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1E 11 35 N A B Penicillium sp. W gliotoxin 28
ARG 89 3 R0 AR W i

gf‘gl‘%y ilji\%y ZJJ’E%’ "Elj&:‘ﬂﬂg’ E]ELX
(KRAXF Ao#Fsdn, DALHBEARAHFELH, LB KFE  037009)

[(HE] BB :WIREILE EHNERE Penicillium sp. (1 gliotoxin 28 A 7 Y F1LH XF B E UM o5 LT Erysiphe pisi. (430 ]
YRR o Foid s AR AR 7= 0 B 40 28 S AL SR P S S A JB A €335 12 , Sephadex LH-20 $E i (4 35 12: Fl HPLC J7 125, il i Ak 2% 7 1 45
A% TG AR 23 47 BT 3 4 LA oA S5 4 30 TR M O 3 D SR e/ N TR R vk o B SR MAE LU B BN AR LT Pendcillium sp.
PR T 42 A T 2 U T 43 B A9 8 7 A gliotoxin ZEARE 7 4, 22801 43 7 43 ) 48 5 2 gliotoxin (1) , bisdethiobis ( methylthio ) gliotoxin
(2) ,dehydroxybisdethiobis ( methylthio) gliotoxin(3) , dehydrogliotoxin(4) ,6-deoxy-5a,6-didehydrogliotoxin (5) , didehydrobisdethiobis
(methylthio) gliotoxin(6) ,bis-N-norgliovietin (7) , 3 Jif 1% MM A 45 3R W7s AL &4 1,4 RS X 3 6 114 o S 1 8 7 s i 410 o AR
FH /MW EE (MIC) 435135 51 1.56,0.78,6.25 mg-L™" . 250 A7 1k & W6 2 & YO 35 16 P9 2 B0 & e 7= 90 b o 8 15
B, 8\ WA Penicillium sp. 7T LU 9 T TR 977 A2 gliotoxin ZE A 7™ Hy i T b 5% U5 .
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Gliotoxins Isolated from Endophyic Penicillium sp. of

Astragali Radix and Their Antimicrobial Activity

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 gliotoxin metabolites from endophytic Penicillium sp. of Astragali
Radix and investigate their antimicrobial activity to Erysiphe pisi. Method: The compounds were isolated and
purified by repeated silica gel column chromatography, Sephadex LH-20 gel chromatography, and HPLC method;
their chemical structures were identified by chemical methods combined with nuclear magnetic resonance analysis
and mass spectrometry. The MIC values for E. pisi. were determined as sensitivity to the compounds in biological
evaluation. Result: Seven gliotoxins were obtained and elucidated as gliotoxin (1), bisdethiobis ( methylthio)
gliotoxin (2 ), dehydroxybisdethiobis ( methylthio ) gliotoxin (3 ), dehydrogliotoxin (4 ), 6-deoxy-5a, 6-
didehydrogliotoxin (5 ), didehydrobisdethiobis ( methylthio ) gliotoxin (6 ), and bis-N-norgliovietin (7).
Bacteriostasic activity test results showed that compounds 1, 4 and 5 had strong inhibitory activity for E. pisi, MIC
values of 1.56, 0.78 and 6.25 mg-L~'. Conclusion: All compounds were isolated from the endophytic fungi of
Astragali Radix for the first time, and the endophytic fungus Aspergillus sp. from the stems of Astragali Radix, is a
promising source for gliotoxins.
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Ji % B R (gliotoxin ) f ORI T K w TH
(Gliocladium ) , H ij & 30 H 38 ] S 5 3 40 il 25 | 4= it
B SR A A i A m A, R T AR R e NIRRT
( epipolythiodioxopiperazine, ETP) # "', /¥ i%
PERTSE K B, gliotoxin 28 £k & ¥y X 22 b Jif 967 240 il 2
A AR S ) A0 B BE TR R A AN S A L i B T
PO RE AT LB S5 AR W0 |, B LI 4 245 9“7
FEE M A KRN T A LAY gliotoxin ZE 1k & ¥y it
5T RARIBE S

AR PR 4 T AF — BN T LB N AR LR
92 G5 R g & BT 1 bk Al LR R
gliotoxin ZEACH ™ ¥ 19 N A= BL 1T, A8 S0 T
TN B EE KRB B AR T A
gliotoxin ZEACH ™ ¥y, IF 9F — 2B MK T X L8k & W)
XoF 5 e B A % 0 T —— 1R s i R A R A
F, R ik — 25 R S e A A5 W 3 B PN A R R U A It
WA , I BB B Y B TR S AR — S Y S
1 ##

HEE GG AR (200 ~300 B, 575 & e T 4
J7) R GRS AR G B IR AR TR )
LH-20 #2795 375 B % BE it ( Sephadex LH-20, | VA%
RIEYFARABRA ) o HPLC FHR 5] (03 4l ( i
B AEARA A AR 2k 7 b4t

JEOL SX102A %I ESI-MS Jii %1 ( H A 1 7 #k
X £4h) , ADVANCE 400 MHz %I 4% 1% 4 4 4 ( 7 [
i & 7028 H L TMS ARS8 AR ) XTS B I (oA o I 5
ACCRBIE , A 5t R G AL AR ) , 1200 B 2%
WAH 63 (35 B 228 A F] ) , Welch Material XB-C
g HE (4.6 mm x 250 mm,5 wm, b ERHE K
WA RATE) .
2 HNEEE AS06 HISkIEFMEE

M 2013 4 8 2k A 1178 45 Jb 5 1 L BH 3 0 15
3 B, P R[] R 2 A i Bk 2 27 Bt Sl RV A S 5 H
TRME Y B R Astragalus membranaceus F)ZE5K , 43 B
P42 N AE FLE ASO6 , IR PR PR A7 T LU PG R ] R 2
A B ARBEFE T

Fe Bk AS06 $F T PDA -4 | ,27 CHiF¢ 2
d J& , IR WS A KB S LA K S VIR 5 R 3% 1
Fr 1, W AHOUL SR A 1 AR A4 20 BCIR B0 A TR 285 45 1
Ul [, ASO6 ¥4 H2 5] PDA A4k |, H5% 12 d J5,
TE A TR T 22 BF BBy AR, 1 ] CTAB 75 R 42
IGZ N A= U DNA G DU IR g FE D 2H DNA £
B, PCR §7 44 FF 51 . PCR 4748 77 ¥y 16 52 =k Sl 5 7
WEEZGWT 5T (b at) A BRZ =00 Fe, 90 e 45 2R i i

Blast FLXF o0, M R R B

AS06 Az KV, AR A KT 2 BB 6, 1218
L3 SUNNIEE DN 4:0E 7 & TN UE (S R R 1 0Nt
O 0 RO S A B, 2200, 22 50K, T/ 22
RIRZHRE, BB LA Z A R TR, 2
o, U0 43 At 2 A, HoJ 2 00 B i 4k (18
) WP RTRR. £k PCR ¥ 15 R R
ITS J¥ 34 589 bp, A 347 (18] 2) L bk 5 2tk
Penicillium sp. HA7 [ P4, 255 8 25 FR AR A ITS
75538, % AS06 Y85 K Penicillium sp.

B 1 E#k AS06 EERE
Fig.1 Colonial morphology of strain AS06

3 NEEEAS WABRRKBE=IHNS B

WA FLTE AS06 28 M I Ak, 45 7P T & 58 IR
AR FE 5 100 mL B9 250 mL 4% 5,28 °C, 150 r-
min YRR IE S ALl R . REREBER
FT A BT, R B PP ROK TR 100 g A R
B WA #5223 (NaCl 30 g- L' ,NaNO, 2 gL', &%
IR 3.5 gL' ,pH 7.5)30 mL,10% ¥ fh i | 3%
b i) £ 4 () Fb 7 9 (3 100 ) , % R 85 5% 40 d,
80 CH K BEIEFWMT , 73 5 £ 1R & T Fn H it i
P& 3 W WA SE A LR W 398 g KPR W hE AR
g, L LR £ BE-H e p FE e (1:0,100: 1,
50:1,20:1,10:1,5:1,2:1,1:1,0:1)15F] 9 HIB4
Fr. A ~Fr. 1,

Fr. B DL Z 182 £ T8 1A T ik 6 B 0k i, 75 37 4 43
sFr.B (1 ~12), sFr. B2 F B 2 %% fif, 48 8 il #%
HPLC, DL W BE-/K R sl A (123, i3 3 mL -
min "), FHEAY) 1(306 mg) LG W) 2(94 mg),
sFr. B3 £ Sephadex LH-20, L\ 1 EE R i s 40 , 19465
Y 3(59 mg) ,sFr. B4 FLR &k A A5, LR &
TS 0 A i Pt A B2 VR B L A1k 5 4 (63 mg) AL &)
5(39 mg) ; Fr. C £& Sephadex LH-20, L) H [ 4 ¥ )
A, A2 43 sFr. C(1 ~6) ,sFr. C2 22445 HPLC ,
AR /K A S AR (124, 34 4 mL-min "), 53 &
it &9 6 (52 mg) FILG W) 7(25 mg) .

- 69 -



523 BT )
2017 4£ 4 A

RESSEAFZERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 23 ,No.7
Apr. ,2017

0.002  KJ780803.1| Penicillium chrysogenum isolate

KF143794.1| Penicillium sp.

HQ850906.1| Penicillium italicum strain

JX997039.1| Penicillium desertorum strain

JX997112.1| Penicillium goetzii strain
0.829 JX997066.1| Penicillium flavigenum strain
| KP120886.1| Penicillium commune strain
0.555 4.098 0.027 |AS06
2.476

2.164

1.461
—I 1.870

4.029

KF811430.1| Penicillium sp.

FJ647577.1| Penicillium sp.
DQ681340.1| Penicillium vinaceum jsolate

0.254]
—l 2.126

EU833224.1| Penicillium lanosum strain

1.228 AF455544 1| Penicillium commune isolate

B2 Ek AS06 RFE R E ST
Fig. 2 Polymeric analysis of strain AS06

4 WNEEHE AS6 KT =M ERETE

bR AS06 738 2 7 AR W 28 3 il i 3k
AEFN 73BT, 55 SCHR RS L, #2588 0 IS % 5 3% gliotoxin
(1), bisdethiobis ( methylthio ) gliotoxin ( 2 ),
dehydroxybisdethiobis ( methylthio ) gliotoxin ( 3 ),
dehydrogliotoxin (4 ) , 6-deoxy-5a, 6-didehydrogliotoxin
(5), didehydrobisdethiobis ( methylthio ) gliotoxin
(6) ,bis-N-norgliovietin(7) (& 3) .,

a1 HE RS, mp 192 ~195 C L, 5
WF AW ke, LB T ESI-MS f8 m/z 327.1 ib %4
e T8 TIE[M + H] " ,'"H-NMR (400 MHz,
CDCl,) 6:4.43 (1H, dd, J =12.8, 5.4 Hz, H-
3a,), 4.25 (1H, dd, J=12.7, 9.5 Hz, H-3a,),
4.82 (1H, s, H-5a), 4.82 (1H, s, H-6a), 5.78
(IH, d, J=9.3 Hz, H-7), 5.97 ~5.92 (1IH, m,
H-8), 6.00 (1H, s, H9),3.74 (1H, d, J=18.0
Hz,H-10),2.96(1H,d,J=18. 0Hz,H-10) ,

(0]
)/'/K,OH
OH O

N
S7 s P
WN/ W N~ N S-SV
: & OH
s
OH O /% OH OH O
2 3

3.21 (3H, s, H-11); “"C-NMR (100 MHz, CDCI,)
8:166.0 (C-1), 77.2 (C-3), 60.6 (C-3a), 165.3
(C4),69.8 (C5a), 73.1 (C-6), 129.9 (C-7),
123.5 (C-8), 120.2 (C-9), 130.7 (C9a), 36.6
(C-10), 75.6 (C-10a), 27.5 (C-11), VI FEIES
HER (8] M A B ka1 EEN
gliotoxin,,

a2 RE AR, mp 204 ~206 C, 5 %
F =& Wk, IEET ESI-MS 78 m/z 357. 1 b 45 i
W FET¥ [M+H] ,'HNMR (400 MHz,
CDCl,) §:4.21 (1H, d, J=11.5 Hz, H-3a,), 3.80
(1H, d, J=11.5 Hz, H3a,), 4.62 (1H, d, J =
13.3 Hz, H-5a), 4.89 (1H, m, H-6), 5.69 (1H,
d, J=9.0 Hz, H-7), 5.91 (1H, m, H8), 5.99
(1H, m, H-9), 3.14 (1H, d, J=16.0 Hz, H-10),
2.91 (1H, d, J=16.0 Hz, H-10), 3.13 (3H, s,
H-11),2.25 (3H, s, H-12),2.21 (3H, s, H-13);

1 4

N
o]
0 s 9 ,
mgé N OH . S oH
OH B HN
o OH O S~ o)

6

5

B3 FEENEEH AS6 RiEF&=W1~7 HEH

7

Fig. 3 Compounds 1-7 structure isolated from strain AS06 of Astragali Radix
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“C-NMR (100 MHz, CDCl,) §:165.9 (C-1), 75.2
(C3),63.1 (C3a), 168.1 (C4), 70.4 (C-5a),
74.3 (C-6), 130.1 (C-7), 123.7 (C-8), 120.8
(C9), 131.6 (C9a), 38.6 (C-10), 73.2 (C-
10a), 28.1 (C-11), 13.6 (C-12), 14.9 (C-13),
DL s 5 3CHR 09 ) M e B s — B, b G 2 %
%€ M bisdethiobis ( methylthio ) gliotoxin,,

&3 REAEAR, mp 214 ~216 C,IEE
T ESI-MS £ m/z341. 1 /b I WE T8 FUE[M +
H] ' ,'H-NMR (400 MHz, CDCl,) §:1.81 (3H, s,
H-3a), 4.76 (1H, d, J =13.4 Hz, H-5a), 4.70
(1H,d, J=13.4 Hz, H-6),5.64 (1H, d, J=10.0
Hz, H-7),5.90 (1H, m, H-8), 5.95 (1H, m, H-
9),3.03~3.07 (2H, m, H-10), 3.01 (3H, s, H-
11),2.15 (3H, s, H-12), 2.20 (3H, s, H-13),
5.45 (1H, s, 6-OH) ; "C-NMR (100 MHz, CDCI,)
5:164.4 (C-1), 67.8 (C-3), 23.3 (C-3a), 167.5
(C4),69.2 (C-5a), 73.9 (C-6), 130.5 (C-7),
123.4 (C-8), 119.0 (C-9), 132.8 (C9a), 37.9
(C-10), 72.1 (C-10a), 28.4 (C-11), 14.1 (C-
12), 14.5 (C-13) . Dh B4 5 3CHR [ 10 ] 59 R %L
W—, k&% 3 % F N dehydroxybisdethiobis
(‘methylthio) gliotoxin ,

EW 4 HAOEIRE S, mp 184 ~186 C, IE
B ESI-MS 7E m/z 325. 1 Ab 45 4 F 55 F I
[M+H]", "H.NMR (400 MHz, CDCL,) §:4.39
(1H, d, J=10.2 Hz, H3a,), 4.11 (1H, d, J =
10.2 Hz, H-3a,), 6.92 (1H, d, J=7.8 Hz, H-7),
7.15 (1H, t, J=7.8 Hz, H-8), 6.86 (1H, d, J=
7.8 Hz, H9), 4.32 (1H, d, J=18.2 Hz, H-10),
3.24 (1H, d, J=18.2 Hz, H-10), 3.28 (3H, s,
H-11), 10.6 (1H, s, 6-OH); "C-NMR (100 MHz,
CDCl;) §:165.3 (C-1),76.5 (C-3), 61.3 (C-3a),
162.2 (C-4), 130.9 (C-5a), 147.3 (C-6), 120.0
(C-7), 128.8 (C-8), 118.5 (C9), 128.2 (C-
9a), 37.4 (C-10), 73.2 (C-10a), 27.4 (C-11),
PLEEOE 5 SCHR 1 ] A% A a: — B G 4 %
%€ N dehydrogliotoxin,

EYW S HEERES &, mp 176 ~179 C |, IE
B ESI-MS £ m/z 331. 1 b 25 4 7 85 1 I
[M+ Na]*,'H-NMR (400 MHz, CDCl,) §:4.45
(1H, d, J=12.0 Hz, H3a,), 4.31 (1H, d, J =
12.0 Hz, H-3a,), 7.94 (1H, d, J=8.2 Hz, H-6) ,
7.35 (1H, dd, J=8.2 Hz, 8.0, H-7), 7.21 (1H,

dd, J=8.0, 7.8 Hz, H8), 7.38 (1H, d, J=7.8
Hz, H-9),4.29 (1H, d, J=17.6 Hz, H-10), 3. 42
(1H, d, J =17.6 Hz, H-10), 3.28 (3H, s, H-
11); “"C-NMR (100 MHz, CDCl,) §:165.8 (C-1),
76.8 (C-3), 61.4 (C-3a), 161.9 (C-4), 138.1
(C-5a), 116.3 (C-6), 125.7 (C-7), 129.1 (C-
8), 128.2 (C9), 128.0 (C9a), 37.2 (C-10),
73.9 (C-10a), 27.5 (C-11), DL I ¥4 5 ik
C12 ] et — 30, L G 1 5 2538 8 6-deoxy-5a,
6-didehydrogliotoxin,

a6 [T ERKB A, mp 214 ~216 C,
BT =8 Wht, IEE T ESI-MS 78 m/z 355. 1 4b
BHAESTFE TIE[M +H] T "H-NMR (400 MHz,
CDCl,) 8:4.70 (1H, d, J=11.5 Hz, H-3a,), 4. 11
(1H, d, J=11.5 Hz, H3a,), 6.91 (1H, d, J =
8.0 Hz, H-7), 7.25 (1H, d, J =8.0 Hz, H-8),
7.03 (1H, d, J=8.0 Hz, H9),3.54 (1H, d, J=
16.0 Hz, H-10), 3.61 (1H, d, J=16.0 Hz, H-
10), 3.23 (3H, s, H-11), 2.58 (3H, s, H-12),
2.34 (3H, s, H-13), 10.01 (1H, s, 6-OH); "C-
NMR (100 MHz, CDCL,) 8:163.9 (C-1), 72.4 (C-
3), 63.8 (C-3a), 166.3 (C-4), 131.6 (C-5a),
147.5 (C-6), 119.3 (C-7), 129.1 (C-8), 117.9
(C9), 128.0 (C9a), 39.1 (C-10), 72.2 (C-
10a), 28.5 (C-11), 14.1 (C-12), 15.2 (C-13),
DL s 53k 13-14 | A wE 80 — 2, k59 6
% %€ 2N didehydrobisdethiobis ( methylthio) gliotoxin

&Y T HEKAK,mp 178 ~180 C, IEE T
1F ESI-MS m/z 349.2 b4 A F 55 s [ M +
Na]*,'H-NMR (400 MHz, CDCI;) 6:8.99 (1H, s,
H-2),8.46 (1H, s, H-5),3.52 (1H, d, J=13.6
Hz, H-7), 3.00 (1H, d, J =13.6 Hz, H-7),
7.03 ~7.42 (5H, m, H9 ~13), 2.29 (3H, s, H-
14), 2.11 (3H, s, H-15), 3.39 (2H, s, H-16),
4.82 (1H, s, 16-OH); "“C-NMR (100 MHz,
CDCl,) 8:165.9 (C-1), 66.3 (C-3), 165.7 (C-
4),66.1 (C6),43.7 (C-7),135.6 (C-8), 130.9
(C9),128.3 (C-10), 127.1 (C-11), 128.3 (C-
12), 130.9 (C-13), 13.9 (C-14), 13.1 (C-15),
65.3 (C-16) . UL F&HE 5 SCHR [ 14 ] #9412 ds —
L, ALE W) T % N bis-N-norgliovietin ,
5 gliotoxin KRB~ HE B MHEFREEK MIC
wE"

W 7 A gliotoxin AR = P ELHI K 1 g+ L7 1Y
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DMSO VW . 75 96 L35 7% M b I %% IR 1k B 57
i Bk B2 B & 200,100,50,25,12.5,6.25,3. 13,
1.56,0.78,0.39 mg-L ™", F:Fh 1 1145 95 J5L 7] 1T &
W ,96 fLAR G F7 48 h, LL = M 4y BH P , DMSO 2y [
PE o WLEEEE IR H 0 0 AR ) A Y B /N B R
J& (MIC) .

KM 96 fLiE M 1T 7 4> gliotoxin 28405 7 )
Xt EEE H B W R Erysiphe pisic 1) MIC, 7 4>
gliotoxin ZE AU P %t B EE F1 B It T I 7 i A [
PR B 4 55 M, gliotoxin (1) , dehydrogliotoxin (4)
F1 6-deoxy-5a,6-didehydrogliotoxin ( 5) A4 41 & 3i& 14 &
TECE A 2 T R R B A 7 b Y R R T R = e
FR , H MIC 43 %1 ik %] 1.56,0.78,6.25 mg- L',
bisdethiobis  ( methylthio ) (2,
dehydroxybisdethiobis ( methylthio ) gliotoxin (3) 1 bis-
N-norgliovietin (7)) X 5 B [ Ji5L 18 A7 — & 14 41 1)
% M, MIC 4% %] 2% 100, 200, 100 mg-L~'; i
didehydrobisdethiobis ( methylthio) gliotoxin (6 ) 7F %
TR e BE (200 mg - L™1) S B HE 1R 6 I A A 1%
AT AT A AR A

X 7 A gliotoxin ZEACHE ™ ¥ & 1 M B BN 2R
FLTE R B W) oy B 45 B, J5 22 19 A 3 R D %
MG 1,4 F1 5 X5 m AR KA i B2
H—— R RN E Erysiphe pisi. A R4 940 1 £
Mo &Y 1,4 715 2 —mfARERLEY,
X RAE Yy E B A R PUR B P A
VEJT i V4R P 32 B2 4y 1 45 M h i B, T 4T IT —
75 AR 7/ R e Sl (1S SR I (o
P2,3,6 F17, A SCH RIS R B IE T IX 2K
EWRMBOCER . b ARBE RS HATR
SER P18 200 PR 2 0 P, T BIF 9 SRR T AR S S e
w7, fad 2,3,6 F17 XEATIF mmfLsw,
AR Z BRI 1, 1 SCHR i B B i/ Al
WG N T (PAF) B8 VE T, 9 A 32T R R &
ook B I R 25 o A SCRY RIS AR S5 3 N A |
B Penicillium sp. °] LIAE b ¥ 75 1) 72 4= gliotoxin 3§
AR W 1) TR o 9

[&E k]
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