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[FE] HW: MRELEENEEE Penicillium oxalicum WV =¥, Ak NELEFETHF TP EER —HRNEE
T4 CLPOOL iz 18S rDNA fy TTS B[R )5 5 Lt %t 43 A % Fo A7 % 0, IF R DR A 8 8 35 52 9 T i A8 B R B 7 0, LA)E&EFIJFHﬁ
JiE , LH-20 %279 554 SR W EE I , 21 il 25 HPLC 25 Z2 Fp AT 0 1% 46 AR I 4 8 4l b, I MR 40 1k & 0 119 0 33 550 s A 34 Ak o i A7 25 1
Yo, BER ML CLP001 5 P. oxalicum (ARALPEILE] 99% |, [N b4 % %€ 4 P. oxalicum CLP0O1 U\V\]EEEﬁ?’iﬁ?r‘%Tﬁ
BEE T 10 ANA Y, A 0 W R ol =R (1), 1, 2-F iR ol R (2) , 1-BR B2 bR (3) B SR H iR (4) A
B2 (5) MR (6) , 22 A {5 B2 (7) , L-D-F] i fF) Bt - B 7 i PR R (8) , PR R HE (9) , R -T M 1R (10) . &5 Kbk B 1 ~4 LUK
8,10 K E R MNIZIE 4B 3,
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Metabolites from Endophytic Fungus Penicillium oxalicum of Malus halliana

GUO Qing-feng, CHEN Lin" , MA Jing-wei, KANG Wen-yi
(Huanghe Science and Technology University, Zhengzhou Key Laboratory of
Medicinal Resources Research, Zhengzhou 450063, China)

[ Abstract ] Objective: To study the metabolites from the endophytic fungus Penicillium oxalicum of Malus
halliana. Method: An endophytic fungus CLPOO1 was separated from the leaves of M. halliana and identified
through its 18SrDNA ITS sequence analysis. The fermentation products were obtained by liquid static culture
method, and further isolated and purified by silica gel, Sephadex LH-20 column chromatograghy and preparative
HPLC method, and their structures were identified through spectral data and physiochemical properties. Result;
The endophytic fungus CLP001 was identified as P. oxalicum CLPOO1 on basis of their similarity of 99% . Ten
compounds were isolated and identified as trilinolein (1), 1, 2-dilinolein (2), 1-monolinolein (3), monacetin
(4), palmitic acid (5), linoeic acid (6), ergosterol (7), 1-D-arabinitol-monolinoleate (8), uracil (9), and
(E) -butenedioic acid (10). Conclusion; Among them, compounds 1-4, 8 and 10 were isolated for the first time
from this genus.

[ Key words | endophytic fungi; Malus halliana; Penicillium oxalicum ; metabolites
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BACEE 2 AR B L 28 2 5 SRR AT 9 T B9
FAMAE 2o 25 FR A 0 oA A B 3 oMk, B
A TR0 A A ECRR RE 8 0 A A i AR R AL A
[ B A= 0 0 R W o, Ol A AR DR R AR R R AR
A5 4R A — PR R 1R AR AR R
75 I R I 2236 SRR L VR A2 B
ML Y Py, A LA o 7R TR P R A R
[f) 4% YT 3R 97 ok ol L 6 i PR 2R 4T 45
Gi BTSRRI BRI, A A R 2200 L
Lo A W3 P B BIF S 4R T A >, HUA A AT A A 4k 4R
WA SR T LR, KR
SCHRARE T A7 ¥ P A7 28 IR 7 R T AU 0 1Y
WFgE " AR SR U T Rl 2 R T 22 B R
G RN/ RN U S EN LD B/ O (B i 2

1 E4BFERNEEH Penicillium oxalicum B35 7=

MR BRSO 5, 2B N 2 AR W 0 N A T
TOEEE, M MGG T R ELZEFRERNER
BEGEUR, OF b WY e 22 0 e IR AR T G R R
AR s . ZWE IS T I 220 N AR B A
Y BIE 5 Y [R) i, Ry H i — 20 I e A B4 T B il
Bl , O 5 Ak S B 9T B8 G A AR S 5 0
SR T 3 22 0 SR B9 B BR Penicillium oxalicum
PEAT ARG = W R SE , N ar B S T 10 MBS
W, 43 50 R I R H IR =R (1), 1, 230 9 AR T
TER(2) -l R Tl R (3) , 5 £ R Tl e
(4) B (5) , AR (6) , 2 A i B (7) , 1-D-
BAT 7 A 2 - B I R 1 (8) , IR E (9) , e -T i —
M2 (10) . Hofbk&¥ 1 ~4 Ll 8,10 HRMNiZE
hor e, WKL,

OH 3
HOOC =z X
6
HOOC
5
[¢]
o
é“: o A,
OH N (¢] e}
4 9 10
A

HO

Fig.1 Metabolites from endophytic fungus Penicillium oxalicum of Malus halliana koehne

1 ##
1.1 {%£33L5F  Avanced IM %Y 400 MHz # #7335
ACCTAR =S W e AR P R A 9 5], TS SR AR
F Bk B AR A, D TR BE A 30 °C, Fii o Bruker 23
1), DSQ 1A IR HTAX (A0 L & 350V, 85 1 U
IEEE 280 C LB L 70 eV, HL ¥ 2% i 2 1R EI,
2 [H Thermo 73 7] ) , Calmflow plus % Lumtech ] £
Bk R g (A A 2K UV/VIS Ky I #%, 18 =
Lumtech 7 %] ), YMC-park % %] ODS-A ff, i f+
(10 mm x 250 mm,5 pm, ¥ 25 °C, 3 sh AH &% -
K ALt AR A BR 2w ), SHB-TT B4 26 7K X
Z L2 R M IR TS A BR A 7)) , N-1100D-
W RS Jie e 25 AR (7Rt PR A il bk =U 25 4t ) , DLSB
R UL v 006 P2 RN 1) 3 A 45 A7 BR A ) ), HE €
W RE B, GF o, (80 ~ 100,200 ~300 H , 7 &AL T
J7) kR H, LH-20 ¥2 Pk 4 5 M BE I ( Sephadex
.54 .

LH-20, fii+: GE Healthcare 4\ ] ) , Silica gel 60 ( 4 [
Merck 23w ) , 50 Ay 43 B 2 i € 33 4

L2 PEMCRELEE ZELW A RS2 AW MA
T 3 7 V0 R 2 A e P 22 00 S Y I e, T 220 O
FH VAT R R 2 v 24 B 5 0T 2 1B B O BT S O Dl 5 R
PE I T AR T 22 5% Malus halliana . 3% BBk 18S
rDNA A7 5w B Ko 72, OB 5 45 S 4 A NCBI g
KIZE, 15 3 17 BLAST [R] U8 X Lk 43 8, K BLE bR 5
P.oxalicum H. A5 Al Y5 PE, L WA B H X & R
P. oxalicum , 7 B Ak O 6 T v [ 80 80 35 57 ) £ i
O (558 4% 5 CCTCC M 2016675)

1.3 JigRdk  SDA Rife Bt (49 M 40 ¢, H H1 ik
10 g, 3tfl§ 20 g,7K 1 000 mL,pH H4X),SD K75k
(H%WE 40 ¢, F ¥R 10 g, 7K 1 000 mL,pH A4 ),
1.25 x 10’ Pa KB 20 min,

1.4 RResige MR R IER R SDA S Hi ik 57
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£ 1,20 ~25 C R R 5% 48 h, R TE AL A, B0
PR TR Pl 122 B0 2 SD 85 32 3 #E 120 remin ™', 20 C
AR FRIRKE IR 48 h 450 1, Fh W 3EFR 5] SD
Figw 5L, b MR IR B R SD KR 9% R LY
1.5% 78 20 C 4N, #5855 9% 20 d 19 & B
10 L,
2 AN E

W 2 % VRV At 8 A ) TR 2 A R R, B VR
TR TR A WL, U R 4 IR U 20 TR 2 TR AR R
1 g W2 IRTE 40 CHHE T E & O LR R
12 h, i8It 4k s O 1R O B 75 2 4 2 IR, A OE R
PO W E R AR E T 5 oo W LMY
4 £ Sephadex LH-20 ¥ o HE € 35% , LL — & H be-
B (1:1) M s M VeI, 22 TLC K I & )F 5 15 5 6
A (Fr.l ~Fr.6) . Fr.1 (2 g) ZRE 6%
B A EE- IR (10021 ~ 10+ 1) 86 B2 358 i 45 31 2H 43
Fr.1-1 ~Fr. 13, Hd Fr. 12 &R 63855, 470
fik-PN R (50: 1) 13444 1 (1050 mg) ,Fr. 1-3 &%
AR B E W 2 (5 mg) . Fr.2 (200 mg)
B 03 2 B, D U R e R e R R, 4R 5 T
LEBASIE G 6 (90 mg) . Fr.3 (823 mg) &Rk HE
g e, LA W - H B2 (10021 ~10: 1) 45 %) 5
AN 4 Fr. 3-1 ~ Fr. 35, Hodr Fr. 322 &8t KA
Sephadex LH-20 5 H Le-H B2 (1: 1) 13245 7
(23 mg), Fr. 34 2 HPLC #l & B 581k &9 3
(7 mg), Fr. 3-5 2 HPLC il % 15 2l /b & % 8
(14mg) . Fr.4 (228 mg) ZHEREK: (18 2 & v i1
RGPS (100 mg) . Fr.5 (790 mg) Z8fk Bt (0%
SrE, L AP e-HTEE (1000 1 ~ 102 1) 15 3] 20 43
Fr.5-1 ~ Fr. 54, Hrh Fr. 5-3 22 5 6B F: @35 15
LA 4 (200 mg) , Fr.6 (960 mg) 26k i Ak (43
PR 43 Fr. 6-1 ~ Fr. 6-5, 2 Fr. 6-3 258 e b 0
it Sephadex LH-20 ( F1 %) 194k 54 10 (32 mg) , Fr.
6-4 L8 BEHE (0 1 Sephadex LH-20 () 14L& 1

9 (18 mg),
3 HEHMEE
k& 1 T h ik ¥, EI-MS m/z 878

[M]*,"H-NMR (400 MHz, CDCL,)8:5.26 (1H, m,
H2),4.29(2H,dd,J =4.2,11.9 Hz, H-1a,3a),
4.14(2H,dd, J = 6.0,11.9 Hz, H-1b, 3b), 2.31
(6H,t,] =7.4 Hz,H2',2",2") 1. 61 (6H,m, H-3,
37.3") 5.31 ~5.41(12H,m,H-9',10",12",13",9",
10”,127,13”,9" 10" 12" 13") ,2.77(6H,m,H-11",
117,11") ,2.00 ~2.07 (12H,overlap, H-8",14", 8",

147,8",14"),1.22 ~ 1.40 (42H, overlap, 21 x
CH,),0.88(9H,t,J =6.7 Hz,H-18",18",18") , "C-
NMR (100 MHz,CDCl, )5: 68.9 (C-1,3),62.1(C-
2),173.1(C -1",1"),172.7 (C-1") ,34.1 ( C-=2",
2"),33.9(C=2"),24.8(C-3",3",3"),29.0 ~29.7
(C4" ~7",4" ~7" 4" ~7" 15" ,15",15") ,27.2( C-
8',8”,8”,14",14" 14") ,130.1(C-9",9",9") ,127.8
(C-10",10",10") ,25.6 (C-11",11",11") ,128. 1 ( C-
127,12",12™) ,129.9( C-13",13",13") ,31.9( C-16',
16”,16") ,22.6(C-17",17',17") ,14.0( C-18",18",
18") o LA b 8dls 5 STk [ 13 ] xf BEEE A — 2, iz fk
B W 55 Ry W R T = .

& 2 Tk, EI-MS m/z 616
[M]*_,"H-NMR (400 MHz,CDCl,)8:4. 14(2H ,br t,
J=4.4 Hz,H-1) ,4.24(1H,m,H-2),3.69(1H,dd,
J=11.3,2.9 Hz,H-3a),3.59(1H,dd,J=11.3,2.9
Hz,H-3b),2.33(4H,t,J =7.6 Hz,H-2",2"),1.61
(4H,br s, H-3",3") ,2.04 (8H,t,J =6.7 Hz, H-8',
14',8",14") ,5.46 ~5.59 (8H,m,H-9",9",10",10",
12',12",13",13") ,2.90(2H ,br s ,H-11") ,2. 78 (2H,
brs,H-11") ,1.29 ~1.24(28H ,br s,14 x CH,) ,0. 86
(6H,t,J=6.5 Hz,H-18",18") , “"C-NMR (100 MHz,
CDC1,)8:65.1(C-1),70.2(C-2),63.3(C-3),174.3
(C-1"),174.2 (C-1") ,34.1(C=2",2"),24.7(C-3",
37),29.2 ~28.6 (C4' ~8' 4" ~8" 14,15, 14",
15"),134.5 (C-9'),134.3 (C-9"), 127.9 (C-10") ,
127.7 (C-10"),25.6 (C-11", 11") , 127.3 (C-12"),
127.2(C-12"),134.1(C-13") ,133.9( C-13"),31.4
(C-16",16"),22.5(C-17",17") ,14.0( C-18",18") ,
DL s 5 S0mk [ 14 ) % IR A — 30, Boztb G %
FE 1 2- 9 R H Il R .

& 3 kY, EI-MS m/z 354
[M]*,"H-NMR (400 MHz,CDCl,)8:2.34(2H,t,J] =
7.6 Hz,H-2),1.64(2H,br s, H-3) ,2.04(4H,m, H-
8,14),5.33 ~5.39(4H, m, H9,10,12,13),2.77
(2H,m,H,-11),1.26 ~1.32(14H,br s,7 x CH, ),
0.89(3H,t,J =6.8 Hz,H-18) ,4. 16 (2H, m,H-1") ,
“C-NMR (100 MHz,CDCl,)8:174.3(C-1),34.1(C-
2),24.9(C-3),130.2(C-9),128.1(C-10),25.6( C-
11),127.9(C-12),130.0(C-13) ,31.5(C-16) ,22.6
(C-17),14.0 (C-18),65.2 (C-1"),70.3 (C-2"),
63.4(C-3"), DL &R 5 SCHR [ 14 ] 0 BEE A — 3,
HOZAC G P 258 Sy 1-H 0 R H b g o

& 4 @k W, EI-MS m/z 134
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[M]*,'"H-NMR (400 MHz, CDCl,)&:4.18 (2H, m,
H-3),3.94(H,m,H-4),3.71(2H,dd, J =3.4 Hz,
11.5,H-5a),3.61 (2H,dd, H-5b),2. 11 (3H, s, H-
1),2.60 (2H, br s, OH), "C-NMR ( 100 MHz,
CDC1;)8:19.3(C-1),171.5(C-2),69.7(C-3) ,65.3
(C4),62.6(C-5), VU LEHES SCHR 15 ] % B A
— B, BOZA G Y % TR H R

k&S BAEgi, mp 60 ~61.5 C,EI-MS
m/z 256 [M] " _,'"H-NMR (400 MHz, CDCI,)§:2. 34
(2H,t,J =7.6 Hz,H2),1.63(2H, m, H-3) ,1.26
(24H,br s, H4 ~15),0.88 (3H,t,J =6.8 Hz, H-
16), “C-NMR (100 MHz, CDCl,) §:179.7 (C-1),
34.0(C-2),31.9(C-3),29.1 ~29.7(10C,C4 ~ C-
13),24.7(C-14),22.7(C-15) ,14.1(C-16), VI I
Bl 5 SCHR [ 16 X RRIE A — 30, HOztb B WL E R

k&% 6 TGl ik ¥, EI-MS m/z 280
[M]*,"H-NMR (400 MHz, CDCl,) §:2.33 ~ 2.37
(2H,t,/=7.5 Hz,H-2) ,1.63(2H,m,H-3) ,1.25 ~
1.31(14H, m,H4 ~7,15 ~17),2.02 ~2.07 (4H,
m,H-8,14),5.30 ~5.41(4H,m,H-9,10,12,13),
2.76 ~2.81(2H,m,H-11),0.87(3H,t,J =6.0 Hz,
H-18), "C-NMR(100 MHz,CDCl,)6:178.9(C-1),
33.9(C-2),24.7(C-3),29.0 ~29.8(C4 ~7,15),
27.2(C-8,14),130.2(C-9),128.1(C-10) ,25. 6 ( C-
11),127.9(C-12),130.0(C-13) ,31.5(C-16) ,22.6
(C-17),14.0(C-18) . LA b %fs 5 STk [ 17 ] %) g Ak
AR —F, oz A G W 258 TR .

WwEY T HME S, mp 158 ~ 160 °C, EI-MS
m/z 396 [ M] " '"H-NMR (400 MHz, CDCL,) §:1.03
(3H,d,J =6.5 Hz),0.94(3H,s),0.92(3H,d,J =
6.8 Hz) ,0.81(3H,d,J =6.4 Hz) ,0.84(3H,d,J =
6.4 Hz),0.63 (3H,s),3.64(1H,m),5.39(1H,br
$),5.57(1H,br s),5.20(2H, m), “C-NMR (100
MHz,CDCl, ) 5:38.4(C-1),32.0(C-2),70.5(C-3),
40.8(C-4),139.8(C-5),119.6(C-6),116.3(C-7),
141.4(C-8),46.3(C-9),37.0(C-10) ,21. 1(C-11) ,
39.1(C-12),42.8 (C-13),54.6 (C-14),23.0 ( C-
15),28.3(C-16),55.7(C-17),12.1(C-18),16.3
(C-19),40.4 (C20),21.1(C-21),135.5(C-=22),
132.0(C23),42.8(C-24),33.1(C-25),20.0(C-
26),19.7(C27),17.6(C-28), DL I ¥ ¥ 5 Sk
[18 ] i X B A — 3, MOz tb & e WL M
Y

- 56 -

&S HEK A, mp 100 ~ 102 °C, EI-MS
m/z 414 [ M ] " ,'"H-NMR (400 MHz, DMSO-d, ) §:
3.97(1H,dd,J=10.8,5.6 Hz,H-1a) ,4.01(1H,dd,
J=10.8,7.4 Hz,H-1b),3.88 (1H, m, H-2),3.24
(IH,m,H-3),3.39(1H,dd, J =11.2,5.1 Hz, H-
5a),3.47(1H,m,H4),3.59(1H,dd,J =11.2 Hgz,
3.4 ,H-5b),2.02(4H,m,H-8',14") ;2. 28(2H,t,J =
7.4 Hz,H-2"),1.51 (2H, m,H-3"),1.26 ~1.28(10
H,m,H4',5",6",16",17"),1.28 ~1.34(4H,m, H-
7',15'),5.31 ~5.34(4H, m,H9' ,H-10",H-12", H-
13'),2.74(2H, m,H-11") ,0. 86 (3H,t,J =7.2 Hz,
H-18") , “C-NMR (100 MHz, DMSO-d,) 8:63.7 ( C-
1),67.5(C-2),70.8(C-3),71.2(C-4) ,65.9(C-5) ,
173.0(C-1"),33.7(C2") ,24.6(C-3"),28.6 ~31.0
(C4',C5",C6",C-7",C-15",C-16") ,26.8(C-8', C-
14'),127.9,129.9(C-9',C-10",C-12",C-13") ,25. 4
(C-11"),22.1(C-17") ,14.1(C-18") . VI FHIRE S
SCHRL 19 X BREE A — 30, SOz k& W 285 O 1-D-Ff
o7 A1 - BV R T T

AW HEKAK, mp 183 ~ 186 °C , ES-MS
m/z 112 [ M] " ,'H-NMR (400 MHz, DMSO-d, ) §:
11.00 (1H, s, 3-NH), 10.80 (1H, s, 1-NH), 5. 44
(1H,d,J=7.6 Hz,H-5),7.38(1H,d,J =7. 6 Hz, H-
6), "C-NMR(100 MHz, DMSO-d,)5:152.0(C-2),
164.8(C-4),100.7(C-5),142.6 (C-6), LI I % ¥
5 SCHR[20 ] iz xf IBEEA — 30, SOtk B W XN
PR BE

&P 10 [k AR, mp 301 ~302 °C,EI-MS
m/z 116[M] " _,'"H-NMR (400 MHz,CD,0D)§:6. 76
(s),5.20(br s), “C-NMR (100 MHz, CD,0D) §:
168.2(C-1,4),135.3(C-2,3), VL b %5 3k
(21 ) e B BEA — B, Mz tb W EE NIRRT
—m,

4 itig

AW T M 221G N A B P oxalicum 11
TR =W, FZE RS R e Wi R 2 A0 G W, 3 b T R
VAT 2 55 1 535 1 3 2 22 16 S 0 9 TR 5 M i o0 A
G o WS & BT 22 1 5 N A B0 AR R R
T 0B T TR T i R B L Y B m R, H A s Al ik
20% , AT RE 5 N A LT E S IR 0 O UL SRR Y
Wi B A O WM R 3 2 L H e e XA 7E
S 2 N AR B AR Y. W R —
/NS YN RS = g = S (111 [N 1 =N
IR A2 SR PR A 7 P 78 B A R 257l B A



235 17T
2017 49 H

[l S5 56 77 7

Chinese Journal of Experimental Traditional Medical Formulae

K3
FHE

Vol. 23 ,No. 17
Sep. ,2017

TETE B9 T 3 T M . T 22 9 55N R BT P
oxalicum WO AR 7 B0, HOHAR BOT % 1 5 5
11 AR LB AT HR S P B R i BAT T R I
TR Tl A Az 7 i v 7 15 1

[1]

[4]

[5]

[7]

[8]

[9]

[10]

(&% k]

TAN R X, ZOU W X. Endophytes: a rich source of
functional metabolites[ J|. Nat Prod Rep,2001,18(4) .
448-459.

Debbab A, Aly A H, Edradaebel R A, et al. Bioactive
secondary metabolites from the endophytic fungus
Chaetomium sp. isolated from Salvia officinalis growing
in Morocco[ J]. Biotechnol Agron Soc Environ,2009,13
(2):229-234.

E— 2 | B, 25 S N A B Pestalotiopsis
uvicola GMH31 [ H4 J F 7= W 9 4> 5 s [T]. KRR
FEMESE 5% ,2016,28(11) :1732-1735,1757.
T, R LW a S, 4. BT L 0 0 B 2K
MUK E A Ry A s ot [T 2y ek,
2016,41(12) :2208-2212.

SEMG T MR B, B S 24 S R R A 5 R
HATREFE (] KRR 052 5 JF & ,2010,22(6) :
1036-1039,1092.

Tt WD e e, . LG T o N T
B [T ] i E S50 5 ) ¥ 2k ki ,2014,20(4)
84-86.

LR IR, B ), 5. I 220 P AL TR M BT
FLI]. RE=Y %R S5 H &, 2013,25 (12):
1748-1751.

Ik TG, A, A5 2 22 i S IR VA T R 4y
Brld]. w5256 7 7] 2 2% & ,2014,20(20) - 100-103.
RERR AN, X S, 2 05 B, 4. PR D B T IO -
RO (0335 5 () I 000 e 22 35 5% 0 P B AR B
HA 3R A (] P E 22 ,2016,41
(11) :2131-2136.

BAO J,SUN Y L,ZHANG X Y, et al. Antifouling and

antibacterial polyketides from marine gorgonian coral-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

associated fungus Penicillium sp. SCSGAF0023 [ ]]. ]

Antibiot,2013,66(4) :219-223.

ZHANG P,LI X M,LIU H,et al. Two new alkaloidsf rom

Penicillium oxalicum EN-201, an endophytic fungus

derived from the marine mangrove plant Rhizophora

stylosa[ J]. Phytochem Lett,2015, 2015(13) :160-164.

LI X,LI X M,ZHANG P,et al. A new phenolic enamide

and a new meroterpenoid from marine alga-derived

endophytic fungus Penicillium oxalicum EN-290[J]. J

Asian Nat Prod Res,2015,17(12) :1-9.

Fierro R S D,Maquilang Q M A, Sanjorjo R A S, et al.

Secondary metabolites from Cinnamomum cebuense[ J].]J

Med Plants Res,2012,6(11) :2146-2149.

B L, JE R ok, A IRAE TR RS T AR 254k

TR [T]. KRB 5 F % ,2013,25(3) :

333-337.

Davidl C,Karle V,Josepha L. Acyl migration kinetics of

2-monoacyl glycerols from soybean oil via ' H-NMR[J].

J Amer Oil Chem Soc,2007,84(4) .343-348.

Ml AR, TS, S = A Ak 2 a0 B HA

SMTUMR TS PEDT ST [T ] P [ 252 2% 35, 2015,50(8) -

658-663.

PN B, TN, R, 45 A0 R IR ¥ Ak 25 4 TF 50

[J]. P2 4 ,2015,50(14) :1186-1189.

BHEE ARG , AR, A5 a8 KR BR Ak 2 A3 B TF Y

[J]. P EL25,2016,47(8) .1278-1281.

Miyazawa M, Takahashi T, Horibe I, et al. Two new

aromatic compounds and a new D-arabinitolester from

the mushroom Hericium erinaceum [ J ]. Tetrahedron,

2012,68(7) :2007-2010.

BRI R B AR, A T R AL A R B

[J]. "hgh#tr,2016,39(9) :2013-2015.

S S A BT R O T O (2

SR WESE T ] v ¥ v 254 ,2002,21(6) < 11-15.
[REHE MEM]

- 57 -



