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KMEERIEWKESE HU216 X574
HEHmEREEMN

=X, EmR, KB, BKERE, F K,
x W, KIK, TRK, KAF

(EAPHIMYE e WL A8 1R LA 5 AR 2 T R S 32, WL WM 313000)

B OB KARRET BTGB AREER (Streptomyces hygroscopicus) HU216 B |~ & Huid
YRBREBFR., Hit—F %%ﬁéi&%ﬁ% AT AR BRAR BAT B & & BORAR &3
S F AT MK AR D AT B Sk, 53] 6 NSRS, AR g A Az s 2R 4R GE (1D,
2D) 4 #H4T 45 H KR, "*Tub%aa&%— (ascomycin, 1). 3-(1-# &) K& (3-(1-hydroxypropyl)
phenol, 2). Ftb#|E (abierixin, 3). (2E,47)-8-% AR -2,4- =M B ((2E,4Z)-8-hydroxydeca-2,4-
dienoic acid, 4). % F.} (cuevaene A, 5) #= 29—0—)@; H %‘ T # % (29-O-methylnigericin, 6), F
RV JELR A BN Tt 6 AR R AR M E . EHRRE R R, EKKRE A 60 pg/ik
AR, WA 1~6 AN B —R I AHEH, H ﬂl’ﬂsé\% 1~3 &6 K F 4 A 7 1 69 4 4
55 A 85.83%. 75.74% A= 70.15%; *t F R AT E K R m R B 6937 B E 5 A A 89.38%.
76.63% Fo 62.25%; *F E KB BEJR A R E 6947 4] F 455 A 63.40%. 64.22% F= 58.50%, &M
& T AT BB R P BE (36.76%); A & A F-JE AR R B 693 ) F A A 44.61%. 34.31% A=
43.30%, P 1A 3 695E P F T Pa st BB OR LB (38, 54%) s RAEBRIFHIA A
A A ERREEARE G GG G HRMNEKEN, oW 13 A BRYPERRELZARE
FAAE, AT A H AR R A & e SR ANE.
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Abstract: Streptomyces hygroscopicus HU216, isolated from the sediment of Taihu Lake, exhibits
broad-spectrum antifungal activity against plant pathogenic fungi. To further explore its active
metabolites, the fermentation broth of strain HU216 underwent fractionation and purification through
silica gel chromatography, gel column chromatography, and preparative high-performance liquid
chromatography (HPLC). Six pure compounds were isolated and their structures were determined by
mass spectrometry (MS) and nuclear magnetic resonance spectroscopy (NMR, including 1D and 2D
NMR). These compounds were identified as ascomycin (1), 3-(1-hydroxypropyl)phenol (2), abierixin
(3), (2E,472)-8-hydroxydeca-2,4-dienoic acid (4), cuevaene A (5), and 29-O-methylnigericin (6). The
antifungal activities of these compounds were evaluated against six plant pathogenic fungi. The results
showed that six compounds exhibited significant antifungal activity at a concentration of 60 pg/tablet.
Specifically, compounds 1, 2, and 3 showed inhibition rates of 85.83%, 75.74%, and 70.15% against
Botrytis cinerea; 89.38%, 76.63%, and 62.25% against Valsa mali; and 63.40%, 64.22%, and 58.50%
against Bipolaris maydis, respectively. The antifungal activity of these compounds was comparable to
that of the positive control tebuconazole, demonstrating effective antifungal properties. The control
efficacy tests of compounds 1-3 on tomato fruits inoculated with gray mold demonstrated that these

compounds effectively protect tomato fruits from gray mold infection, showing potential for

development into new agricultural antibiotics.

Keywords: Streptomyces hygroscopicus; metabolites; structural identification; antifungal activity

RN AT R R 2O ER, HAERA
KEHBEXRTEM MG ERIVAESRANIE
T o 70%~80%KE P9 H I L B AR e 51k,
AUERR AR, R ERETK, &
o fa N R A S IR, iR 2
BEHEREEEENEEFE, HHRKPAA G
R, A0 T 3 B B 0 24 1 i) A 28 0 A . ik
Gh, PRI RE 2 Tl KB M A, i s
Bevg gy, xF NP i B A7 A5 g ol R,
TEREEME S AERVLEE L A AN R i
MEE MR RN E I, C RN PUE 4 5L
MR, 0T HESh A PT HR 42 % J A AT PR B IR
PEAREEE L.

FHFEESHENEERERE, FHMEENA
LA B AR, B TR R AR
WEit, oA E 2R AEDEER S, ML
FE T B A= W) A 245 75 T B A TE K B3 /32 AR B
FEAE R IE T [ EAE R . VA AR Sh A SR E IR
R TR AL G, BT AR S ) R
GLll, CHEN %5 K I 1 55 55 18 (Streptomyces
sp.) CB-75 5% Kig e AV BEAEH, Rk AR
s tt, PAEZMEELEY .. WA
ARG 1R BN B AR IR U, RERE PR
i) B2 R S AR A, 03 AU I A2 9 2 2R 5 B A
. BT BB ESUAE R, 60%

KT8 & WA s AT A, b T 56%
EH A P9 i LB 5| S BT IR NIRRT
BV EVE RS K RO AN W A8 A ROk 75 5K
IRk kB At U2 s () Rl 2 Al

Ry SR R K & s IR A, BF R R
K et BA F 8 W BE & W 7, ORI 7%k
IKFF A B R (acl), XTAEY% R B H A
FIVEH TS PR MR 2, B R FRME".
A VR EZH F 3N B ORI DR v 3t 0 B A5 3 160
PR B TR UG MR R bk, iR R W
100 R DA 005 R 1 B O BE AR BEAT TRk, 15
B 1 BREAG TS0 0 A HU216, &%
7€ H N WY K B B TR (Streptomyces hygroscopicus)
(GenBank % 3% 5 : PQ282546). kIR iE W /K B
B 0 AT AR TR AR R B M R, AR
HFF, WoKEER R HU216 B4~ HAa R a9
VB LERE R %, itk — DR TG 1), WEAE
TR AR ) AT E TG, IRV T
RARMTURA SR T, DLy AR 35 s
TBIRHEHTI T %

1 #HRA7EE

L1 #H
111 Wik SRR BOKBEE R (Strep-
tomyces hygroscopicus) HU216, HAVEYIE HAEY)
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S5 R AR R S MO RE B BE .

PR SRR 3 SRR RS i B (R
5%, Valsa mali)~ \AZME 59995 i 8 (e 60 R fi
W, Botryosphaeria dothidea); T K IR B 95 95 Ji7
OR KGR, Drechslera carbonum)~ % it 9%
R R B (IREERSHUEE, Alternaria solani) 38 JNFE
R R B (2 E ¥R, Phytophoria melonis)~
T AR B R R T (K HI BB, Botrytis cine-
rea), HETEDIHRHAY) S5 ES IS E AL =
o3 JiR PR PR R A
112 EHRE GYM M TR (g/L): % H
4, TEEHMIEY) 4, ZZEMIEY 10, BRIRES 4, pH
72~74. GYM REER: 7. WRHIRY 4 g, &
ZEHIEY) 10 g, HAEPE 4 g, ATVAVEVER 20, T
BIUREW 1 mL (FeSO,7H,0 1 g, MnCl,-4H,0
1 g, ZnSO,7H,0 1 g, ZM/K 1L), BIRKIRE
2g, ZZM/K 1L, pH7.2~7.4. PDA 5723 (g/L):
Wik 2 B R 200, H A 20, BiflE 200 ISP2
BrFRdt (g/L): FEBHhEY) 4, FZ IR 10, A
HWE 4, BUE 20, pH 7.2~7.4.
113 RA5MNE A, 2RO —&F
Bi FEESEAN (M al, [ 254 A 2R TR
AT OIERE. G ONE (Bigal, @it ik
s PR (P R AR AR R R A IR A AD);
LX-60 KL G (P8 22 35 B BB AR I 4 6
FRAFD: B (100~200 H, 7 St THRA
f]); LH-20 %tk Sephadex (H 4 =351k 224 7]);
HSGF254 # )2 ZE M IR (W &1L KRR IT KA
FRAF]); @ 10 cm x 100 em KFLIRBHB g JZHTAE
@ 5 cm x 100 cm BERENTHE . @ 5 cm x 80 cm #E
I EMTHE (R A 3R

ZWY-2112D 4 3§ 15 5 55 752 98 ¥ . (il &
J); L1550 & 30RO AL (R A S I = ALE T
RAMRAT]): ZF-7 B X =L i (k-
U 5% WG B HCA BR A\l ) RE-52AA JiE % 78 K AX
(LW BRAAACEE T ) 126011 = RBR i A
ZORBAX-Cyg (21.2 mm x 250 mm, 5 pm) il £ %
O FE . 6545 Q-TOF LC/MS 1 73 H¥ ¥ J5 B i A%
(ZHEE BB AR A A)); Quantum-I Plus-400 1% #
FEPR LAY (BB AP A A R A Ao
1.2 EHRABRIE &

W WK BE 75 B HU216 20 T ISP2 [F] 44 85 %
Bb, T 28 CHiFMEHRIFR 6~8d. EBIFE

B A R B B VA AN 2 4 A 250 mL
GYM F £ 7= F£ 19 1000 mL = A #E M+, T
28 C, 180 t/min FH53% 2 d B3R il 4% 4% Lk
B R R 2 80 JE2EA 250 mL GYM #1515
FRHEMN) 1000 mL =AM+, T 28 °C, 180 r/min
TR 7 do

1.3 EHRAIEH 8RR 4L

13.1 BEHRABRAERMED S E RN
PL 4000 r/min 250> 15 min, 435 b 3% VO & 44 56
o K IO I R AL B IR JE AT A R B .
95% LBE (V(BHR) : (L) =1 : 2) Belbit g I 1k
VRV, 99 U 4 45 B B AR K B VR AR W)
100 g.

132 WRNRM W st FHE R A
Y, M 100 g FERZHEAT R, 18R ARG
FEEAT B FE VR (V& ) V(TP IE) = 100 : 0,
90 : 10, 80 : 20, 70 : 30, 60 : 40, 50 : 50, 40 : 60),
BEFRE 2 Lo WA 5 250 mL/A, R 22T
(TLC) KA (MR E = %) Ratil, &
[ ZH A HIPE I & 3, 45 C WURIR4ES 3] 6 N4
55 (Fr. 1~Fr. 6), @G MEBES, 33 3 MEHEA
4 (Fr. 1~Fr. 3)o JGPEZ5) Fr. 2 gk S AT RER A
FEVERL S (V(f EK): V(2R Z./8)= 100: 0, 90 :
10, 80 : 20, 70 : 30, 60 : 40, 50 : 50, 40 : 60), £
TLC 3 & 315 3 3 N4> (Fr. 2-1~Fr. 2-3). ¥
Y49y Fr. 2-2. Fr. 2-3 45 5l AT 5% I 4 2 #r e It
V(&) (FEE)=1:1), 15 Fr. 2-2-1~Fr. 2-
2-3 ll Fr. 2-3-1~Fr. 2-3-3 6 414y, H - Fr. 2-3-
1 A¥ARIL G 1 (27.9 mg). #4173 Fr. 3 4 ODS 2
AR S A 2 BT 8 2 40 B (V(FF IR ): V(K) = 65 : 35,
70 : 30, 75 : 25,80 : 20), 15%] 3 N4> (Fr. 3-1~Fr.
3-3), %4 TLC %#r, Fr.3-2 AtbEY 2 (10.1 mg).
Fr. 3-3 2 &I 2 i L il e 2 AN 4H 5 (Fr. 3-3-1,
Fr. 3-3-2).

K FH 1) % B e ROUAE s O — 2P ik,
WP A =220/254 nm, HLiEN 20 mL/min. 2%
Fr. 2-2-1 F#4LE9 3 (18.7 mg) (I (30%~45%) :
7K (70%~55%), 25 min, tz = 15.5 min). Fr. 2-3-
2 RIMEAY) 4 (15.2mg) (FFEE (30%~80%) : 7K (70%~
20%), 30 min; g = 27.3 min). Fr. 2-3-3 F1f34L &
Y15 (7.7 mg) (FEE (35%~65%) : 7K (65%~35%),
25 min, fz = 21.8 min). Fr. 3-3-1 FELEY 6
(23.2mg) (FFlE (75%~90%) : 7K (25%~10%), 25 min,
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tr = 18.3 min).
1.4 BEHRKEHAYINEREE

K FH 18 4 T B AR 6 Fl Ak A kAT 4y
TR KA HR IS A (‘'H NMR A
400 MHz. "C NMR N 100 MHz) #E47 —4EH0 — 4k
M FE PR W 5, 38 e % P 43 BT I 4 A SR B
BHEATI E A SR o
1.5 BB R E M E

DAL A Bk 55 5 5 T L BT AR 9 9 TR
R~ 7 50RO R B L S SRR o R T
KRB 3 S5 B 7 it K B0 08 I B 6 FRAE )
iR B NN, SR IR A R LA 1~6
BHTHUE RGNS, JE4CH BS99 30 AT 60 pg/
JEAC T HANBERE, ALFEE R 3R, 28 C KiFF 4~
7d, WEAYIREEERAE AP0 B AR
R 0095 A B 2 A AR K AR (mm), AR
P A Q) HEMHIE 7, %),

ck — Dy

D
I/%ZD—CKXIOO (1)

AH: Deg AXIRE 2212, mm; D, NG
HE 2224, mm.

27 Li 250 17 00 e 2 i SR SE K 0 1Y)
2 ) 2 AR AT MR o 3 EUOR /N AR R R A AR 8
F 2% (PR FR 3 250) 0 SR B WO SR 52 2 1TV 7%
5min, JoREZABKMBE. KTJE, 730l 6 Fiik
) FH H B BC ) A 100 mg/L (I RAE AR 770 %
A A %, WA R AE AN R O B AL T
fL 3 mm x 3 mm), FLAKEFVF (3 mm x 3 mm).
5l FH T M T G R 2 TR KA i R . A A B R AT
3K, fE28 C TH:FE 3 d Ja WS fin R SE 4=
L. MERIFLZES, FRIFEAK ) HHEHM
Hil% . RIEHE K H SPSS 21.0 HAFiH T Z 7 B3
L TES N A I

2 GER5HH

2.1 E#HRRSEINSEREE

I B R B aliAh, TR K BE B
HU216 1) & BRI R 40 5515 3] 6 S AR L &
Wi, R w43 3 2R R AR R LRV 4 AT 3R TS A
IS [1) 45 AL RAEELHE (B W) &9 1~6 11
i1 .

EX1 €EY 1~6 HEHK

Scheme 1 Structure of compounds 1-6

WEW1: AR, L ESI-MS: m/z 809.5184
[M +NH,]", 814.4723 [M + NaJ*(caled 814.4717), *C NMR
F1 DEPT-135 #% Hk EEE0HE B, ZEWILHE 43 MK,
HAFERIE A 4 D (5c N 2119, 1974, 169.3, 166.7),
BRERIERRAL, EEHE 24 sp ThE, 24 sp R THE, 1A
4 W B (¢ 98.5), 'H NMR. DEPT-135 #l HMQC #% i &l
EHAEE R, WEWE 134 spP WHEE 7 AHEHRE
), 124 sp® WAL A9 NFEE (BLHG 3 AN FAEEL).
MHEA TN Cy3HgoNO 78 E 10 MAVEFIE . 'HNMR
(400 MHz, CD;0D) 6y: 5.23-5.27 (2H, m, H-20, 28), 5.12-
5.13 (1H, d, J = 6.8 Hz, H-26), 4.36-4.40 (1H, m, H-2), 3.98-

4.07 (1H, m, H-14), 3.74-3.76 (2H, m, H-24, 31), 3.64-3.67
(QH, m, H-6), 3.44-3.52 (H, m, H-13, 15), 3.43 (3H, s,
OCH;), 339 (3H, s, OCH;), 3.37 (3H, s, OCHj), 3.35-3.39
(1H, m, H-32), 2.85-2.90 (1H, dd, J = 14.6, 4.2Hz, H-21),
2.47-2.53 (2H, m, H-23), 2.14-2.39 (4H, m, H-3, 25, 29),
1.95-2.04 (2H, m, H-11, 18), 1.39-1.83 (14H, m, H-4, 5, 12,
16, 30, 33, 35), 0.85-0.98 (12H, m, CH;). “C NMR (100
MHz, CD;0D) 6 211.9 (C-22), 197.4 (C-9), 169.3 (C-1),
166.7 (C-8), 138.4 (C-19), 132.6 (C-27), 131.3 (C-28), 123.8
(C-20), 98.5 (C-10), 83.9 (C-31), 80.2 (C-26), 79.0 (C-15),
77.6 (C-13), 75.5 (C-14), 74.2 (C-32), 69.0 (C-24), 56.7 (15-
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OCHj,), 56.4 (13-OCH,), 56.4 (C-2), 55.4 (31-OCHj3), 55.4 (C-
21), 54.6 (C-18), 52.4 (C-6), 40.2 (C-23), 40.0 (C-25), 34.8 (C-
29), 34.5 (C-16), 33.9 (C-11), 32.2 (C-12), 32.2 (C-33), 31.8
(C-34), 26.8 (C-3), 26.8 (C-17), 25.9 (C-5), 25.9 (C-35), 21.2
(C-4), 20.7 (17-CH3), 15.9 (11-CHj;), 15.2 (19-CH3), 12.5 (27-
CH3), 11.9 (C-36), 10.7 (25-CH;). % & %tk & ¥ 1
'H NMR F1°C NMR %4l , 45 & 505 = 40& W 4
B, FET S B E, WEZ AN TRER
(ascomycin).

WEM2: AR, S ESI-MS: m/z151.0764
[M-H]", %54 H'H NMR F1°C NMR $48 #E H 2 728
CoH,0,, R H 4N AMME . 'H NMR (400 MHz,
CDCl;) 6 7.21 (1H, t, J= 7.8 Hz, H-5), 6.88 (1H, d, /= 7.8 Hz,
H-6), 6.86 (1H, s, H-2), 6.75 (1H, d, J = 7.8 Hz, H-4), 4.57
(1H, t, J = 6.6 Hz, H-7), 1.78-1.80 (2H, m, H-8), 0.93 (3H, t,
J=17.4Hz, H-9). “C NMR (100 MHz, CDCl;) dc: 155.9 (C-
3), 146.4 (C-1), 129.6 (C-5), 118.4 (C-6), 114.5 (C-2), 112.8
(C-4), 75.9 (C-7), 31.7 (C-8), 10.1 (C-9). L& ZLEMH
'H NMR F13C NMR #48 H 388 5 SClk L, e 14k
G 3-(1-72 TN 3E) KMy (3-(1-hydroxypropyl)phenol).

WED3: TEMK. =Pl ESI-MS: m/z742.5114
[M + NH,]'(calcd 724.5105), *C NMR Al DEPT-135 #%# &
IR SR, ZHAEWILE 40 AR, HPaE 1A mRE
(0c N 170.3), GIE 14> sp® Z=hk, 1 A sp? BBk, 2 M4
BR % (6c v 107.7, 99.2), 'H NMR. DEPT-135 fl HMQC
B w5 SR, WAAE 154 sp IR B AN &4
WHR), 104 spP WHEM 10N E (B 24MHE
). 454 H'H NMR F1°C NMR 85 #0022 7 K
CyoHesOq1» R A 7AW E . 'H NMR (400 MHz,
CD;0D) dy: 6.56 (1H, d, J= 8.6 Hz, H-3),3.92 (1H, d, J=2.4
Hz, H-7), 3.81-3.83 (1H, m, H-21), 3.74-3.76 (2H, m, H-17,
24), 3.53-3.61 (1H, m, H-9), 3.33-3.36 (2H, m, H-30), 3.30-
3.32 (1H, m, H-11), 2.53-2.54 (1H, m, H-4), 2.11-2.13 (1H, m,
H-14), 2.08 (1H, m, H-12), 1.96 (1H, m, H-22), 1.95 (1H, m,
H-23b), 1.93 (1H, m, H-15a), 1.86 (2H, m, H-19), 1.81 (1H, m,
H-18b), 1.75-1.78 (2H, m, H-10), 1.75 (3H, s, H-39), 1.55 (1H,
m, H-26), 1.54 (2H, m, H-6), 1.53 (1H, m, H-23a), 1.49 (1H,
m, H-8b), 1.49 (1H, m, H-18a), 1.47 (1H, m, H-15b), 1.47 (1H,
m, H-5b), 1.38-1.39 (2H, m, H-27), 1.35 (1H, m, H-8a), 1.25-
1.28 (1H, m, H-5a), 1.23 (3H, s, H-35), 1.17 (3H, s, H-34),
1.01-1.03 (3H, m, H-37), 0.96-0.97 (1H, m, H-28), 0.96 (3H,
d, J = 7.6Hz, H-33), 0.90 (3H, d, J = 5.6 Hz, H-32), 0.89 (3H,
s, H-31), 0.88 (3H, s, H-36), 0.86 (3H, s, H-38), 3.36 (3H, s,
40-CH3). C NMR (100 MHz, CD;0OD) dc: 171.7 (C-1),
149.4 (C-3), 127.7 (C-2), 109.2 (C-13), 100.8 (C-29), 87.7 (C-
21), 85.7 (C-25), 85.7 (C-20), 82.7 (C-16), 79.9 (C-17), 78.9
(C-24), 78.9 (C-11), 71.2 (C-30), 71.2 (C-7), 64.5 (C-9), 58.0

(40-CH3), 49.8 (C-26), 44.1 (C-6), 40.8 (C-15), 38.5 (C-14),
37.0 (C-12), 36.1 (C-22), 35.8 (C-10), 35.4 (C-28), 35.0 (C-8),
34.4 (C-23), 34.1 (C-5), 33.9 (C-27), 33.9 (C-4), 28.8 (C-19),
28.8 (C-35), 25.3 (C-18), 23.5 (C-34), 20.5 (C-38), 18.1 (C-
39), 16.4 (C-33), 16.3 (C-32), 13.5 (C-36), 13.3 (C-31), 12.7
(C-37)o L& EALAYIIH NMR AI3C NMR #4E 3 i
5 SCHREXSeY, 658 124k A 9B EERITE (abierixin) o

WEW4: BEMR. SR ESI-MS:  m/z 183.1027
[M-H]", %4 H'HNMR F1C NMR 4 #E H 7008
CioHi03, 7 E 3/NAMWAEE . 'H NMR (400 MHz,
CD;0D) 6y: 7.68 (1H, t, J = 13.5 Hz, H-3), 6.16 (1H, t, J =
11.1 Hz, H-4), 5.89 (2H, m, H-2, 5), 3.54 (1H, m, H-8), 2.44
(2H, q, J = 7.7 Hz, H-6), 1.53 (4H, m, H-7, 9), 0.94 (3H, t, J =
7.5 Hz, H-10). “C NMR (100 MHz, CD;0D) J.: 171.9 (C-
1), 141.5 (C-3), 140.8 (C-5), 126.8 (C-4), 121.4 (C-2), 72.5 (C-
8), 36.2 (C-7), 30.3 (C-9), 24.6 (C-6), 9.9 (C-10), & iZAL
A WH'H NMR F1°C NMR 48 JF 18 5 SOk e, i
SE GG YN QEAZ)-8-F5 I 2 2.4-T 1 TR ((QE,47)-8-
hydroxydeca-2,4-dienoic acid).

b &Y 5 EGHIR. B4R ESI-MS:
353.1418 [M-H]", %54 H'H NMR FI*C NMR 3 # ) 1
BFRA CyHpOs, HRA 11 MAMAE, 'HNMR (400
MHz, CD;0D) é,;: 7.14 (1H, d, J = 8.7 Hz, H-16), 7.02 (1H, d,
J =154 Hz, H-3), 6.68 (1H, d, J = 2.5 Hz, H-19), 6.62 (1H,
dd, J = 8.7, 2.5 Hz, H-17), 5.99 (1H, d, J = 15.4 Hz, H-2),
5.85-5.90 (1H, s, H-5), 5.78 (1H, d, J = 10.1 Hz, H-7), 3.84
(1H, dd, J = 9.6, 7.5, 5.1 Hz, H-8), 3.64 (3H, s, H-21), 2.69
(2H, td, J = 6.3, 5.8, 2.3 Hz, H-11), 2.23 (3H, d, /= 1.3 Hz, H-
20), 2.04 (2H, td, J = 16.4, 12.5, 7.5 Hz, H-10), 1.92-1.80 (1H,
m, H-9), 1.61-1.52 (1H, m, H-9). "C NMR (100 MHz,
CD;0D) dc: 171.1 (C-1), 156.0 (C-13), 153.7 (C-15), 153.6
(C-4), 150.3 (C-18), 143.1 (C-3), 133 (C-6), 130.3 (C-14),
140.5 (C-7), 119.0 (C-2), 105.3 (C-19), 115.8 (C-16), 112.3
(C-12), 111.7 (C-17), 130.4 (C-5), 60.6 (C-21), 33.6 (C-8),
31.0 (C-9), 24.3 (C-11), 22.5 (C-10), 15.4 (C-20). % &iZik
A1 H NMR F11°C NMR 4 018 1 5 SCwk EL XS0, 1
TEZNAYNIE B (cuevaene A).

&Y 6: Ak, & g ESI-MS:
761.4816 [M + Na]'(caled 761.4816), “C NMR Al DEPT-
135 RS B B, i &WILE 40 ANk, Kb a
1R E (00N 176.3), BFE 2 M4 TR (0 N 107.9,
100.8), 'H NMR. DEPT-135 1 HMQC # f & ik %5 48 &
N, WEME 154 sp® KA HEE @AM EHIRFE), 104
sp’ MR (135 500 YR ) A 11 A R (B4 2 DA
5y, dity 5 BRI EEIEE ML, AUFE 29-C b BT %
S, 4G 6 Bon R HERHE, HMBC BlHEHHRE TR,
H-31 5 C29 & R R — Dk H B E. 46K

mlz

mlz
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'H NMR F1°C NMR # 4 HEM H 77 308 C4Hp00y, #7R
HTANEAE . 'HNMR (400 MHz, CDCly) dy: 4.28 (1H,
td, J=7.7, 3.5 Hz, H-24), 4.14-4.19 (2H, m, H-7, 9), 3.89 (1H,
d, J = 4.6 Hz, H-21), 3.75-3.79 (2H, m, H-3, 17), 3.71 (1H, d,
J = 11.7 Hz, H-30a), 3.54 (1H, d, J = 11.3 Hz, H-30b), 3.46
(1H, dd, J = 9.3, 3.0 Hz, H-25), 3.38 (3H, s, 11-OCHj3), 3.32-
3.35 (1H, m, H-11), 3.29 (3H, s, 29-OCHj), 2.38-2.40 (1H, m,
H-2), 1.26 (3H, s, 16-CH,), 1.17 (3H, s, 20-CH;), 1.08 (3H, d,
J =172 Hz, 2-CH;), 0.99 (3H, d, J = 7.0 Hz, 22-CHj3), 0.96
(3H, d, J = 6.0 Hz, 4-CH,), 0.94 (3H, d, J = 5.5 Hz, 12-CHj;),
0.88 (9H, m, 14-CH3, 26-CHj, 28-CH3). *C NMR (100 MHz,
CDCly) d¢: 176.3 (C-1), 107.7 (C-13), 99.1 (C-29), 86.7 (C-
21), 84.2 (C-20), 83.6 (C-16), 81.9 (C-17), 79.3 (C-11), 77.8
(C-25), 77.2 (C-24), 73.6 (C-3), 69.4 (C-7), 64.0 (C-30), 60.4
(C-9), 58.4 (11-OCHjy), 48.6 (29-OCHj), 43.8 (C-2), 40.4 (C-
8), 39.3 (C-12), 37.1 (C-15), 36.7 (C-14), 35.8 (C-28), 35.5 (C-
27), 35.2 (C-23), 35.0 (C-22), 34.2 (C-10), 33.1 (C-4), 32.5 (C-
19), 27.7 (C-26), 26.9 (C-6), 26.0 (C-5), 25.0 (20-CH3), 23.0
(C-18), 22.5 (16-CH,), 17.6 (14-CHy), 16.1 (22-CH,), 15.7
(26-CH,), 13.0 (28-CH,), 12.6 (2-CH3), 12.5 (12-CH3), 11.0
(4-CHy)o Z:5 %46 &9 H NMR F1°C NMR #3338 i
5 SCEREEX Y, g AL &Y 29-0-)8 H AL H & (29-

O-methylnigericin).
22 EHRRSEEYIIEREMN

WAPEAC LR 6 MA W S BHME XS B 259
I e T A A F B A R a0 3R 1 A 1 TR . 7E 30
ng/IEARR T, LAY 1A 2 X SR R 4295 5 R
A BRI EIE 0 5 )ik 89.87% Al
76.31%, 35158 T FH X BRI BT (73.22%); fb&
1. 2. 316 X T oK [F B iR B A R 1 T
FIEF, JMHR 515 64.38% 52.29%. 46.08%
F151.08%, 1415 T~ BH L% R e S (38.44%); 1k
G 1. 2. 5 F 6 X i 9% 5 9 A A 1 4 A
FH T BT B R R (32.16%) , TAL& 1)
3 FdIE S XA . 7R 60 ng/dB4R R,
AW 1. 2 FT 30 S 2K B S T T A ] 265301
ik 85.83%. 75.74% M1 70.15%, 558 T BH L% 18
IRPEEE (61.43%); LAY 1. 2 A1 5 Xk T8
99 973 J5R TRT (1) 40 1) A FH 5 B A S5 R S i (22.98%)
s B 1) B IR f 5 T B A 410 1) 22 98
29.12%, 5T FH 10T HE R BT (19.65%), HiAt Ak
B -5 B A o R e e 0 o R B

HE 1~6 Xt 6 TSR EEAIHIEIZR

Table 1 Inhibition rate of compounds 1-6 on six plant pathogenic fungi
e K ﬁ%#ﬁ)‘@‘:’ﬁ dﬂ‘?ﬂk%—j}a‘?%ﬁ Iﬂﬁ{}yﬁ %ﬁﬁﬁ%%ﬁ Eﬁf[\\i‘%@fﬁ %ﬁb{j‘
Compound Concentration/ L W ﬁlﬁlﬁ‘ R T S _ ]

(ug/tablet) Valsa mali  Botryosphaeria dothidea Drechslera carbonum Alternaria solani  Phytophoria melonis Botrytis cinerea

1 30 89.87+3.12a 30.56+1.64a 6438+192a 40.85+2.32b 19.06 +1.01 ¢ 8541+1.12a

60 89.38 £2.88a 30.42+0.67 a 6340+241a 44.61+3.12a 29.12+ 126 a 85.83+232a

2 30 7631 +£3.11b 20.59+1.42¢ 52.29+3.52¢ 37.09+2.73 ¢ 1970+ 1.12 ¢ 77.22+2.99b

60 76.63+1.73b 2451+ 1.61b 64.22+397a 34.31+£2.67 cd 19.27+1.45¢ 75.74+£3.35b
3 30 0.00 £ 0.00 7.03+£1.92d 46.08 +1.31d 30.23+2.42d 7.07+£041f 65.21 £3.12 cd

60 62.25+3.39¢ 735+£0.79d 58.50+4.05b 4330+155a 18.20 + 1.45 c¢d 70.15+ 144 ¢

4 30 245+030¢g 572+0.83¢ 0.00 £ 0.00 0.00 £ 0.00 11.35+0.66 ¢ 0.00 £ 0.00
60 4428+ 1.19¢ 7.68+0.12d 278+1.65¢g 7.19+£0.75f 20.99+0.53 ¢ 20.30+4.31f

5 30 4444 +225¢ 19.44 +£1.28 ¢ 31.37+£2.05f 19.61 £0.53 ¢ 21.63+0.58 ¢ 1098 +047 g

60 52.29+£2.20d 3023+142a 3056 £1.42fF 30.56£1.25d 16.06 £1.52d 941+2.12¢g

6 30 12.00 £2.08 f 582+£222e¢ 51.08+3.19¢ 36.23+341c¢ 4.07++.62¢ 49.78+2.41 e
60 5825+194c 791+£3.12d 5831+1.42b 46.53+1.14a 24.12+1.83b 5583 +1.17 de

Atz 30 73.22+3.65b 1921 +2.11¢ 38.44+188¢ 32.16+1.36d 19.99+0.42¢ 5041+2.12¢
tebuconazole 60 7431+4.18b 22.98+1.78 b 3676+195¢  3854+£328c 1965+ 115c  61.43+429d

VE: MR BAPEZGTIS B 0 R D + BB E RN RS RVNS FREFOR AR a=0.05 KPP ZER R,

Note: Tebuconazole is included as positive control; inhibition rate were presented as mean + SD. Different lowercase letters in the same column indicate

significant differences at 0.05 level.

100 mg/L ¥ 6 > FARAL 54 b FH A X 8 245 4)
I M 6T 2 i R SIZ 42 b K B 9 A4 ) R8OR n 3R 2

FME 2 Frw. SXIRAML, k&% 1. 2. 3H

6 5100 B A 2K
E'ﬁé%ﬂk{)&d\y
A 0 K E I I KA

IREETR IR S AT W S AR, B

HA b4 1 0 2 7] DL 5E 440
& 3 F 6 3 K B
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5 R R X S SRR JEE S SR B I T P s AL~A4L AL 1~3 R St S LAt JEF 25 SR B R P VS s B
iﬂﬁ?iéri BI1~B4. LAY 1~3 Fl 5 M 6o 6 K 58 B 975 R B RO B TR 06 14 s C. &

M 1~3 T T X 3 0t R0 9 i B P 70 B 12

25 A0 R T K 5 B I
2 [ ] RS 2 i R 0 0 B R I PR S s CL~C4. b

A. Antifungal activities of control against V. mali; A1~A4. Antifungal activities of compounds 1-3 and tebuconazole against V. mali; B. Antifungal
activities of control against D. carbonum; B1~B4. Antifungal activities of compounds 1-3 and tebuconazole against D. carbonum; C. Antifungal
activities of control against A. solani; C1~C4. Antifungal activities of compounds 1-3 and tebuconazole against 4. solani.

1 LAY 1-3 MIREEHE

Fig. 1 Antifungal activities of compounds 1-3

®2 WA 1~6 IEMRSHAINFEIR
Table 2 Inhibition rates of compounds 1-6 against
Botrytis cinerea

o PR E X1 s
Compound Concentration/ Inhlblthn rate e})gamst B.
(mg/L) cinerea/%

1 100 100 +0.00 a

2 100 100 £0.00 a

3 100 90.18+4.22 b

4 100 4.42+0.66 ¢

5 100 10.03 £ 1.51e

6 100 7435+3.74¢

teb}iﬁ%ole 100 62.31+3.68d

Ve RPEEE AR LI S0 R L E £ B IREROR
FIFIAE NG FREROR A G HTE a = 0.05 KFZEREF.

Note: Tebuconazole was used as the positive control; inhibition rates
were presented as mean + SD. Different lowercase letters in the same
column indicate significant differences at 0.05 level.

1 2K B T 90.18% 11 74.35%, 47 T FHPE
X HR 25 AT (62.31%) 0

3 5t
ARSCHIE T T WA e Ym0 328 21 (1 IR 7K B

W HU216 AR ™ 4 S Bt A8 0 9 TR L T 0%
o SIEMHIEES, MWRBER S B At 6 A ik
&Y, Z%ErHNT %S Z (ascomycin, 1),

3-(1-F2 %) K (3-(1-hydroxypropyl)phenol, 2).
B L FI % (abierixin, 3). (2E,42)-8-F3L%%-2.4-—
1% BR ((2E,42)-8-hydroxydeca-2,4-dienoic acid, 4)-
JE FL (cuevaene A, 5) Fl1 29-0-Je H A B & (29-
O-methylnigericin, 6). W5 PEMAAS REW, &
Yo 1. 2 A0 3 SRR R LR SR . ORI B
995 5 B R0 7 it K 85 05 3 B R 3R L R S 3 ) I ) 2K
B, B R &Y 1 A1 2 78 100 mg/L T A 58440
1) 2 0 A B o 9 D B ) ARG, (R E S Ll R Bk T IS
o R BT F05 6 L iR L ol e o e S
WA A FREEE R dIE o SCRR R ) WK B
W (Streptomyces hygroscopicus) RS = A G 11
HFF I 2 (rapamycin). T2 % & (ascomycin),

LRSI E D HE R (nystatin). FINEFER
(toyocamyein)?' 2 ZEVE D,  HE A 1) 45
FIEATE M, Ui WA R AR ST Y[R — 5
TAERB = RA — 22 EtE. R RER T
K] JEE Ve RUR IR /K B B T HU216 77 A2 R IR A4S
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XTHE (CK)

N e -

A
L

(QEAZ)-8-F

WML (tebuconazole) ((2E,42)-8-hydroxy

& 2 /\W1tA4%ﬁEa1¢§nu%y-_t7‘§ﬁElE’]Bﬁln&ﬂ%

[i] b A1 (abierixin, 3)

/propyl)phenol, 2)

29-0-Je I F| T+ %
(29-O-methylnig

Fig. 2 Control efficacy of six compounds against grey mold on detached tomato fruits

PRSI, T R AR BT AE R R T
A PRI

2 A P ) — L H 2 W R B R
U, AEFIRPUE 2 e A SV TR EE A
BRER AR AHITIE R IR BE R 1 HU216 X1
PRI B ST A, B BT T
. &1 TEFERZE MR AEEETTHE
4y, HToA E B A R bl PUwE &t
HEIERIY, 538 1A [ WA AR IR
P71 T 2001 4F f_ B TTR 2GR ST QI R .
AL KT, XWHEERGE, BeBIIRAE K
FOR/NBERT A 2 A E G BUSAR 2 1l S
UERY, A RE NIEXE D . AW FT KR IE
A RIFPUAR AR &% 2 4 2-(2-hydrox-
ypropyl) phenol [1] 25 Ll #1 ,
phenol J& — Fl 4 24 2% B 7] 2-allylphenol (2-AP) [
RB=4, vTHURNRE B (Pythium aphaniderma-
tum)~ T 0 A B0 99 i A A 22 R 0 iR 1 O,
AW FERDA B 2 MRIL 1 B BT H EE
Phe A& 3 A 6 FEREBRL S, Ktk a1 3
YRGB NG, B HU4ETE AT ER S PEL
WA 6 e H AL 3R AT A9, AT RIAE B
JZCY, e HANEE R A S BAH EEKHTAE
PR, FEABRT ARG 3 0 6 BRI T
—i%fﬁiﬁ@ aEW s hEimEELEY,
AU E TR, A0 R I A B i A
E&ﬁo$i§&EM¥%ﬁ%Nm&M$%F
T3 B R BT AR 9 g Ji o A 2 0 2 0 0 iR T
AR, 0T 3 R JE s 0 995 T T A0 K [

2-(2-hydroxypropyl)

993 05 iR TR A SR R A A VE B, 7 30 ng/PE AR B
H1Z 2 59 89.87% H1 64.38%, 43 T [ 4k Xof &
TR A I B EE AR . 29-0-J8 H A B
FM 3-(1-F32 A 3E) KMyt 13k 5 i A )i B
(1) 26 5 BH P BEAH 2 4B 4 F0 S %) 6 Fp
P R I — E EER . PR REE
TFREFFE )M 3-(1-R W) K (2) M #05E
W, IR T FEE R R R S
1o 3-(1-FRNHE) 0 DAL W B oy T 45 M B R T
XF 22 AR A 5 B TR 2 AR, AT YRS
WS Ewt— BT R . HAEEMA G TR
e R 7 SRRz A A e YR E BT E T

ERT, Hozea i ZomtEE LSS, A fridi—P
WFFEIRTS
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