (2H, dt, J=8.9, 5.8, 3.5 Hz, H-
2a, 5a), 3.35 (2H, dd, J=11.2, 5.8 Hz, H-
3a, 4a) ;" C-NMR (150 MHz, DMSO-d,) &: 71.7
(C-3, 4), 70.1 (C-2, 5), 64.2 (C-1, 6), LI I
B 5 ocmk (9] Wi EA -, WMEEN
galactitol ,

&Y 2, Ok AR, ESI-MS m/z: 239.319 0
[M-H]*,'H-NMR (600 MHz, CDCl,) §&: 8.09
(1H, s, H-5), 4.26 (2H, dd, J=7.2, 5.7 Hz,
H-1"), 1.72 (1H, d, J=6.2 Hz, H-2'), 1.45
(2H, dd, J=7.1, 3.7 Hz, H-3'), 1.39 (2H,
d, J=8.1, 4.4Hz, H-4"), 1.32 (2H, d, J=4.0
Hz, H-5'), 1.43~1.45 (2H, m, H-1"), 1.45~
1.47 (2H, m, H-2"), 1.25 (2H, s, H-3"),
0.96 (3H, t, J=5.3 Hz, H-3"), 0.90 (3H, t,
J=7.5 Hz, H-6");”C-NMR (150 MHz, CDCl,) §:
166.1 (C-6), 134.4 (C-4), 129.6 (C-5), 67.9
(C-1"), 39.0 (C-2"), 32.0 (C-1"), 30.7 (C-
3'), 29.8 (C-4'), 24.1 (C-2"), 23.1 (C-5'),
14.2 (C-6'), 11.2 (C-3"), i % ¥ 5 ik
[10] fRIEEEA—F, BEEEN (R) -2-WHECH-
2H-1, 2, 3-=Mh-4-FRIRMS

&Y 3. HEMIA, ESI-MS m/z: 142.026 6
[M-H]*,'"H-NMR (600 MHz, D,0) §: 8.15 (1H,
d, J=2.5 Hz, H6), 802 (1H, dd, J=9.6,
2.5 Hz, H4), 6.52 (1H, d, J=9.6 Hz, H-

3);”C-NMR (150 MHz, D,0) &: 113.1 (C-3),
121.3 (C-5), 165.7 (C-7), 164.8 (C-2), 143.3
(C-6), 139.9 (C-4), 121.3 (C-5), 113.1 (C-
3). VL EBUR S Scmk [11] A 3, dik
%E M kojic acid,

& 4. HOFEE, ESI-MS m/z: 138.026 9
[ M-H]*,'H-NMR (600 MHz, CD,0D) &: 8.15
(1H, d, J=2.5 Hz, H-6), 8.02 (1H, dd, J=
9.6, 2.5 Hz, H4), 6.52 (1H, d, J=9.6 Hz,
H-3);”C-NMR (150 MHz, CD,0D) &; 113.1 (C-
3), 121.3 (C-5), 165.7 (C-7), 164.8 (C-2),
143.3 (C-6), 139.9 (C-4), 121.3 (C-5), 113.1
(C-3), Dhb#dascmk [12] HoEIEAR—, &«
Y5 %€ A 6-hydroxynicotinic acid

& s, K@ik, ESI-MS m/z: 175.068 5
[M-H]*,'H-NMR (600 MHz, CDCl,) &: 6.52
(1H, d, J=9.0 Hz, H-2), 2.60 (1H, d, J=
15.6 Hz, H-3b), 2.48 (1H, d, J=15.5 Hz, H-
3b), 1.81 (1H, ¢, J=6.9 Hz, H-5), 1.23 (6H,
d, ] =6.9 Hz, H-6, 7); "C-NMR (150 MHz,
CDCL,) 8: 176.7 (C-1), 172.8 (C-4), 74.0 (C-
2), 42.8 (C-3), 37.6 (C-5), 17.8 (C-6), 17.1
(C-7), VAEBHES3CHR [13] RIEFA—2, i
YEN (S) - (=) -2-isopropyl malic acid,

&t 6. HEFE, ESI-MS m/z: 151.047 3
[M-H]",'"H-NMR (600 MHz, CD,0D) &§: 7.14~
7.04 (2H, d, J=7.3 Hz, H-2, 6), 6.73 (2H,
d, J=7.3 Hz, H-3, 5), 3.54 (2H, s, H-7);
BC-NMR (150 MHz, CD,OD) 6. 172.4 (C-8),
157.5 (C-4), 116.2 (C-3, 5), 126.3 (C-1),
131.3 (C-2, 6), 38.6 (C-7), VL % ¥ 5 SCmk
(14 ] # B8 & A — 5, W% & H 4
hydroxyphenylacetic acid,

WEY 7. EOMIK, ESI-MS m/z: 543.137 0
[ M-H]*,'H-NMR (600 MHz, CD,0D) &: 7.53
(2H, s, H-6, 6'), 7.14 (2H, s, H-8, 8'),
4.56 (2H, dd, J=5.5, 2.4 Hz, H-3, 3'), 3.50
(2H, s, H-4, 4’), 2.89 (2H, d, J=5.5Hz, H-
2, 2'), 2.47 (6H, s, H-15, 15");"C-NMR (150
MHz, CD,0D) &: 195.2 (C-13), 186.6 (C-13"),
183.4 (C-11'), 162.9 (C-9, 9'), 149.5 (C-7,
7'y, 137.8 ( C-14, 14"), 124.9 (C-8, 8'),
121.7 (C-6, 6'), 115.8 (C-10, 10'), 107.7 (C-
12'), 70.1 (C-3), 59.4 (C-3"), 58.1 (C-2"),
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49.8 (C-2), 22.0 (C-15, 15") . Vi %5 3cmk
[15] HREFEA—F, e N rugulosin A,

& 8. ik, ESI-MS m/z: 222.063 3
[M-H]*,'H-NMR (600 MHz, CD,0D) §: 8.06
(4H, d, J=8.0 Hz, H-1, 2, 13, 14), 7.44
(5H, d, J=8.0 Hz, H-6~10);" C-NMR (150
MHz, CD,0D) &; 168.3 (C-4, 11), 143.1 (C-
5), 134.1 (C-3, 12), 133.6 (C-7, 9), 130.2
(C-1, 14), 127.9 (C-2, 6, 10, 13), 127.8 (C-
8)., DI ¥R Sk [16] Ml A -5, %
FE M N- (phenyl) phthalimide,

k&Y 9. @& W &Ik, ESI-MS m/z:
301.151 8 [ M-H]*,'"H-NMR (600 MHz, CDCIL,)
8. 7.16 (4H, d, J=8.6 Hz, H-4, 8, 4’ 8'),
6.86 (4H, d, J=8.6 Hz, H-5, 7, 5', 7'), 3.79
(6H, s, H-6, 6'), 3.48 (2H, m, H-1, 1'),
2.93 (4H, d, J=14.0 Hz, H-2, 2');" C-NMR
(150 MHz, CDCl,) 6. 158.3 (C-3), 132.9 (C-
6), 132.1 (C-5, 5", 7, 7'), 114.0 (C-4, 4',
8, 8), 77.1 (C-1, 1'), 38.3 (C-2, 2"), VI
e 5ok [17] HaEREA -2, BEEER (28,
3R) -1, 4-di (4-methoxyphenyl) -2, 3-butandiol,

& 10 35 @ AR IR, ESI-MS m/z:
277.151 8 [ M-H]*,'"H-NMR (600 MHz, CDCI,)
5. 8.01 (2H, dd, J=8.0, 3.6 Hz, H-3, 6),
7.82 (2H, dd, J=8.0, 8.2 Hz, H-4, 5), 4.61
(4H, t, J=6.7 Hz, H-8, 8'), 0.96 (6H, t, J=
6.4 Hz, H-11, 11’);"C-NMR (150 MHz, CDCI,)
8. 167.6 (C-7, 7'), 132.4 (C-3, 6), 130.9
(C-4, 5), 128.8 (C-1, 2), 65.5 (C-8, 8'),
30.6 (C-9, 9'), 19.2 (C-10, 10"), 13.7 (C-11,
1), VIEEE S50k (18] B FEAR—, %
Y5 A dibutyl phthalate

K& 1. T E B AR, ESI-MS m/z:
155.042 3 [M-H]","H-NMR (600 MHz, CDCL,)
8:7.94 (1H, s, H6), 6.50 (1H, s, H-3),
4.41 (2H, s, H-7), 3.35 (3H, s, H-5); “C-
NMR (150 MHz, CDCl,) 6: 168.0 (C-2), 110.7
(C-3), 172.8 (C-4), 147.9 (C-5), 139.0 (C-
6), 59.3 (C-7), 56.1 (5-OCH,) ., Lh %53
BRO[19] #eil A — 2, % ¥ N kojic acid
monomethyl ether,

&Y 12, Jo @ E W A IR, ESI-MS m/z:
342.2457 [M-H]*,'"H-NMR (600 MHz, D,0) &
3328

5.44 (1H, d, J=3.9 Hz, H-1), 4.23 (1H, d,
J=8.8 Hz, 3'-OH), 4.01 (1H, dd, J=3.3, 1.2
Hz, 4’-OH), 3.88~3.94 (1H, m, 5-OH), 3.90
(1H, dd, J=6.2, 2.2 Hz, 4-OH), 3.84 (2H, d,
J=3.1Hz, H-6'), 3.80 (1H, d, J=7.3 Hz, H-
6), 3.75 (1H, dd, J=3.2, 0.9 Hz, H-3), 3.68
(2H, s, H-1"), 3.58 (1H, dd, J=10.0, 4.0
Hz, H-2), 3.54 (1H, d, J=1.6 Hz, H-5);"C-
NMR (150 MHz, D,0) &: 61.5 (C-1'), 103.8
(C-2'), 76.5 (C-3"), 74.2 (C-4"), 81.5 (C-
5'), 62.5 (C-6'), 92.3 (C-1), 71.2 (C-2),
72.7 (C-3), 69.4 (C-4), 72.5 (C-5), 60.3 (C-
6). VL EBIRSSCHk [20] A A 5, ik
FE N R

b6 W 13, ¥ £ [E &, "H-NMR (600 MHz,
CDCl,) 6: 0.82 (3H, s), 2.04 (3H, s), 3.27
(3H, s), 3.50 (3H, s), 4.35 (1H, d, J=7.7
Hz), 6.00 (1H, dd, J=15.0, 8.2 Hz), 7.13
(1H, s), 8.60 (1H, dd, J=15.0, 8.2 Hz) ., fH
HFEKD (1 mg), RAEMRIAMESHEMW"C-
NMR #d, SR REXT A5 T2
3.6 PBBK #p#l &M @R 2 0TH, UELEY 13
R I BGRIPT PIBK i1, 7E 1 mg/mL BTk
THHEIERN (97.8+0.51)% , 1 HoAth 4k & ¥ o B

xR2 BHLEWH PBK EEHHIZE (xxs, n=3)

Tab.2 PI3K enzyme inhibition rates of various compounds

(xxs, n=3)
&Y 0%/ % & /%

1 — 8 —

2 48.21+0. 54 9 39.12+0. 86
3 15. 12£1. 45 10 11.01=1. 46
4 21.91+0. 49 11 —

5 — 12 —

6 — 13 97.80+0. 51
7 22.80+1.34

4 itig
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fb. Viw . vierdite, PiRGEZFEER ok,
HPNAER W Z g, sk EE AR der
A2 T. cuspidate PP EGFTF] 10 BRINAE E R, K
— R RS MR TR A2 B BE S A8 B Alternaria
alternata , H:J2 TEWARE YD XTIl 68 AS49 FN'Ey S50
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SIS 7/RRlE o/ T O I =/ SN (NP0 s Sl ES AN
R AE BT THFSE, Wu %2 2 B ML
W JE B & Perenniporia tephropora, Jf M5 E]—A~
HAT MR REPE 4% 5 AL 59 perenniporin A, {H
5k, R T ELL 2 N AR # T PI3K
YL PDE | HUEE T PEAGE
REEXPELGIMR . 25 WA AR R
AT e, ARG T 8 Bk, IR R T R ML
W G. butleri, %[5 SCHR & 8L H 7% HAF5E R D,
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