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Abstract : The chemical constituents from endophytic fungus AR15 of Astragalus membranaceus and antimi-
crobial activity to Erysiphe pisi were investigated. According to the morphological features, cultural char-
acteristics and ITS sequences, the strains AR15 were indentified as Penicillium sp. The compounds were i-
solated by column chromatography.Sephadex LH-20,and HPLC. Eight indole diketopiperazines were ob-
tained and elucidated as fumitremorgin B (1), cyclotryprostatins B (2), verruculogen (3), tryprostatin B
(4) ,tryprostatin A (5),cyclotryprostatin A (6),cyclotryprostatins C (7) ,and cyclotryprostatins D (8). All
indole diketopiperazines showed inhibitory activity to E. pisi,and compound 1,3 and 6 showed strong in-
hibitory activity with MIC values of 3.13,1.56 and 6. 25ug * mL ™' ,respectively.
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FA AR Y T 20134 9 ARA LA
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Fig. 1 The colonial morphology of strain AR15

H— o FAw%ERE . %0t PCR ¥ #5315 1
ITS 414 590 bp, P45 R anF -

iZ B ¥ 5  Penicillium commune strain
(KP120886. 1) ) ITS J5 51 [6] B 1L K 9970 45 5 T &
SFRMER ITS P40 2007 8 N A B ARLS %058
Penicillium sp. .
2.2 E# ARLS IR LG EE

M ARTS g 4 B4 B 8 AR ™ 1 2 5
PN A B 9k 4 8 fumitremorgin B(1) . cyclot-
ryprostatins B(2) | verruculogen(3) , tryprostatin B
(4) . tryprostatin A(5) .cyclotryprostatin A(6) ,cy-
clotryprostatins C (7)., cyclotryprostatins D (8)

(Bl 2>,

TCTTCCGTAGGGTGAACCTGCGGAAGGATCATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGT
GTTTATTTTACCTTGTTGCTTCGGCGGGCCCGCCTTAACTGGCCGCCGGGGGGCTTACGCCCCCGGGCCCG
CGCCCGCCGAAGACACCCTCGAACTCTGTCTGAAGATTGTAGTCTGAGTGAAAATATAAATTATTTAAAAC
TTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTG
CAAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCC
GAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGTCCTCCGATCCCGGGGGACGGGCCCG
AAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGC
CGGCGCTTGCCGATCAACCCGAATTTTTATCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTT

AAGCATATCATAAAGCCGGAGGA

B2 EENEEE ARIS BB~ Y

Fig. 2 Compounds isolated from AR15 of Astragalus membranaceus

&Y 1, A sHRES & mp. 210~212 C,'H
NMR (400 MHz,CDCL, .3.ppm.J/Hz) 7. 85 (1H,
d.J = 8.0.H—4).,6.79 (1H.d,J] = 8.0,H—5),
6.69 (1H.s. H—7),5.77 (1H,s, H—8).,4.45
(1H,t,] = 8.0,H—12),2.47 (1H,m,H—13a),
2.08 (1H,m,H—13b),2.10 (1H,m, H— 14a),
1.93 (1H,m,H—14b),3.63 (2H,d,J = 8.0, H
—15),5.98 (1H.d,J = 12.0,H—18).,4. 71 (1H,
d.J =12.0,H—19),1.99 (3H.,s,H—21),1.63
(3H,s.H—22),4.53 (2H.s, H—23),5.03 (1H,
ssH—24),1.85 (3H,s,H—26),1.70 (3H,s,H—
27),3.84 (3H,s,6—O0OMe),4. 74 (1H,s,8—OH),
4.17 (1H, s, 9 — OH) ." C NMR (100 MHz,
CDCly .3, ppm) 131.13 (C—2),104.42 (C—3),

120.52 (C—3a),121. 34 (C—4),109.29 (C—5),
156.17 (C—6),93.82 (C—7),137.87 (C—7Ta),
68.95 (C—8),82.98 (C—9),170.51 (C—11),
58.76 (C—12),28.93 (C—13),22.61 (C—14),
45.26 (C—15),166.25 (C—17),49.03 (C—18),
122.97 (C—19),135.22 (C—20),18.37 (C—21),
25.71 (C—22),41.77 (C—23),120.29 (C—24),
134.61 (C—25),18.20 (C—26),25.55 (C—27),
55.72 (6—OMe) ., Lk I %4l 5 SCHk[9-11 4z 38 1
— 3, M ALY A fumitremorgin B,

&Y 2. 3@ EHIRES o mp. 130~132 °C,ESI
—MS m/2:436. 2[M+H]" ,'H NMR (400 MHz,
CDCL, ,8, ppm. J/Hz) 8.10 (1H,s,H—1),6.66
(1H,d.J = 8.0,H—3).4.42 (1H.dd,J = 4.0,
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4.0,H—6),2.51 (1H,m,H—7a),2. 05(1H,m,H
—7b),2.19(1H, m, H—8a),1.96 (1H, m, H—
8b),3.75 (1H,m,H—9%4),3.73 (1H,m,H—9b),
4.7 (1H,s,H—13),7.43 (1H,d,J = 8.0,H—
16),6.81 (1H,d,J = 8.0,H—17),6.85 (1H,s,
H—19),5.62 (1H,d,J = 80, H—21),2.24
(3H.,s.H—23),1.79 (3H,s,H—24).3.34 (3H,
s,13—0OMe),3.82 (3H,s,18— OMe). " C NMR
(100 MHz,CDCl; , 8, ppm) 133.75 (C—2),49.11
(C—3),167.03 (C—5),59.93 (C—6),29.69 (C—
7),22.05 (C—8),45.82 (C—9),165.73 (C—11),
84.77 (C—12),76.83 (C—13),105.22 (C—14),
122.60 (C—15),118.68 (C—16),109.99 (C—
17),156.49 (C—18),95.23 (C—19),136.69 (C—
20),123.54 (C—21),137.92 (C—22),18.10 (C—
23),26.03 (C—24),556.57 (13—0OMe),5.77 (18
—OMe), DL E#E S Sk (12408 /) — 2, i
EZMEY N cyclotryprostatins B,

&Y 3, B A RS mp. 218~220 C, ESI
— MS m/z:534.1[M + Na]",'H NMR (400
MHz, CDCL, , 8. ppm. J/Hz) 7.95 (1H.d.J =
8.0,H—4),6.88 (1H.d,J = 8.0,H—5),6.58
(I1H,s,H—7),5.66 (1H,s,H—8),4.45 (1H,t,J
=8.0,8.0,H—12),2.45 (1H,m,H—13a),2. 10
(1H,m,H—13b),2.08 (1H,m, H—14a), 1. 94
(1H,m,H—14b),3.63 (2H,d,J = 8.0, H—15),
6.11 (1H,d,J = 8.0,H—18),2.00 (1H,m,H—
19a),1.63 (1H,d,J = 8.0, H—19b),1.99 (3H,
s,H—21),1.02 (3H,s,H—22),6.73 (1H,s,H—
23),5.03 (1H,s,H—24),1.77 (3H,s,H—26),
1.70 (3H,s,H—27),3.84 (3H,s,6 —0OMe) ,4. 74
(1H,s,8—OH),4.04 (1H,s,9—OH). " C NMR
(100 MHz,CDCl; ,8,ppm) 131.13 (C—2),105. 50
(C—3),120.87 (C—3a),121.64 (C—4),109.29
(C—5),156.36 (C—6),93.82 (C—7),136.19 (C
—7a),68.96 (C—8),82.58 (C—9),166.10 (C—
11),58.76 (C—12),28.94 (C—13),22.61 (C—
14),51. 11 (C—15),170.71 (C—17),49.03 (C—
18),45.29 (C—19),82.09 (C—20),25.71 (C—
21),27.00 (C—22),85.82 (C—23),118.40 (C—
24),143.11 (C—25),18.90 (C—26),24.09 (C—
27),55.72 (6—OMe) ., LI ¥l 5 3CHRL9. 13 4
T — B U iz B R verruculogen,

A 4R A EHIR S & mp. 103~104 °C,
ESI—MS m/z:352.2[M+ H]",'H NMR (400
MHz,CDCl;, 8, ppm,J/Hz) 8.12 (1H,s.H—1),

7.45 (1H,d.J = 8.0,H—4),7.07 (1H,dd,J =
7.8,7.6, H—5),7.15 (1H,d.J = 8.0,H—6),
7.31 (1H,d.J = 8.0,H—7),3.62 (1H,dd,J =
15.0.4.0,H—8a),3.01(1H,dd,J = 15.0,12.0,
H—8b),4.29 (1H,dd,J = 12.0.3.0, H—9),
5.65 (1H.,s,H—10),4. 05(1H,d,J = 8.0,8.0,H
—12),2.31 (1H,m.H—132),2.04 (1H,m, H—
13b),2.04 (1H,m, H—14a),1.91 (1H, m., H —
14b),3.55 (1H.m, H—15a),3.68 (1H,m, H—
15b),3.45 (2H, m, H—18),5.29 (1H, m, H—
19),1.79 (3H,s,H—21),1.75 (3H,s,H—22).
C NMR (100 MHz,CDCl,, 8, ppm) 134.99 (C—
2),104. 21 (C—3),127.68 (C—3a),117.82 (C—
4),119.43 (C—5),121.55 (C—6),110.69 (C—
7),136.59 (C—7a),25.90 (C—8),55.78 (C—9),
169.51 (C—11),59.21 (C—12),28.36 (C—13),
22.05 (C—14),45.41 (C—15),165.75 (C—17),
24.99 (C—18),119.49 (C—19),135.31 (C—20),
18.01 (C—21),25.72 (C—22)., VI ¥4 5 Sk
[14 438 ) — 30, B % 2 % A & W8 tryprostatin
B,

& 5.1k 8 @ AHIRSE & mp. 120~122 °C,
ESI— MS m/2:382.2[M-+H]" ,'H NMR (400
MHz,CDCl; , 8, ppm,J/Hz) 7.98 (1H,s. H—1),
7.40 (1H,d.J = 8.0, H—4),6.72 (1H,dd,J =
8.0,3.0,H—5),6.86 (1H,d.J = 2.0,H—7),
3.62 (1H,dd,J = 15.0,4.0,H—8a),3.01(1H,
dd.J = 15.0,12.0,H—8b).4.30 (1H.dd,J =
12.0,3.0,H—9),5.65 (1H,s,H—10),4. 04 (1H,
t.J = 8.0,8.0,H—12),2.31 (1H,m,H—13a),
2.04 (1H,m,H—13b),2.07 (1H,m, H— 14a),
1.95 (1H,m,H—14b),3.55 (1H, m, H—15a),
3.63 (1H, m, H—15b),3.79 (2H, m, H—18),
5.11 (1H,d.J=8.0,H—19),1.79 (3H,s, H—
21>, 1.75 (3H, s, H—22),3.81 (3H,s, 6 —
OMe). " C NMR (100 MHz, CDCl;, &, ppm)
135.19 (C—2),104. 38 (C—3),122.61 (C—3a),
118. 84 (C—4),109.40 (C—5),156.41 (C—6),
94.36 (C—7),136.39 (C—7a),25.90 (C—8),
54.76 (C—9),169.58 (C—11),59.21 (C—12),
28.46 (C—13),22.74 (C—14),45.41 (C—15),
165.77 (C—17),25.09 (C—18),120.09 (C—19),
135. 03 (C—20),18.07 (C—21),25.72 (C—22),
55.85 (6—OMe), LA I %45 3cmk 14 438 (1 —
L AL B YN tryprostatin A,

a4 6. M EEHIRES & mp. 110~112 “C ,ESI
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—MS m/2:380.2[M+H]".,"H NMR (400 MHz,
CDCly .8, ppm, J/Hz) 7.93 (1H,s, H—1),6.75
(1H,d,J = 10.0,H—3),4.30 (1H,dd,J =
11.0,7.0 Hz, H—6),2. 41 (1H,m,H—7a),2. 04
(1H,m,H—7b),1.95 (1H,m,H—8a),1. 87 (1H,
m,H—8b),3.55 (1H,m,H—9%a),3.68 (1H,m,H
—9b),5.01 (1H,s, H—13),7.40 (1H.d, ] =
8.0,H—16).6.75 (1H.dd,J = 8.0,3.0 Hz, H—
17),6.81 (1H.d,J = 2.0,H—19),5.51 (1H.d,J
= 10.0,H—21),2.09 (3H,s,H—23),1.78 (3H,
ssH—24),3.80 (3H,s,18—0OMe). "C NMR (100
MHz,CDCl, , 8, ppm) 133.51 (C—2),48.09 (C—
3),165.58 (C—5),59.61 (C—6),29.65 (C—7),
21.77 (C—8),45.70 (C—9),167.04 (C—11),
84.99 (C—12),69.90 (C—13),107.48 (C—14),
120.81 (C—15),118.44 (C—16),109.70 (C—
17),156. 71 (C—18),95.36 (C—19),136.82 (C—
20),123.41 (C—21),137.93 (C—22),18.21 (C—
23),25.92 (C—24),55. 74 (18—OMe), LI I ¥4
5 CHRC12 48 ) — 350 MO 2 AR B YR cyclot-
ryprostatin A,

&Y 7. AEEIRSS & EST—MS m/z:382. 2
[M+H]","H NMR (400 MHz,CDCl; .8, ppm,J/
Hz) 7.91 (1H,s,H—1),6.01 (1H,d,J = 10.2,
H—3),4.38 (1H,dd.J] = 10.4,7.0,H—6),2.45
(1H,m,H—72),2.07(1H,m,H—7b),1. 92 (1H,
m.H—8a),2.05 (1H,m,H—8b),3.63 (2H,m,H
—9),5.73 (1H,d,J] = 2.0,H—13),7.88 (1H.d,
J =7.8,H—16),7.05 (1H.,d,] = 7.7, H—17),
7.11 AH.d.J = 7.7,H—18),7.29 (1H,d.J =
7.8,H—19),4.84 (1H,d.J = 10.2, H—21).,
2.03 (3H,s, H—23),1.68 (3H,s, H—24),4.19
(1H,s,12 —OH),4.63 (1H,s, 13— OH)." C
NMR (100 MHz, CDCl,, 8. ppm) 132.8 (C—2),
49.9 (C—3),170.4 (C—5),58.6 (C—6),29.1 (C
—7),22.3 (C—8),45.3 (C—9),166.5 (C—11),
83.4 (C—12),69.1 (C—13),106.4 (C—14),

124.7 (C—15),119.3 (C—16),119.6 (C—17),
122.1 (C—18),111.1 (C—19),136.7 (C—20),
123.6 (C—21),135.2 (C—22),18.3 (C—23),
25.4 (C—24), VA EHR 5 3Cmk12 4R 8 0 — 2,
W% B iZ AL &M N cyclotryprostatins C,

&Y 8. F s RS, i EST—MS 43 #2m/ =,
380.2 [M+H]",'H NMR (400 MHz,CDCl;, §,
ppm,J/Hz) 8.84 (1H,s,H—1),6.93 (1H.d,J =
8.8, H—3),4.68 (1H,dd,J = 8.0,7.8,H—6),
2.41 OQH,m,H—7a),2.00(1H,m,H—7b),1. 90
(lIH,m,H—8a),2.06 (1H,m,H—8b),3.58 (2H,
m,H—9),8.14 (1H,d,J = 80, H—16),7.21
(1H,d,J = 7.8, H—17),7.18 (1H,d,J = 7.8,
H—18),7.29 (1H,d,J = 7.6, H—19),4.89
(1H,d,J = 8.8, H—21),1.95 (3H,s,H—23),
1.71 (3H,s,H—24). ¥C NMR (100 MHz,CDCl, ,
d,ppm) 148.1 (C—2),49.3 (C—3),172.3 (C—
5),59.7 (C—6),29.1 (C—7),22.9 (C—8),45. 4
(C—9),165.0 (C—11),82.6 (C—12),181.6 (C—
13),107.6 (C—14),124.1 (C—15),121.5 (C—
16),124.6 (C—17),122.9 (C—18),111.4 (C—
19),136.7 (C—20),122.6 (C—21),137.7 (C—
22),18.6 (C—23),25.7 (C—24), DL L5 X
BRL12] 42 38 B9 — 2, B 8 Z & W cyclot-
ryprostatins D,

2.3 WMk W Uk e X R B R TR E RS HDEI4E AR

HOHT S B A K i B2 HF R E A
- FOR R B 2O Erysiphe pisi DC. A5
IR AT 96 FLik B T B KN AR B ARILS PR
B8 7 A e e ) IR 1 XoF B 1 D T ) e /DM AT TR
e (MIC) (3% D)o SR L7 /15| e — il WR 15 X
BEES VR S T 4 R s T A [ R A o A
Hrp fumitremorgin B(1) . verruculogen(3) . cyclot-
ryprostatin AC6) {9 0l 1% Pk & T 50 A 2 T
%f i Nystatin, HH verruculogen(3) 8 411 1 15 1 &
i, MIC fHi5 %) 1. 56 pg » mL ', & # ) DMSO Bf
PR B 0 R AR O A IR S

®1 LEWI~-8HHERFEN

Table 1  Antimicrobial activities of compounds 1—38

&) MIC/ (pg » mL— D)

R T R b 2
! ) 9 5 5 6 ; ) Nystatin DMSO
B OB R A 3.13 12.5 1.56 25 6.25 50 200 6.25 —

1 : Nystatin Sy BH 4 XF B, DMSO Sy BH %) it
3 #i5iti

KRS FMy T HEYFEE. HRNERE

AR15 %5 K Penicillium sp. « I & 4G ™ 4
Fi B ] 8 AN N5k i IR 2 , fumitremorgin B(1)

cyclotryprostatins B(2) | verruculogen(3) . trypros-
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tatin B(4) . tryprostatin A(5) ,cyclotryprostatin A
(6), cyclotryprostatins C(7), cyclotryprostatins D
(8) 3% 8 AUEA - W2 B N BN/ B
SrEARE) . JE SR I I Ak B X 2 s] b R DR
I X 15 | S B R 1Y T B T UM 1 B T
A ARG 0 3060 4E F L R i & fumitremorgin B(1)
verruculogen(3) . cyclotryprostatin A(6) X 3 1L
W R B OB e R TE Y MIC (E g Bl
3.13.1.56 pg + mL™'f16.25 pg » mL™", E L
WENAEEE Penicillium sp. A 38 N HE A B
T 255 B IR B A R BT .
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