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FE LS N ZE LR Rhazopus sp. I AE AR 7 1 89 43 55 LA

%%% ﬂ% A28 zEm, AR
(KA KF Aafs , A EMBARBRLE, L&\ K F 037009)

[(FE] B 50 L 5 N A B Rhizopus sp. (AR =P 002 51 o 773k 0 o 41 81500 J7 1 DAFE 1 B vp 4 B 31
ARO2, ELTA (1 45 5 R B A2 ik 85 G 0 T AE W2, R AR TR K o R T R D JRT A 5% 3% 19 7 3k, YR A AR ™ 0 19 43 9 5 Tk I
FE 1% 7% , Sephadex LH-20 % I (0,115 45 & HPLC #E47 20 B3 4liAk, 53 B3 2 09 A 35 7 W ) 4k 2% 25 1 38 ok 384k 40 A Il o 45 6 b ik
SIATHEAT S E . SR B TEAR TS 4 BT B 09 N A FUTH ARO2 B %5 5E M B JE Rhizopus sp. , % TR bR 09 [ 0K J 8% 7 ) v 3 5 1
BT LB, SRS, A Bk 6 ER (1) lawsaritol A(2) , BB 2 (3) , trypacidin(4) , monomethylsulochrin(5) , emodin 8-0-
methylether(6) fll cannabifolactone A(7) . i LA 1 ~3,6 A1 7 358 M 1l 85 16 N A2 FL B R 4 B A5 31, Lo 58 N AR 0
T Rhizopus sp. BYW A AR 7= 4 52 3 HH 2428500, mT LI S 30 4 40 Joa 1) s ke 5L o
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Isolation and Identification of Secondary Metabolites from Endophytic

Rhizopus sp. in Astragali Radix

ZHANG Hong-chi, LIU Rui, LI Hui, AN Zhi-peng, ZHOU Feng"’
(College of Life Science, Applied Biotechnology Institute, Datong University, Datong 037009, China)

[ Abstract | Objective: To study on secondary metabolites of endophytic fungus Rhizopus sp. from
Astragali Radix. Method: ARO2 was isolated from Astragali Radix by the method of histology. The fungus was
identified by morphological method combined with molecular biology method. Large-scale fermentation of
endophytic fungi used solid culture method. The compounds were isolated by column chromatography, Sephadex
LH-20, and HPLC. They were identified on the basis of physic-chemical constants and spectral analysis. Result .
Endophytic fungi AR02 isolated Astragali Radix were identified as Rhizopus sp. Seven compounds were obtained
and elucidated as tryptanthrin (1), lawsaritol A (2), kojic acid (3), trypacidin (4) , monomethylsulochrin (5),
emodin 8-0-methylether (6) and cannabifolactone A (7). Conclusion; Compounds 1-3, 6 and 7 were isolated
from the endophytic fungi of Astragali Radix for the first time. The secondary metabolites of Rhizopus sp. appear in
several categories and the endophytic fungus, Rhizopus sp. from Astragali Radix is a promising source for active
substances.
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PR AR L T R A — 2 B B s A TR B i) 2 i
19127 5 Tt PR AR ) 4% T 2H SUF0 2% B N R — 8RRk
(R LT , B LR 1 e AR AN R I SME AT, T
i 3 2H 2 2 7 1 mOM A R T B A AR A 2 o
o WERBEAE S MY ILE R BN, BB A4 2
WPEACH =, BA PO BUR PUR FE PR BT
AL, A HUAEIE TR, N AR TR RO Ay i O 2 T )
RO FE R IR L AR T 25 R W A B P Y P R
B, Rl 5 25 A A KD AN A e, It [ 3 AL g
TR B BT M BRI 4\ Ry 2655 6 8 22 0 TG PR I o

A VR 2 — B2 ) T L e o AR LR Y B
5C, EAE T A T 2 R E 1l B RN A B A
FER R Y IR ST AR L B A A
AR Py rhoa] DL 4 Hh SR 2 AT R B, X
W A 2 S IR A M 25 B 58S [R) BR B AR 2R A A
T LB N AR LR A B 2 2 A . AT
SE LI L B E AR B 9 4 4R BT Rhizopus sp. (%%
ARO2) S WIFFEXS G, 28 A2 W) o3 g DG [l A O 15 7 )
ORI T T AR AACE Y, o B0 o G R (1),
lawsaritol A (2), i & /R (3), A #E i W R (4),
monomethylsulochrin (5 ), K # & H B (6) 1
cannabifolactone A (7)., ARk — 5% TE I
FEN A E AR Y B F 5 .

1 ##

HEE GG AR (200 ~300 B, 55 & # L T 4
J7) s W2 RS AR GO B IR AR TR )
LH-20 AU 52 79 5t 45 22 B8 5 i ( Sephadex LH-20, | Vi
TR HARARAF) . HPLC ] k4 ( -
g AT PR B ) A 3R 25 S o3 M 4l

JEOL SX102A 74 ESI-MS J5r i ( H A< Ha 5 #k 5(
£:%t) ,ADVANCE 400 MHz %58 G 4% ff I 3% 13 (4 [
A& A TMS AR AR ) XTS B R ke a0 e A
CRAIE, AL Rt iR OGAL RS ) , 1200 B &5 2408 AR
g (R EH LA A]) , Welch material XB-C, (4% £
(4.6 mm x250 mm,5 pm),

2 HNEHEEHRENSH

M 2013 4 8 H SR | 1L 7H 48 b 5 L FE 3 6 fE
L B, AR DA o R ) DR 2 A i R 2 2 B A XU
B N SR IR 2 3 K Astragalus membranaceus f{)
HEHB , 43 B 45 3 9 A U ARO2 , 2 18 Bk B AR A7 T L
VYR R) R 27 o T A= W) B AR B 5E
3 NEEENERE

e Bk ARO2 50T PDA P-4z | ,27 CHEFE
72 3 d Jm il s H AR KB A DL A W8 FR R R

72 .

PO HE 3R, WAOWL G4 40 1 B 1Y 43 BOR BRI T OB
BN O [, ARO2 #2 4% 3] PDA ¥4 L, 15 57
10 ~ 15 d J& , WA OB T 22 B F B w3
CTAB ¥R & BUZ A AR FUR DNA . DL IR AY 2 A
21 DNA Jy# i, PCR §7 3% ¢ 51 . PCR 97 34 7 ¥y 3%
A IR A W PR BE T (L a0) A7 BR 2 w1 e,
JFr 4t Rl il Blast WX 0 , B RGEREFW .

ARO2 A= K G218, T & B (0 8 {0 HLAOKR, R
TR R DGR B E R 4, KT
P OSSR B, W ARIE IR — | RO |, A% Sh
RN TR 5 B 22 AE S B A S e (1)
SV . BT EMNE 6, LR A, )8 % iR
Fi )@ o Z23d PCR P 1Y )5 3145 19 ITS [ 51K 629 bp,
RHEH (B 2) ZFE RS 2 AR % JE B AT R IR,
LRI ERRAE R ITS J7 8 73 87, ARO2 %3¢
Rhizopus sp. .

Bl1 HE#H AR02 EERS
Fig.1 Colonial morphology of strain AR02

4 WEEHE AR HEEBRARG YRS H
WA H A ARO2 AR TG AL 5, 4270 T & 100 mL
FLIRM ARG 72 35 1 250 mL HEJE R, T 28 °C,150
remin TR R T A, HIA SR TR, KRR B
A UM 400 mL 55555 1 000 mL B HEIE I rh %
W 10% 43 F i 4 R B 7 W (L4 50 )/ ,28 °C
150 r-min 'EIR ARG F 15 d 5, R 4 RS
o U AG TR 22 I A BEUE W, R T UE VR TE 60 C ik 45 &
3LUTFRFEH R CTRZE IS W (it i g 2
W3 L), A e ALY 56 g MW AR O
W LN O CTR-TP B BEVE B (1:0,100: 1,50+ 1,
20:1,10:1,5:1,2:1,1:1,0:1)78%] 9 4 Fr.
A ~Fr. 1, Fr. B DLA il k- 20 12 & TR 6 B 3 B (AR R
s 1:0,20:1,10:1,5:1,10:3,5:2,2:1,
5:3,10:7,5:4,1:1,1:2),4% sFr. B(1 ~12),sFr.
B3 PR & fE AT S VE L, 15 LG 1 (163 mg)
&Y 2(172 mg) FLE ) 3(263 mg) ;Fr. C LLAT
k- PR SR A sh AR BEVEE (120, 10:1,5: 1,
5:2,2:1,5:3,5:4,1:1,1:2,0:1) ,154H 4y sFr. C
(1 ~10) ,sFr. C2 £ % HPLC, DLW [E-7K S it 3h
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543522.1| Rhizopus arrhizus strain
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DQ641284.1| Rhizopus niveus strain

DQ641284.1| Rhizopus niveus strain

0.460 0.388

DQ641290.1| Rhizopus oryzae strain
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2.499
0.085

] KM249085.1| Rhizopus oryzae isolate
0.013

ARO02
| KP132568.1| Rhizopus delemar strain

2.061

L0.013
DQ641281.1| Rhizopus oryzae strain

1 HQ285605.1| Rhizopus oryzae strain

2.800
3.077

LO.OSO
GU327637.1| Rhizopus oryzae strain

2.060

0.467

2 HEH ARO2 RZEEESH

Fig.2 Polymeric analysis of strain AR02

H(2:3, 005 S mLemin™') | 50 BS 40 AL 1L 4 ) 4
(51 mg) A5G4 5(36 mg) ;sFr. C3 FE U4 A
6,33 Y6 S Rl Sephadex LH-20 44k, 15 54k &4 6 (98
mg) ;sFr. C4 -2 fifk it 44 €4, 11 FI1 Sephadex LH-20 4
S 775 mg) .

[e] (o]
X OH
Jw Ho 0" “CH,OH
1 2 3

0.0 C
(X g
CH3 N
(o]

HO I

3 ERMNEERE AR BRI~

GU594768.1| Rhizopus oryzae strain

HQ285704.1| Rhizopus oryzae strain

5 NEEEREFUNEHETE

TR WS ok, B E N
tryptanthrin (1) , lawsaritol A (2), kojic acid (3),
trypacidin (4 ) , monomethylsulochrin (5) , emodin 8-0-
methylether(6) , cannabifolactone A(7) , %54 WL 3,

HsCO,
HaC l on l OH
OCHO o2 ~ocH,

H,0H

HO

Fig.3 Compounds isolated from strain AR02 of Astragalus membranaceus

ka1 BEas RS (=& AH ), mp
268 ~269 °C, ESI-MS m/z 249.06 [M + H] " ,'H-
NMR (400 MHz, CDCl,) §:8.63 8.45 (1H, d, J=
7.6 Hz, H-1), 7.67 (1H, t, J =8.4 Hz, H2),
7.85 (1H, t, J=8.0 Hz, H3), (1H, d, J=8.0
Hz, H4),7.92 (1H, d, J=7.6 Hz, H7), 7.42
(1H,t, J=7.6 Hz, H8), 7.78 (1H, t, J=8.0
Hz, H9),8.04 (1H, d, J =8.0 Hz, H-10); “C-
NMR (100 MHz, CDCl,,) §:127.57 (C-1), 130.28
(C-2), 135.16 (C-3), 130.75 (C4), 146.63 (C-
4a), 144.34 (C5a), 182.64 (C-6), 121.93 (C-

6a), 125.44 (C-7), 127.23 (C-8), 138.32 (C9),
117.99 (C-10), 146.36 (C-10a), 158.13 (C-12),
123.75 (C-12a) o FEWEECHE 5 SCHRI6 ] iRl —3, %
FEALA W R AR tryptanthrin,

ke 2 HEmE(=EF ), mp 110 ~ 111
°C,ESI-MS m/z 431.38 [M + H] " ,"H-NMR (400
MHz, CDCL,) 8:3.53 (1H, brm, H-3),2.29 (1H,
m, H4), 1.50 (1H, m, H5), 5.36 (1H, t, J
5.2 Hz, H-6), 0.68 (3H, s, H-18), 1.01 (3H, s,
H-19), 0.93 (3H, d, J =6.4 Hz, H21), 0.84
(3H, d, J=7.6 Hz, H26), 0.80 (3H, d, J=5.2
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Hz, H-27), 0.83 (3H, d, J=1.6 Hz, H29); "C-
NMR (100 MHz, CDCl,) §:37.23 (C-1), 31.65
(C-2), 71.81 (C-3), 42.29 (C4), 140.89 (C-
5), 121.74 (C-6), 31.88 (C-7), 77.22 (C-8),
50.10 (C9), 36.49 (C-10), 21.07 (C-11), 39.75
(C-12), 42.31 (C-13), 56.75 (C-14), 24.30 (C-
15),28.25 (C-16), 56.02 (C-17), 11.98 (C-18),
19.83 (C-19), 36.14 (C20), 18.77 (C-21),
33.91 (C22), 26.00 (C-23), 45.80 (C-24),
29.10 (C-25), 19.40 (C-26), 19.01 (C-27),
23.04 (C-28), 11.86 (C-29) ., #% W% 5 ik
[7 [ — 20, %AWk lawsaritol A

ka3 ARSI (HEE), mp 154 ~
155 «C, ESI-MS m/z 143.03 [ M + H] ' _,'H-NMR
(400 MHz, DMSO-d,) 8:6.33 (1H, s, H-3), 8.02
(1H, s, H-6), 4.28 (2H, s, H-7), 9.06 (1H, s,
5-OH), 5.67 (1H, s, 7-OH) ; "C-NMR (100 MHz,
DMSO-d,) 6:168.06 (C-2), 109.79 (C-3), 173.97
(C-4),145.59 (C-5), 139.30 (C-6), 59.39 (C-
7)o AZWEEE S SCER[8 ] ik iE B, e LAWY
A i B R (kojic acid)

ka4 HEBARK(PE),mp 197 ~198 C,
ESI-MS m/z347.11 [M+H] " ,'H-NMR (400 MHz,
CDCl,) 8:6.46 (1H, s, H-5), 2.64 (3H, s, H-
6a), 5.81 (1H, s, H-7), 7.20 (1H, d, J=2.2
Hz, H2'), 6.60 (1H, d, J=2.2 Hz, H4'), 3.91
(3H, s, 4-OCH,), 3.69 (6H, s, 6'-OCH,,
5'-0CH,) ,"C-NMR (100 MHz, CDCl,) §: 83.96
(C-2),190.44 (C-3), 107.95 (C-3a), 158.31 (C-
4),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 (C-4"),
168.83 (C-5'), 163.11 (C-6"), 56.29 (4-OCH,) ,
52.87 (6'-0CH,), 56.87 (5'-OCH,) ., VI ¥#t 5
SCHRLO ] Hie 18 09 — B, 888 8 A& W) o A il B
2 (trypacidin)

&S TABEK,mp 179 ~ 182 °C , ESI-MS
m/z345.09 [M +H] " ,'"H-NMR (400 MHz, CDCI,)
8:6.62 (1H, d, J=2.2 Hz, H4), 7.04 (1H, d,
J=2.2 Hz, H-6), 3.71 (6H, s, 7-OCH,, H-8),
6.48 (1H, s, H3'), 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-

- 74 -

4),157.02 (C-5), 107.98 (C-6), 166.24 (C-7),
56.19 (C-8), 111.00 (C-1"), 164.28 (C-=2"),
110.37 (C-3"), 148.18 (C-4'), 103.23 (C-5"),
160.94 (C-6"), 22.54 (C-7"), 199.76 (C-8"),
55.69 (C-9'), 52.31 (7-OCH,) . Lk I %#i 5 3k
(10 ] I B — 2, ME E 2 EY R
monomethylsulochrin

a6 a6 IR SR (2 BE) , mp 286 ~
287 °C, ESI-MS m/z 285.07 [M + H] " _,'H-NMR
(400 MHz, DMSO-d,) 6:7.12 (1H, dd, J=1.6,
0.8 Hz, H-2), 7.42 (1H, d, J=1.6, 0.4 Hz, H-
4),7.19 (1H, d, J=2.4 Hz, H-5), 6.84 (1H, d,
J=2.3 Hz, H7), 2.39 (3H, s, 3-CH,), 13.23
(1H, s, 1-OH), 3.90 (3H, s, 8-OCH,); "C-NMR
(100 MHz, DMSO-d,) &:162.16 (C-1), 124.64
(C-2), 147.10 (C-3), 119.59 (C-4), 107.42 (C-
5), 164.89 (C-6), 105.41 (C-7), 163.84 (C-8),
186.82 (C-9), 182.80 (C-10), 137.24 (C-11),
113.06 (C-12), 114.80 (C-13), 132.46 (C-14),
21.79 (3-CH,), 56.85 (8-OCH,) ., VI %5
BRLTT ] a8 ) — 30, W 2 b & o K& -8-H
fi¥ (emodin 8-O-methylether)

&Y T WEE KK (HE), mp 224 ~ 226
°C ,ESI-MS m/z 259.06 [M + H] " ,'"H-NMR (400
MHz, DMSO-d,) 6:7.84 (1H, d, J =2.5 Hz, H-
5), 6.81 (1H, dd, J=2.5, 8.6 Hz, H-7), 7.07
(1H, d, J=8.6 Hz, H8), 7.47 (1H, s, H-10),
7.37 (1H, d, J =3.4 Hz, H-12), 6.70 (1H, d,
J=3.8 Hz, H-13), 4.70 (2H, s, H-15), 9.52
(IH, s, OH-6), 5.61 (1H, t, J =5.8 Hz, OH-
15); “C-NMR (100 MHz, DMSO-d,) 8:169.68 (C-
2), 115.33 (C-3), 122.31 (C4), 111.02 (C-5),
153.80 (C-6), 116.87 (C-7), 110.84 (C-8),
146.36 (C-9), 123.26 (C-10), 149.43 (C-11),
124.27 (C-12), 110.93 (C-13), 161.99 (C-14),
56.24 (C-15), DL F&Hs 5 3Ck [ 12 ] el B A —
B, B 1Z A& YN cannabifolactone A
6 itit

ST T AR AR A E 2 A, S
P ~3,6 A1 7 1R E BN A LA A B AR F],
P2 g TR 2 — e v s R R A ) G, 32 R R IR T
TI B R REAE KA R AT 5 il R R — b R
R LRI R, e P A K kA S 68 R 1k w2
T2 T P 3% A, DT 4100 1 8 €8 3R A O L5 A A ot 7 3R 2
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— TP R S R TR R 5 R 2R -8 - X 22 R A R 2 A
HE 6 BT #1R HeLa 40 o 3 A 40 0 7 7
cannabifolactone A #% % B0 0] LIAVE N I BONE B2 4% R N
VIl PAN #0460 ), B fE ™ BN AR B
Rhizopus sp. AT LIAE by 22 i i 1 9 J57 (4 38 1) ok 5L
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