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Isolation of Secondary Metabolites of Endophytic Fungus Penicillium griseofulvum

from Astragalus membranaceus var. mongholicus and Identification of Strain
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( College of Life Science and Agronomy, Applied Biotechnology Institute,
Datong University, Datong 037009, China)

[ Abstract ] Objective: To study the secondary metabolites from endophytic fungus of Astragalus
membranaceus. Method; The compounds were isolated by repeated silica gel column chromatography combined
with Sephadex LH-20 gel chromatography and identified on the basis of physic-chemical constants and spectral
analysis. Result: Eight compounds were obtained and elucidated as 23-methylergosta-7, 22-diene-38, Sa, 6a-
triol (1), 5a, 8a-epidioxy-ergosta-6, 9 (11), 22-trien-38-0l (2), cyclotryprostatins A (3), cyclotryprostatins
C (4), trypacidin (5), monomethylsulochrin (6 ), fumiquinazoline D (7 ) and fumiquinazoline J (8).
Conclusion; The eight compounds were obtained from the endophytic fungus of Astragalus membranaceus for the
first time.
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WEEET . P ELTA (endophytic fungi) J& 5 5 4 78 1
A S Y — i B Bl A T B B4R T T AR 1
T SURER B R B, # B i 18 EAE AN R
R ANERGAE , AT 38 5 2H 2 T 12 B ™A% 2 T B Y
HYHL o, HE BRI — K E 5 U™
AR T A W ok IR, AR P W e HU B PR AL
EA A AR T R TR R A B
PR — F B0 TR N AR LR AT, B2
FE 1L BT S A0 AR A 1 it 2 Y N AR LT Ay A F 6
ANV G W, O HLax 2 AR LR 09 AR ) s
TARGFRIEYTEE o X BRI 5T & DL 28 & 4k
TRABIEFEE L8 P A T A O A A ™ W, AR F 5T
PL—#k 3 8 1 18 1L B AR B Y N AR ELBR Penicillium
griseofulvum JWFFER G, W H K BE =4 vh 73 513 21 8
AN AACE =Y, 43 5 9 23-methylergosta-7 ,22-diene-
38,5a,6a-triol (1) ,5a, 8a-epidioxy-ergosta-6,9 (11),
22-trien-3B-0ol  ( 2 ), cyclotryprostatins A ( 3 ),
cyclotryprostatins  C (4 ), (5),
monomethylsulochrin ( 6 ), fumiquinazoline D (7 )
fumiquinazoline J(8) . SCHFHRIE 1 1% M AE FLER I ™
I o3 BRI Z5 40 M08 B R AR o 8 0, A9 58 3
TR LI RN AR LR AT ST, k2B T R R R
LB RN A LR BEOE T — i B kil

1 ##

JEOL SX102A I ESI-MS & iYL ( H 4 By 7 ¥k
&4t) , ADVANCE 2Y # i 2§ {X 400 MHz (1& [
i & 3 24 W), TMS AE R AR ) |, Fisher-Johns B4 m %
CRBIE, JE 5t B OE A ER T ) o K SR 3R A
PDA [fi] {55 77 BE ARG IQ WM 8% 77 ik (S B IC ) o
SDO13 AUAE {4 3% HI Ak 5 (200 ~ 300 H , 7 &5 1k
T RA A BR A7) , Sephadex LH-20 7 %3 7 e 4 58 H
S (22 3 VYA w0y A R 2 W) ), oAt 1t )
B o B4l
2 HNEHEHRENSH

XF R [ L7 AR b L B 3 A L B R (R
[F) o2 A i 2 g ) R 452 M 5 Oy K2 A ) IS o
B Astragalus membranaceus) WM R BEAT T WA H
(953 B A B bR ARO9, 28 =1k S o5 A= ) I 245 BT 52
(dbm0) A BRA AP, Y€ R P. griseofulvum . %M
A LT TR R I DR A T LU PG R TR] R 2 18 P A R
W o
3 NEEENERE

Fe Bk ARO9 $EFH T PDA -4z | ,27 CHEFE
I, INER 2 RIT AR 10 5% A KO8 25 A WL B R R 4R LA

.26 -

trypacidin

R AR A OO s R 3R W3R 1, RO 1
RERY Z3 BOR B0 A TR B 55 1 0. [W] IS, ARO9 #%
B PDA P b 1SR 10 ~ 15 d 5, BN 2R LB
AT K A% 4 B TR 22 Bk W0 K T 22 e
JE OB AR, P JH CTAB ¥5 R 2 N 4 T DNA,
1% BN M 058 JC P, KRS T JFG 4 32 P Do o A R . DA A
HeE KL P20 DNA S EA i o b il 514 1TS1(5'-
TAATACGACTCACTATAGGG-3") #1 T iif ITS4 (5'-
GGATCTCGACGCTCTCCCT-3") ¥4 18 S tDNA [y
oy DX, B A W aE RO (PCR) 97 39 K 50 10 x
PCR buffer 7.5 pL,2. 5 mmol+L "' dNTP 3 pL,ITSI 1
wL,ITS4 1 pL, 15 mmol - L™' MgClL, 3 pL, DNA
template 3 wL, Tag polymerase 0. 75 pnL,ddH,0 51. 75
pLo PCR B2 :94 C HiASHE 5 min; 94 C AR P 1
min;55 CiB 'k 0.5 min, 72 °C ZEf§ 1 min, 2 30
W) 72 CHE 10 min, PCR P48 58 = Hk L o
B OE T (AL at) A R /I s I AR A
() ITS F 41 i 5 Blast Ho %t , 2R FH 4B 4% % ( Neighbor-
Joining) #H R R M

ARO9 Az R, T 22 i i 5 18 7% S W0 3 o
@, B i ek, JRE <1 mm; RO SR B,
SR 2R, 22 90K, PO BRI W2 RIKZ R,
ARRZAZ, o0 A0 7 AR TR 5 <0, o3 A 4 1 O Bk
B 0 N R R I — P T A E,
2t PCR P19 J5 JA5 1Y 1TS J¥ 41K 612 bp, 1% )7 5
5 P. griseofulvum BJ ITS FF 5 [R5 99% (K 1,
2) LERTE A R A ITS F7 90 o0 A 25 51, 0 3
N A= BB R Bk AR09 X %€ P. griseofulvum

/& &

El1 AR09 EEWME
Fig.1 Colonial morphology of strain AR09

Strain AR09

99
n GQ305305.1/Penicillium griseofulvum
5

KJ158180.1/Penicillium dipodomyicola

DQ681343.1/Penicillium sp
AY373903.1/ Penicillium chrysogenum

HQ850906.1/Penicillium italicum
4 {:
EU833227.1/Penicillium vinaceum

9

GQ161752.1/ Penicillium dipodomyicola

B2 FEH AR BEEESMRAZRE SN
Fig.2 Colonial morphology and phylogenic analysis of strain AR09
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4 NEEEMNEZERAH~WIRIMSE

W v B PN 2B LT G B AP T ) 45 4F i) PDA B
IV b ,28 C L5 SR T d, TC B R AR RS 3R 1 Al
0.6 cm [N ETH E DF, #2002 & 400 mL 45 [QH
REEFIE 1 000 mL T2+ ,28 °C,150 remin '$%
IR BRI 12 d J5 .4 22010 0 B A5 T 22 Ak 19
UEWE , KU AE 60 CYA =3 LT, REHL
M2 CBRHEI S (3 L) , TS R TE 224K (55 C, 119
g) TV EEER I 3 (2 L), R W 4 32 O, 5 0F &
P < T e 44 VR0 R PP Ik A4 Y, B 1 5 7 B0 4 £ KL 42
P (60.4 g) o MR B & AE AT G, LR &
ik - FF A e O (R B L 43591 24 1::0,200¢ 1, 100:
1,50:1,20:1,10:1,5:1,2:1,1:1,0:1)435] 10 3%
gy Fro A-Jo Fr. B DL TR T FA il kA6 32 Wk e, 75
)12 484y sFr. B(1 ~12) ,sFr. B3 BRIk &k K HE
2,58 % I8 AN E i 4 Sephadex LH-20 4fifk, 15 2]k &
¥ 1(51 mg) Ffk&4 2(106 mg) ., Fr.D LLZ B2,

HsCQ HsCO
HsC o HsC 0
L ADoK o
ocH;© o ocH,0 0

OCH; OCH;
5 6

B3 EENEEE AR HREI=Y

Fig.3 Metabolites from strain AR09 of Astragalus membranaceus

e 1 Jofa ik ESI-MS m/z 445.4 [M +
H]*,'H-NMR (400 MHz, CDCl,)§: 4.08 (1H, m,
H-3), 3.61 (1H, d, J=4.8, H6), 5.37 (1H,
dd, J =4.8, 2.4, H-7), 0.61 (3H, s, H-18),
1.09 (3H, s, H-19), 0.99 (3H, d, J=6.6, H-
21),4.91 (1H, d, J=10.0, H-22), 0.83 (3H, d,
J=7.0, H26), 0.80 (3H, d, J=7.0, H27),
0.91 (3H, d, J=7.0, H-28), 1.49 (3H, s, H-
29), "C-NMR (100 MHz, CDCl,)8:32.7 (C-1),
30.8 (C-2), 67.8 (C-3), 39.3 (C4), 76.2 (C-
5),72.5(C-6), 115.0 (C-7), 143.7 (C-8), 43.8
(€C9),37.3 (C-10), 22.2 (C-11), 39.5 (C-12),
43.8 (C-13), 54.9 (C-14), 22.7 (C-15), 28.0
(C-16), 56.0 (C-17), 12.4 (C-18), 18.3 (C-
19),39.8 (C-20), 21.6 (C-21), 131.5 (C-22),

TS 0 Ay S T AR B2 VR B L 13 B 45 10 4S5 skFr. D( 1 ~
10) ,sFr. D2 FRCZE AE AT B 1% v, T+ 2L 54 3
(77 mg) FifL &9 4(69 mg) . Fr. E LI Z R Z R Al
A7 IR BE VR B0, A5 B 19 AR sFr. E(1 ~19),
sFr. B3 F U028 ik e A 60 335 8 B0 F1 B8 I A Sephadex
LH-20 #lifk , 74 2L &4 5 (27 mg) ML &9 6 (15
mg) , [FIFE, sFr. B7 P IR 2 5 AT €835 BE B, 75 24k
HY7(18 mg) FfLEH 8(34 mg) .
5 NEEEREFUNERETE

PR ARO9 535 £ 1y 8 AUy 28 5 i &
fik, 38 5 55 SRR T E B R BOHE LB, B e T 23-
methylergosta-7 ,22-diene-38,5a, 6a-triol (1) ,5a, 8a-
epidioxy-ergosta-6, 9 ( 11 ), 22-trien-38-0l ( 2 ),
cyclotryprostatins A (3 ), cyclotryprostatins C (4),
(5), (6),
fumiquinazoline D (7 ) Fll fumiquinazoline J(8) , %&#4
WK 3,

trypacidin monomethylsulochrin

135.2 (C-23), 43.6 (C-24), 33.7 (C-25), 19.7
(C26), 19.4 (C27), 17.2 (C-28), 13.4 (C-
29), DL b8 S okl 6 [ il i — B, B iz ik G
¥4 23-methylergosta-7 ,22-diene-38,5a ,6a-triol ,
&YW 2 HEJEIE KK, ESI-MS 1E m/z
427.3[M + H] " ,'"H-NMR (400 MHz, CDCl,) §:
4.01 (1H, m, H-3),6.28 (1H, d, J=8.8, H6),
6.60 (1H, d, J=8.2, H-7), 5.43 (1H, dd, J =
6.0,2.0, H-11), 0.75 (3H, s, H-18), 1.08 (3H,
s, H-19), 1.00 (1H, d, J =6.8, H21), 5.24
(1H, dd, J=15.2, 7.6, H-22), 5.13 (1H, dd,
J=15.1,8.0, H23), 0.83 (3H, d, J=6.8, H-
26),0.82 (3H, d, J=7.0, H27), 0.91 (3H, d,
J=7.0, H28), "C-NMR (100 MHz, CDCI,) §:
32.9 (C-1), 30.7 (C-2), 66.8 (C-3), 37.0 (C-
.27 .
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4),82.7 (C-5),135.3 (C-6), 130.7 (C-7), 78.9
(C8), 142.6 (C9), 37.8 (C-10), 119.7 (C-
11), 41.1 (C-12), 43.6 (C-13), 51.1 (C-14),
21.3 (C-15),28.0 (C-16), 56.5 (C-17), 13.1 (C-
18), 20.9 (C-19), 37.2 (C20), 24.3 (C-=21),
135.9 (C-22), 131.2 (C-23), 47.7 (C24), 31.8
(C-25), 19.8 (C26), 20.1 (C27), 17.2 (C-28),
Ph s 55Cuk 07 i my — 380, K8 b &9k
Sa,8a-epidioxy-ergosta-6,9(11) ,22-trien-38-ol,

a3 HE RS A, mp 110 ~ 112 °C,
ESI-MS m/z 380.2[M + H] * ,'H-NMR (400 MHz,
CDC1,)8: 7.93 (1H, s, H-1), 7.40 (1H, d, J =
8.0 Hz, H-4), 6.75 (1H, dd, J=8.0 Hz, 3.0 Hz,
H-5), 6.81 (1H, d, J=2.0 Hz, H-7), 5.01 (1H,
s, H-8),4.30 (1H, dd, J=11.0, 7.0 Hz, H-12),
2.41 (1H, m, H-13a), 2.04 (1H, m, H-13b),
1.95 (1H, m, H-14a), 1.87 (1H, m, H-14b),
3.55 (1H, m, H-15a), 3.68 (1H, m, H-15b),
6.75 (1H, d, J=10.0 Hz, H-18), 5.51 (1H, d,
J=10.0 Hz, H-19), 2.09 (3H, s, H21), 1.78
(3H, s, H22), 3.80 (3H, s, 6-OMe)., "“C-NMR
(100 MHz, CDCL,)§: 133.51 (C-2), 107.48 (C-
3),120.81 (C-3a), 118.44 (C-4), 109.70 (C-5),
156.71 (C-6), 95.36 (C-7), 136.82 (C-7a),
69.90 (C-8), 84.99 (C-9), 165.58 (C-11), 59.61
(C-12), 29.65 (C-13), 21.77 (C-14), 45.70 (C-
15), 167.04 (C-17), 48.09 (C-18), 123.41 (C-
19), 137.93 (C-20), 18.21 (C-21), 25.92 (C-
22), 55.74 (6-OCH,) . LA %l 5 SCiik [8 ] RiE
1) — 3, B2 AL B W) eyclotryprostatin A

& 4 ORGSR, ESI-MS m/z 382.2
[M+H]",'"H-NMR (400 MHz, CDCL, ) §: 7.91
(1H, s, H-1), 7.88 (1H, d, J=7.8, H4), 7.05
(IH,d, J=7.7, H-5),7.11 (1H, d, J=7.7, H-
6),7.29 (1H, d, J=7.8, H-7), 5.73 (1H, d,
J=2.0, H8), 4.38 (1H, dd, J=10.4, 7.0, H-
12), 2.45 (1H, m, H-13a), 2.07 (1H, m, H-
13b), 1.92 (1H, m, H-14a), 2.05 (1H, m, H-
14b), 3.63 (2H, m, H-15), 6.01 (1H, d, J =
10.2, H-18),4.84 (1H, d, J=10.2, H-19), 2.03
(3H, s, H21), 1.68 (3H, s, H22), 4.63 (1H,
s, 8-0H), 4.19 (1H, s, 9-OH), “C-NMR (100
MHz, CDCl,)8: 132.8 (C-2), 106.4 (C-3), 124.7
(C3a), 119.3 (C4), 119.6 (C-5), 122.1 (C-

.28 -

6), 111.1 (C-7), 136.7 (C-7a), 69.1 (C-8),
83.4 (C9), 170.4 (C-11), 58.6 (C-12), 29.1
(C-13), 22.3 (C-14), 45.3 (C-15), 166.5 (C-
17), 49.9 (C-18), 123.6 (C-19), 135.2 (C-20),
18.3 (C21), 25.4 (C22), DL %45 k(8]
B 1 — 2, B E AL G W eyclotryprostatin C,

k&S AEKA, mp 197 ~198 C, ESI-
MS m/z 345.2 [M + H]",'H-NMR (400 MHz,
CDCl,)8: 6.46 (1H, s, H-5), 2.64 (3H, s, H-
6a),5.81 (1H, s, H7), 7.20 (1H, d, J =2.2
Hz, H-2"), 6.60 (1H, d, J=2.2 Hz, H4"), 3.91
(3H, s, 4-OCH,), 3.69 (6H, s, 6’-OCH, and 5'-
OCH,), “C-NMR (100 MHz, CDCl,)5: 83.96 (C-
2), 190.44 (C-3), 107.95 (C-3a), 158.31 (C4),
105.50 (C-5), 152.45 (C-6), 23.32 (C-6a),
105.77 (C-7), 173.85 (C-7a), 138.52 (C-1"),
137.34 (C-2°), 185.00 (C-3"), 103.20 (C4),
168.83 (C-5°), 163.11 (C-6), 56.29 (4-OCH,),
52.87 (6°-OCH,), 56.87 (5-OCH,) . D\ I ¥# 5
SCHR[9 T i i — 3, % 2 AL & 0 wrypaciding

a6 TR, mp 179 ~ 182 °C ,ESI-MS
m/z369.2 [M +Na]*_ '"H-NMR (400 MHz, CDCI,)
8:6.62 (1H, d, J=2.2 Hz, H-4),7.04 (1H, d,
J=2.2Hz, H6),3.71 (6H, s, 7-OCH, and H-8) ,
6.48 (1H, s, H-3"), 6.08 (1H, s, H-5"), 2.31
(3H, s, H-7°), 3.39 (3H, s, H9’), 13.01 (1H,
s, 2°-OH), "C-NMR (100 MHz, CDCl,) §:128. 35
(C-1), 127.94 (C-2), 156.27 (C-3), 102.92 (C-
4),157.02 (C-5), 107.98 (C-6), 166.24 (C-7),
56.19 (C-8), 111.00 (C-17), 164.28 (C-=2"),
110.37 (C-3°), 148.18 (C4’), 103.23 (C-5),
160.94 (C-6"), 22.54 (C-7"), 199.76 (C-8"),
55.69 (C-97), 52.31 (7-OCH,) . Lk I %4 5 scik
(10 ] ] B W — B, ML E x5 YH
monomethylsulochrin ,

&M T W@ KB K, ESI-MS m/z 444.2
[M+H]",466.2[ M + Na] " ,"H-NMR (400 MHz,
CDCL)8: 8.91 (1H, s, H2), 7.61 (1H, d, J =
7.9, H7), 7.72 (1H, t, J =8.0, H-8), 7.50
(IH, t, J=7.8, H9), 8.11 (1H, t, J=8.0, H-
10),5.70 (1H, d, J=7.2, H-14), 3.21 (1H, m,
H-15a), 2.22 (1H, m, H-15b), 2.01 (3H, s, H-
16),5.55 (1H, s, H-18), 4.06 (1H, s, H20),
7.42 (1H, d, J=7.7, H24), 7.25 (1H, d, J =



522 B4 16 1)
2016 4 8 A

[l S5 56 77 7

Chinese Journal of Experimental Traditional Medical Formulae

-
FEE

Vol. 22 ,No. 16
Aug. ,2016

8.0, H-25), 7.05 (1H, d, J=8.0, H-26), 7.57
(1H,d, J=7.8, H27), 1.41 (3H,d, J=6.5, H-
29),5.34 (1H, s, 17-OH), "C-NMR (100 MHz,
CDCl;) 6. 172.5 (C-1), 70.5 (C-3), 151.7 (C-
4), 146.5 (C-6), 127.8 (C-7), 134.6 (C-8),
127.5 (C9), 126.9 (C-10), 120.8 (C-11), 160.7
(C-12), 53.1 (C-14), 42.8 (C-15), 19.2 (C-16),
83.6 (C-17), 85.5 (C-18), 59.3 (C-20), 171.5 (C-
21), 137.4 (C-23), 115.5 (C-24), 130.0 (C-25),
125.3 (C-26), 124.1 (C-27), 138.1 (C-28), 18.1
(C-29) . LA E%H 5 sk [ 11 ] 4 19— 3, il s
1ZAk A & fumiquinazoline D

WwEY 8 HEKAK,ESI-MS m/z357.2 [ M +
H]*.'H-NMR (400 MHz, CDCl,)s: 7.21 (1H, s,
H-2),7.63 (1H, d, J =8.0, H-7), 7.72 (1H,
dd, /=8.0, 6.7, H8), 7.45 (1H, dd, J=7.8,
6.7, H9), 8.26 (1H, t, J =8.0, H-10), 6.20
(IH, d, J=7.1, H-14), 3.51 (1H, dd, J=16.8,
5.0, H-15a), 3.47 (1H, dd, J =16.8, 4.8, H-
15b), 2.34 (3H, s, H-16), 8.01 (1H,s, H-19),
7.32 (1H, d, J=8.0, H21), 7.15 (1H, d, J =
7.7, H22), 7.06 (1H, d, J=7.7, H-23), 7.39
(1H, d, J =8.1, H24), "C-NMR (100 MHz,
CDCl;) 6. 169.8 (C-1), 55.1 (C-3), 152.7 (C-
4), 147.0 (C-6), 127.4 (C-7), 134.6 (C-8),
127.4 (C-9), 127.0 (C-10), 120.7 (C-11), 160. 1
(C-12), 54.2 (C-14), 25.6 (C-15), 18.2 (C-
16), 108.5 (C-17), 131.9 (C-18), 134.5 (C-20),
111.3 (C-21), 123.4 (C-22), 120.8 (C-23),
117.9 (C-24), 127.8 (C-25), L %4 5 Xk
(12 ] i B M — B, £ ExkasB N
fumiquinazoline J,

X 8 AR A W= B U BT A A FL R
gy B g o#, Hop A (3),
cyclotryprostatins C (4 ), fumiquinazoline D (7)) #l
fumiquinazoline J(8) ,3C#k [8-9 |41 [11-12 | #F % k&
L, 4 A W) B A ) R B A 0 e e 0 e, A
AR L= B N AR LR P griseofulvum AT LUAE g —
Fofra] 7 A e i Je 1% ) SR R R TR

cyclotryprostatins

(1]

[2]

[6]

[7]

[8]

[10]

[11]

[12]

[ &% 30k ]
2y b o hAE NRIEME 25 8. — 38 S]. b

oA Tl AL, 2005 :212.
Schulz B, Boyle C, Draeger S, et al. Endophytic fungi:
a source of novel biologically active secondary
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