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Abstract: Large-scale fermentation of rice by the entomopathogenic fungus Purpureocillium
clavatum was carried out, and the crude extract was separated and purified by several modern
natural product separation methods. The structure of the compound was identified by nuclear
magnetic resonance (NMR), mass spectrometry (MS), circular dichroism (CD) and other
spectroscopic methods. Seven compounds were obtained from the ethyl acetate layer of the rice
fermented extract of the entomopathogenic fungus Purpureocillium clavatum, including one new
compound, purcilliumene A (5), four steroid compounds (1-3, 6), one sphingosine compound (7),
one other compound (4). Antimicrobial activity screening revealed that compounds 1, 2, 3, 6, 7
showed significant inhibitory effects against Colletotrichum capsici, Hypomyces odoratus-I, and
Trichothecium roseum. Compounds 2 and 7 also showed inhibitory effect against Mycobacterium
tuberculosis.

Keywords: Purpureocillium clavatum; secondary metabolite; antimicrobial activity; Mycobacterium
tuberculosis

HEEE R UFEERE R 4, BRI S IIREE AT 2018),
Y ERER, BEAEE. REMETFEFAWen  FE S RE R X — 0 B PSRN0 i A
et al. 2016b; Xiao et al. 2023), HEA/ENEER 40N T SR A CEEEAAYEE S, I HAE R #

A HERHRIEAERECA 2 000 24098 L,

KB AR T Box 4 HUE # Ophiocordyceps
sinensis, 1%L Cordyceps militaris, | 4 1B
Cordyceps guangdongnesis , LA K W fF y %%
Cordyceps chanhua 5T e T 12 o F 53 AL
PR M R A=y aT LU T 299 &, anh g
BEEA Hirsutella sinensis A B 22 Al B A«
ATERE”, HIRIGYT B . B Rl kg LA S 19
i AVAHINIGYT ; PR ER | JF S fmAE Ry S ie il
il —Z 25 0 FH T PR 5 47K 5 e 20 7 2 R s
RS TR HUORLTR 22 44 H A R ) 25 B P

I BT 28 e R B3 0 &2 1l (Zheng et al. 2020

Rabie 2022; 5KWI% 2024); rhEFRBE A
Yy A PR A BRI T SR B 9T A R B
FRENE S MUY — R T (RIS 1999),

B R AR 37 I B HL BT R B 45 4 A8 E P (Xia
etal. 2017); WAL HL 5 (Aratjo et al. 2021) 7] PASE
G L F 22 AR K G ST T S5 HIR I (1], 6F fieh g
SE RV, P LA IR R PR, THBRECH
WY BRI A . DRESERIEF (FRiE Fil
ZHE 2009; BREEEE 2015); Mt e RE
Keithomyces neogunnii H & F1 3 57 1) 1 22 152 fit
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PIHIFI(Lu et al. 2014), HEAA R0 HI B R 41 i 1)
AR JTAESR, BRSO RS R A
b ok B A B A R A5 R I TE M gy,
Papiliomyces sp. 143 25 it —Fl BT 1 2 A7 5/5/5/6
IR & 1 DU IR — 5 221k B 9 papilone A(1), H
X RAW264.7 21 il th Ig 2 517 T 1Y — AL /™
Az B AR B B A0S 7 (Sun et al. 2022);
M Ophiocordyceps spp.F1 Purpureocillium spp.H
STEARE 4 Frega R R ELY(KIL et al.
2020), HATRIZEREPEMFH IE mTORC 5515 F3F
Wi LAR WERIANA A AE K ; ML Ophiocordyceps
sobolifera H1 432515 2] —Fp i Bl Z 254 PS-
T80, HA RIFMtEibifitE(Le etal. 2022); M
M H R S AR () KO TR A B AR B — AN
(%)l i (Chiu et al. 2016), BEANHI LPS Hl#4m
RAW264.7 B4 2R PE INOS 2 FH AT
£, JFRAL COX-2 BEHMERIA. T RAEHE
AR B Z [ AR EAE T, e T2 R A Y i
AR BN S 2020), Purpureocillium lilacinum
Oy UL 2 Z IR UG . JLT BiEaE, Sk Rk
R FABRULT B o 1 R, e — AR 5R 0 A=
BT, A A T TR YA A 0 A L0 A BB A (B
PEWESE 2018; Chen & Hu 2021); A UL A 5 BB
I P B A3 ELA A e A I T

AT B R ER S AUE P, clavatum
(Xiao et al. 202584k i T TR AT,
T RERCAT R BT . B A L £ HPLC 55T

*1 FAREENEERER

B B e A R S A B ORI S iy, 1521
7 AWRGACHT ), KA RE(NMR) | B35 (MS) |
8 — (4 1% (CD) A5 J7 ik Mg Heahi by, JEXS 73 i A
FIMALE PR T T HURITE PRS2 56 o LAY o %) H
P B 73 S ARG PR O i, St — 20T A
U SRR SIS AR

1 AR

1.1 78
1.1.1 =tk

R R0 B B R A S 4 2T K ELR B AT
E SN 2 B R IE 5 56  HUATL 0 I B R 5 4%
S RO BRI S 06 i P DR R R 5N R A Ak TR
ORISR 22 e gt BAE R LR 1,
1.2 #RAn5

C18 S [kl (UniSil 30-120 C-18); % b
HEWE LH-20 (Lo R FERHE A BRA A s AH)28T
P FEE N2 €803 (7 S PR AL A PR /D) 5 it
F R L it L A(DMS O] . At
TR (T R e R IR A FE]; H
B, LMROER. W he . Ailikulizb);
NG A7 BT RECRHET & TR 44k A IR
ONFDY s TE ROR CR B TR AR i PR
Al); HAROUARRREAEYRHCABRA ).
1.1.3 &R

g% 7% & {{ (Heidolph Hei-VAP-Core); =54
WAH 215 (Agilent Technologies 1260); %84k 4y

Table 1 Main information of test pathogens

Gl TR 9 Ji7 R 44 5K E

Strains Pathogens Diseases caused

GZUSH5-1  3rAfi#2#% 1 Rhizoctonia solani IKRELUAESR Rice sheath blight disease

GZUSH2-1 BHUREITE Colletotrichum capsici BHHIHIR Pepper anthracnose

GZU1-1 HHEZHERE- | Hypomyces odoratus- | IS Cobweb disease of Morchella sextelata
Tr.G8 BreT Bt Trichothecium roseum £I¥39% Pink colouring

FGZU1-1 RAHREAME Fusarium graminearum INELAYE Sharp eyespot

GZQZz49-2 AZET Trichodema sp. JE£4R Decay

BJWNU7 W A 4E 7 - 11 Hypomyces odoratus- 11 “EEE RS Cobweb disease of Morchella sextelata
H37Rv LEZ AT Mycobacterium tuberculosis 259% Tuberculosis
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R

X MEAE R ZF-36X) ; 2L /MY (Thermo
NICOLET iS10); #¢4MtiE(Agilent Cary60); %
HARE{Y (Bruker DRX-600/AVANCE NEO-400);
B AR A (B LR A {4 KQ-500DE); 1
S HEI IS (Agilent HP5973); HLF K F-(Sartorius
BSA1248); [# —{4ii%(Chirascan v.470194); HJE&
il 7 AR T 751 (TAUTO TBD2000); DH3600 %!
HL AR TR 3R AR R EE T 2 IR A BR A Wl )5
HH B11 420 L AAFE TR 3G SR 46 (BRI BT A
Iy, FHEAH 28 VK W e (VL3 8 e B 7 i ik
BB FE]), HD-650 5 1A (K6 KM TAE
B A M EE R R A A,
1.2 753
121 BREBMEAERRKXNIELBEIESR

WIRAET 4 CCUKFE b B R 58 70 TR TR AR A%
T3] PDA i ge ke, 25 °ClEF%E 14 d, ¥idfbiy
IRELL 5% (IR L) R A0 2] PDB $%
Figkh, 7E 25 °C. 250 r/min IR 4 d,
5 W B IR A AR R LA 5 mL B4R
AFOKEMARRE AR (40 g FOK, 0.12 g FE R,
60 mL ZETFA)H, 1E 25 CREEABE h R
30d, L& 508 ffi(Wen et al. 2016a).
122 RERHEZINSE. R

PR FRAF I O EE TR O s, T — &
P, CERIFIRTE, CROBERE %
Bs R 75T, 153D 118.2 g0
K E AR FE(200-300 H), DL =450 H k- F s
(100:1, 80:1, 50:1, 20:1., 0:1, A&FL)JBEME
FIREEEUEI, 2 EETLOMNDTRE, &
JEARI S, 53] 8 N4 53 (Fr.1-Fr.8).

Fr.2 4R2LHre , (i H RO RE AT i i 7 4
B, HIEE-K(100:1, 80:1. 60:1, 40:1. 20:1.
0:1, R FATRE VR AT S 5 A
(Fr.2.1-2.5), Fr.2.5 i {IEA T stk 170
B, A - EE(100:1, 50:1, 20:1, 0:1, f&
FREPEATREREVEI , Fr.2.5.3 A AR ik
Mrit, S EEEIE AT LG 1 (20 mg).

Fr.2.4 3833 1 i & = 0B AR (i i BE - TR B (2
f-7K 5:92-160:0, f&FILL, 3 mL/min), 4315
FMLEY 2 (2 mg, tg=29.20 min), Fr.2.3 4¢3k
FIRR BEVEME(—S U HH bE-F BE=50:1. 40:1. 20:1,
0:1), /FEARELEY 3 (157 mgFLEY 4
(1.0 mg)o Fr.3 ARZLFEAE, {f HIEAHRE AT (i
MRS, 4 - 12(80:1 . 60: 1 ,40:1.,20:1 .
0: DIEATREEEVENE, 53] 5 N4, Fr3.2 Bl
AT A AR, St g o
Br, 1B3MEEY 5 (2 mg). Fr.3.4 4k8:0dFHEAH
ISR T B, A - ST RS, 3:1,
2:1, 0:1, FOSATEREEVENL, &Rl s
Y6 (10.5 mg) L5 7 (12.6 mg).
123 REREEIHNEREE

X e Rl G, SRR R, A
TEA(DMSO) ., SiACE T A g, WIHHEAT
'H-NMR #l PC-NMR . 5535 ) CD 355047,
I 5 R 95 45 (2024) I BE X LS R BRI A
YIZER
124 IMEVEMXE

Piows JE TR R MR S0 . R FH SL MG 2 A%
Rhizoctonia solani . HHEURI 2 /154 Colletotrichum
capsici ., 7 24 - I Hypomycesodoratus- | .
W4T PR A Trichothecium roseum., AR AHEAU
Fusarium graminearum, A% E Trichodema sp. |
W24 - 11 Hypomyces odoratus- 11, 3t 7 #
P, DAL S BRI . KDL B
7 BRI TE PDA 53Rk B f—ik, oF
Mise i w . R ER- T AERKEERR, 7F
25 °CFH5F% 3-4 d Bl HAy 5 BRI
25 °CNEEFE 7 d, PiA BAREYITE RIS S0 T 85
Ito WERAFRBUILAD 1. 2. 3. 6. 73X 5 ML,
JtH DMSO #HALHI AL 10 mg/mL [HER; B
il 5% DMSO T I, A FITEXT BR2H . TER 750
SR EAER S mm PR EEE Y, R 2 5O
WEER) 5 MMEE YR b (A G e
MU R 20, 40, 80 pg/mL), FEBEGEMT,
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SIAGZALT . B A A1, 7E 25 °CHEFE 3 d
SRR BRI, A 5 bRIakREE SR 7 d
Ja, MEEVE BRI, AKX IR AK
R R BE IR T 3 R SR (P45 2019),

T /% _
. )

PUEEAZ S BOFF B I PRI & S il % Middle
brook 7TH9 5734 . MEFIFREULS W 1. 2.
3. 6. 7 I DMSO Bi#il 4 mg/mL AYRER
JilA Middle brook 7H9 ¥;3E3k, Wl 40.
80 pg/mL AYVKEEL, Rk BE B AE o I W A
34, T 3 WOPATELE . 5%01) DMSO SRy B
XFREZE, BHMEXTREZEA 0.25 ng/mL (15748 k.
A P JC B F2 0 B R0 60 55 55 () S5 A% S0 AT o L 7
AT 5 P9 G 2 B AN E T TS B K e s
B, IR R R T D 27 LG LA 1 SR (Y
3x10° CFU/mL). 7 i) JC B R4 15 95 3 i A
20 pL HEW, BT 37 cCHYHIRE A D IR
7d, WEEEERKIE N (Dong et al. 2024),

2 EREQM

2.1 EHEREREAORRABE =4
2.1.1 #F SRR

L&Y 5, HEMAE, @00 1, SiET
H RS S eI, ST R PR ES(HRESIMS)
Bl miz 275.161 766 [M+Na]" (C;sH,05Na 111

HAE 275.161 92), HA 4 AR, Z0F
7£3379.3000,2962. 1673, 1449, 1028 cm™*
SOLIDEARA N T i B e R A AR (S SN LR SN 757 <
JiF o MRPEAEE R, 2 MR ESE
84 5.23 (1H, d, J=10.2 Hz, H-4)F15.01 (1H, t,
J=8.2 Hz, H-8) ;4 A~ Bl ) I 5L T 1555 [0u 0.67
(3H, s), 1.14(3H, s), 1.70 3H, s), 1.72 (3H,
)], 2 DRI 75 5 [0n 4.16 (1H, s), 4.08
(1H, s)], 2 M B BT F(5 5 [6n 2.51, 2.08 (m),
2.66 (dd, J=12.5, 4.1), 1.52(dd, J=12.5, 9.7)].
WRIEIELE R TR, WEWHA 15 MkfF S,
Hrh&h 2 OGRS 5 (0c 126.97, 141.39,
124.91, 134.20), 2 MiEEBIE S (Oc 73.08,
78.66), 4 HLEH H(5: 25.49, 13.08, 10.36,
17.82), 2 M K0 32.81, 42.94), 3 DR (¢
141.39, 134.20, 40.36).

PRATACGHE 5% 2 SAHORIEE, J6) R BRI
FEFRMALETE 2 R, "H-"H COSY i it 34~
B, H-1/H-11/H,-10 . H-3/H-4 F1 H-6/H-7/
H-8, C-1 fll C-11 R FHARKH I, 454 1D NMR,
HEMIAFAE—A =TI IR — AN
&, ENAFAE— D RIRGE . 454 HMBC i
Hs-12 5 C-1, C2 1 C3 MISEAHfiE CHs-12 5
C-2 #Hi#; Hs-13 5 C-1, C2 FI C3 KA
CH;-13 L5 C-2 tHi#; Hs-14 5 C4, C5 H1 C6

1 %A S5HEE "H-"H COSY(=—). HMBC(- ) NOESY(»)HI % 5S

Fig. 1

The key 'H-"H COSY (==), HMBC (- *) and NOESY () correlations of compound 5.
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FIFHOC T B CH,-14 5 C5 AHiE ; Hs-15 5 €9,
C10 il C8 MIAHC T #fiE CHs-15 5 C9 #HI%E ; 45
4 'H-'H COSY i h A, Mk a4 s 1%
A5 2 ARG+ —J0h

KA RBEALEY 5 2545 humulene-
monoepoxides 6 (Abraham et al. 1989)H.4 21
M- 2548, ME— R 2Z BB AE TG 5 W7S ik
FRIEHC, @it NOESY i & ¥ H;-14 5 H-4,
Hi-15 5 H-8 WA MG, i Hoh e A0t [A]
W& H-1 1 H-3, H-1 fl Hs-12, H-4 1 H-6
FHOG, UM SE AR, O B-H5Y; Hs-13
M H-11 AHSCUEIIFE 3 IR 57 —i0h o-14
A, MHEGEES AR, 6 S ARG WU
10.3 1 6.8, FFLEARHIZLHIN 3D FLAY, Y
ANEN LRI VS-B M, B EE S
B2 AR IR, HR A EZIE L
MNEN FRREE V5-A MR, Hoh g —A4
T FA 43 180°, 23 i L —N KT 10 RN & H 4L,
e LA PR AHEXTAS RN VS-A 549 (E 2). 8
o LS I ALY ECD 1%, MIMHGE 5 4
SHERI K IR, 3R, 4E, 6R, 8Z, 11R,

b, k&Y 5 WasH e R A~ (1IR3R,
4E,6R,8Z,11R)-2,2,5,9-tetramethyl-12-oxabicyclo
[9.1.0]dodeca-4,8-diene-3,6-diol , ¥ H 1y %4 K
purcilliumene A, %R I L3k 2.

100
\ ;
A 0 (3;9“ o\f“IBH
o | B3 A ,0oH  A_>OH
501 <
! \ v-5-A v-3-B
a 0 L )
2 300 400
Wave length
-350
— Exptl. v-5
— — Caled. v-5-A
—100 L = — Caled. v-3-B

2 KA S ECD EIHE
Fig. 2 Structure of calculation of ECD spectrum of
compound 5.

x2 LAY S WREEE
Table 2 'H (400 MHz) and "*C (100 MHz) NMR
data for compound 5

No. (Methanol-d,) HMBC
Jc u (Jin Hz)
1 65.01, CH 2.24,d(2.4)
2 40.36, C
3 73.08, CH 4.16,d (10.2) C4,C5
4 126.97, CH 5.23,d(10.2)
5 141.39, C
6  78.66,CH  4.08,dd (10.3, 6.8)
7 32.81,CH, 2.51,m
2.08, m
8 12491,CH 5.01,t(8.2)
9 134.20, C
10 42.94,CH, 2.66,dd (12.5,4.1)
1.52,dd (12.5,9.7)
11 57.98, CH 3.02,ddd (9.7, 4.1,2.4)
12 2549,CH; 1.14,s C2,Cl1,C3
13 13.08, CH; 0.67,s C2,Cl1,C3
14 10.36,CH; 1.70, s Co, C5, C8
15 17.82,CH; 1.72,s C9, C10, C8

2.1.2 HFHUCETAIR M R AOR IS SR
Purcilliumene A (b 54 5), KR, [a]p®
0.286 (c 0.7, CH;0H); UV (MeOH)Apnay (loge)364.9
(2.80) nm; IR (KBr)vma 3 379, 3 000, 2 962, 1 673,
1449, 1028 cm™'; "H NMR(CD;0D, 400 MHz)
fl 3C NMR(CD;0D, 100 MHz)%U#E W% 2;
(+)-HRESIMS [M+Na]™ myz 275.161 766 (calcd
for C;sH,4,03Na’, 275.161 766),
2.1.3 EREEIRIRKMEREEIERE
EY 1, EWHERMIAK, CisHuO, 45t
LK 3, ESI-MS: 419.3 m/z [M+Na]’, 'H NMR
(400 MHz, CDCls): dy 5.55 (1H, dd, J=5.6, 2.4 Hz,
H-7), 5.36 (1H, dt, J=5.7, 2.7 Hz, H-6), 5.21 (1H,
dd, J=8.2, 6.8 Hz, H-23), 3.63 (1H, m, H-3), 1.02
(3H, d, J=6.7 Hz, H3-21), 0.95 (3H, s, H;-19), 0.91
(3H, d, J=6.9 Hz, H;-28), 0.87 (3H, d, J=4.5 Hz,
H;-27), 0.62 (3H, s, Hs-18); *C NMR (100 MHz,
CDCl;): dc 141.53 (C-8), 139.94 (C-5), 135.73
(C-22), 132.13 (C-23), 119.74 (C-6), 116.44 (C-7),
70.62 (C-3), 55.88 (C-17), 54.72 (C-14), 46.40
(C-9), 42.98 (C-13), 40.96 (C-4), 40.58 (C-20),
39.24 (C-12), 38.53 (C-1), 37.19 (C-10), 33.25
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E3 & 1-7 EmE

Fig. 3 The structures of compounds 1-7.

(C-25), 32.15 (C-2), 30.0 (C-21), 28.45 (C-16),
23.15 (C-15), 21.4 (C-11) 21.26 (C-15), 20.11
(C-27), 19.80 (C-26), 17.76 (C-19), 16.44 (C-28),
1221 (C-18), LI LAk B fH 5 Min et al.
Q014 HIE L5 ergosterol ZEH B —FL .
EY 2, AR, CxHypOs, Z5k LA 3,
ESI-MS: 449.1 m/z [M+Na]", '"H NMR (400 MHz,
CDCly): 6y 5.23-5.21 (2H, m, H,-22, 23), 3.03
(1H, dd, J=10.8, 8.9 Hz, H-9), 2.94 (2H, dd,
J=13.0, 1.9 Hz, H,-7), 2.88 (1H, dd, J=5.8, 2.7 Hz,
H-5), 2.86-2.76 (2H, m, H,-4), 2.42 (1H, t,
J=6.8 Hz, H-20), 2.37-2.32 (1H, m, H-19), 2.32
(2H, m, H,-11), 2.24-2.20 (1H, m, H-5), 2.14 (2H,
m, H,-20), 2.00 (1H, dt, J=6.3, 3.1 Hz, H-17),
1.97-1.92 (2H, m, H,-16), 1.88-1.80 (IH, m,
H-24), 1.69-1.60 (2H, m, H,-11), 1.54 (2H, ddd,
J=18.7, 12.8, 6.2 Hz, H,-1), 1.44 (1H, m, H-25),
1.34-1.29 (1H, m, H-9), 1.26 (3H, s, Hs-19), 1.14
(3H, d, J=7.1 Hz, Hs-21), 0.87 (3H, d, J=6.8 Hz,
Hi-27), 0.79 (3H, dd, J=6.8 Hz, H;-26), 0.75 (3H,
s, Hs-18). °C NMR (100 MHz, CDCl;): dc 215.1
(C-14), 208.9 (C-6), 208.0 (C-3), 135.4 (C-22),
132.2 (C-23), 65.8 (C-8), 60.3 (C-13), 53.4 (C-9),
50.2 (C-5), 45.6 (C-17), 43.4 (C-24), 40.7 (C-10),
40.2 (C-7), 38.7 (C-15), 37.1 (C-20), 37.0 (C-2),
36.0 (C-4), 34.2 (C-12), 33.2 (C-25), 32.9 (C-1),

(0]

\ /

27.4 (C-16), 25.7 (C-11), 24.3 (C-21), 23.5 (C-19),
202 (C-27), 19.9 (C-26), 17.8 (C-28), 15.4
(C-18), VA EALZ= (i 5 Amagata et al. (2007)
18 146 & %) dankasterone B FZ5EF—2K
AW 3, AR, CsHiOs, Gt WA 3,
ESI-MS: 451.3 m/z[M+Na]", '"H NMR (400 MHz,
CDCly): 8y 6.48 (1H, d, J=8.5 Hz, H-7), 6.24 (1H,
d, J=8.5 Hz, H-6), 5.22-11.07 (2H, m, H-22, 23),
3.94 (1H, tt, J=11.5, 5.0 Hz, H-3), 2.09 (1H, ddd,
J=13.8, 5.1, 2.0 Hz, H-4), 2.03-1.92 (2H, m,
H>-12), 1.87-1.78 (2H, m, H,-2), 1.70(2H, ddd,
J=13.5, 3.4, 3.4, H,-24), 1.50-1.40 (4H, m, H,-15,
16), 1.40-1.28 (2H, m, H,-11), 0.98 (3H, d,
J=6.6 Hz, H;-21), 0.91-0.86 (6H, m, H;-18, 19),
0.83 (3H, s, H3-26), 0.82 (3H, m, H3-27). *C NMR
(100 MHz, CDCL): ¢ 13541 (C-6), 135.21
(C-22), 132.31 (C-23), 130.75 (C-7), 82.16 (C-5),
79.43 (C-8), 77.34 (C-3), 66.48 (C-3), 56.20
(C-17), 51.69 (C-14), 51.09 (C-9), 44.57 (C-13),
42.78 (C-24), 39.74 (C-20), 39.34 (C-12), 36.97
(C-4), 36.93 (C-10), 34.69 (C-1), 33.07 (C-25),
30.13 (C-2), 28.65 (C-16), 23.40 (C-11), 20.88
(C-21), 20.64 (C-15), 19.95 (C-26), 19.64 (C-27),
18.18 (C-19), 17.56 (C-28), 12.88 (C-18), LI I
P B 5 Kobori et al. (2006) 1 s — 2, i
WEZ A YN Sa,8a-epidioxy-(20S22E,24R)-

240270-7



5 % | A EEHEREREPUrpureocllium clavatumix 25 4% 5t 7249

R

ergosta-6,22-diene-3f-ol.

LG 4, HOEISREIAE, CxHuLO, %5
) ULE 3, ESI-MS: 417.1 m/z[M+Na]*, '"HNMR
(400 MHz, CDCls): 8y 7.35 (2H, d, J=2.5 Hz, H-6,
6"), 7.29 (1H, d, J=2.1 Hz, H-5), 7.09 (2H, dd,
J=8.5, 2.5 Hz, H-3, 3"), 1.38 (18H, s, Hs-12, 13,
14, 12', 13", 14), 1.30 (18H, d, J=8.4 Hz, H;-8, 9,
10, 8', 9, 10"). *C NMR (100 MHz, CDCl;): d¢
149.21 (C-2, 2"), 149.17 (C-1, 1), 138.93 (C-4, 4"),
124.38 (C-3, 3'), 123.49 (C-5, 5'), 118.86 (C-6,
6"), 34.99 (C-7, 7"), 34.46 (C-11, 11'), 31.52 (C-8,
9, 10, 8, 9, 10", 30.15 (C-12, 13, 14, 12', 13",
147, DL 3% 500 5 90 A48 31845 (20 14) Y fi 18
— 8, W AL A YN 2,2"-0xybis(1,4)-di-tert-
butylbenzene,

L&Y 6, HEKAK, 7138 CsHyOs,
gER UL 3, ESI-MS: 453.3 miz [M+Na]", 'H
NMR (400 MHz, DMSO): dy 5.30-5.26 (1H, m,
H-7), 5.23 (IH, dd, J=9.3, 5.7 Hz, H-23),
4.02-3.95 (1H, m, H-3), 3.58 (1H, bs, H-6), 1.98
(1H, dd, J=12.4, 6.7 Hz, H-20), 1.83-1.76 (2H, m,
H,-4), 1.72 (1H, ddd, J=13.3, 4.8, 2.0 Hz, H-24),
1.64 (1H, d, J=3.9 Hz, H-25), 1.56-1.42 (4H, m,
H,-1, 15), 1.41-1.38 (1H, m, H-17), 1.08 (3H, s,
Hs-19), 1.06 (3H, d, J=6.6 Hz, H;-21), 0.96 (3H,
d, J=6.8 Hz, H;-28), 0.87 (6H, dd, J=11.8, 6.8 Hz,
H;-26, 27), 0.66 (3H, s, H;-18). *C NMR
(100 MHz, DMSO): dc 142.39 (C-8), 135.63
(C-22), 131.83 (C-23), 117.64 (C-7), 75.56 (C-5),
72.81 (C-6), 67.00 (C-3), 55.98 (C-17), 54.51
(C-14), 43.6 (C-13), 43.30 (C-9), 42.97 (C-24),
40.45 (C-4), 39.32 (C-20), 39.08 (C-12), 36.74
(C-10), 32.99 (C-2), 32.52 (C-25), 30.35 (C-1),
27.80 (C-16), 22.63 (C-15), 21.64 (C-11), 20.28
(C-21), 19.09 (C-26), 18.70 (C-27), 17.53 (C-19),
16.84 (C-28), 11.43 (C-18), LA A2 Afifs(E s
Piccialli & Sica (1987)W4iE—2, HoifiEiz1k
EYIR cerevisterol,

EW 7, AR, CipHyNO4, Z5HIL
[ 3, ESI-MS: 683.0 m/z [M+Na]", 'H NMR

(600 MHz, CDCls): oy 7.22 (I1H, d, J=7.9 Hz,
N-H), 5.79 (1H, dt, J=15.4, 6.1 Hz, H-5), 5.52
(1H, dd, J=15.4, 6.4 Hz, H-4), 5.09 (1H, t, J=6.5
Hz, H-8), 4.32-4.25 (1H, m, H-3), 4.12 (1H, dd,
J=8.1, 3.7 Hz, H-2'), 1.39-1.32 (m, 4H), 1.32-1.20
(24> H, m), 0.88 (6H, t, J=6.9 Hz). °C NMR
(150 MHz, CDCly): é¢ 175.1 (C-1'), 136.3 (C-9),
134.1 (C-5), 128.7 (C-4), 123.1 (C-8), 74.2 (C-3)
72.5 (C-2'), 62.2 (C-1), 54.3 (C-2), 39.7 (C-10),
34.7 (C-3"), 32.5 (C-6), 31.9 (C-17, C-18'), 29.8
(C-13), 29.7 (C-12), 29.6 (C-14~15, C-6'~16"),
29.58 (C-17', C-16), 29.5 (C-11), 29.4 (C-5"), 28.0
(C-7), 27.52 (C-4"), 22.72 (C-18, C-19'), 16.03
(C-20), 14.15 (C-19, C-20")., LI EAbL2Afifs(H S
AT 208745 (2007) A HRE — 3, SO ez ik &9k
(2S3R,2'R4E,8E)-N-(2'-hydroxyeicosanosyl)-9-
methyl-1,3-dihydroxy-2-amino-4,8-nonadecadiene .
2.2 EVEMXLE
221 MREEEMSRE

PESLARZZA% TR . ORI BB TR . R AR
W-1 . BZLpomftl s . RO . KR&ERE.
B ol A AR - TR R S A AR EE R 5 MG
YIRS AT L 3R 3-7 d, WIESHI 222k
KAEOL(E 4), LA EN, (bEW 1. 2. 3.
6. 7 XU AR . B A AERE- T . KLl
Uiy TR P A 22 A6 K LA 0 S IR A Ak vk
JE530 20 80, 40, 20 pg/mL; RFSrAG22A%TA |
B o A AR TR - LLTCIRIE T, X e St T g 4
455 o A LER I S R I AR A O, I TR
HEEKIN, TEMESRILE 3,
222 MEBRSRITERFEMEE

REIEX 5 RS Ve S A LA BT
PR, ARSEI R 70 R sk, ffH Middle
brook 7H9 533X} 5 LG W TG I,
B il (9 25 W1 A 40 pg/mL 1 80 ug/mL, kL&
Y1 2 1 MIC {E 0 80 ug/mL, {654 7 #Y MIC fH
9 40 pg/mL (% 4), SLEEREY], (LAY 2 F
7 WP B TS (A 5).
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Fig. 4 Inhibition of mycelial growth by five compounds against Rhizoctonia solani (A), Hypomyces
odoratus-II (B), Colletotrichum capsici (C), Hypomyces odoratus- I (D), Trichothecium roseum (E), Fusarium
graminearum (F), Trichoderma sp. (G).
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Table 3  Antipathogenic activity of compounds
&) 1 2 3 6 7
Compounds

SEAG 22K - - - - -
Rhizoctonia solani

T2 - 11 S
Hypomyces odoratus- I

BRI AR TR T - ++
Colletotrichum capsici

BHWEFAN- 1 P
Hypomyces odoratus- |

b APAREERY 12 (0N +HY =T P 4P 40
Trichothecium roseum

R AL #4048 4o e
Fusarium graminearum

AZETH Trichodermasp. - -
e AT, HURIETEESS, Ao e O
20 ug/mL, @fLFE 40 pg/mL, @1LFE 80 pg/mL

Note: ++ is regarded as having activity, + is regarded as having

weak activity, - is regarded as having no activity. D is regarded as
20 pg/mL, @) is regarded as 40 pg/mL, ) is regarded as 80 pg/mL.

x4 HWEDWEZRSRATERBIMNEEME
Table 4 Inhibitory activities of compounds against
Mycobacterium tuberculosis

wEw THPEINASS R

Compounds Activity test results
40 pg/mL 80 pg/mL

1 - -

2 - +

3 - -

6 - -

7 + +

SRR oY -

(5% DMSO)

Negative control

(5% DMSO)

FHAEXS IR +

(0.25 pg/mL SELEME)

Positive control
(0.25 pg/mL isoniazid)

T AR, - ICMETEE
Note: + is regarded as having antibacterial activity, - is
regarded as having no antibacterial activity.

an
Compound 1

a2
Compound 2

&3
Compound 3

5 5 MLAYIMERS BATENMEIEEER

&6
Compound 6

&7
Compound 7

Fig. 5 Results of inhibitory activity of five compounds against Mycobacterium tuberculosis.
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3 Wil

AW 5 ) H 2 b €335 e BRI 3 15 R )
A B R IR 22 #17 Purpureocillium clavatum
AU A P Py FEAT ST, 1 N IZ TR Bk by
BRE T MMeE Y. BE 4IRS,
) J& ergosterol (1), dankasterone B (2). 5a,8a-
epidioxy-(20S22E,24R)-ergosta-6,22-diene-3-ol (3).
cerevisterol (6); fRIALEY N K Lz
(Hu et al. 2017), HATAEZY8) 2 TR
W | B | SR MR R , TR E Y
M HIIAIT (Klein et al. 2001)H & 4% T H A
Mo 1B A Y : (2S3R2'RAE,8E)-N-

(2'-hydroxyeicosanosyl)-9-methyl-1,3-dihydroxy-2-
amino-4,8-nonadecadiene (7); fL&W 7 J& i
A=) B 2 s U] B AT B A SR - TN
BRTERE , M40 28 KA3IT (ICso=~10 pg/mL)¥j %
PR B AT M, O EUREIE R 21 B NIH3 T3 (1% 48
M FE /N (Ayyad et al. 2009), 1 HAZE1k
EY1N 2,2"-0xybis(1,4)-di-tert-butylbenzene (4);
MEIR LA TR o 2 A5 B G 4 (2,.2-%4K
A-1,4- 0T ) 2 — BT LR 254, X
o SR 1 S TR 19 T3SS Sk PN ek BAT i 3 14
HIVEHT, HAZmE R A 1, (HREA RO I
BURPE(EESE 2022); 1 ADilliEiib &Y.
purcilliumene A (5); BRI EWFREZ, 72
FETET HAR B, WSR2 A 1) Ak 2 i
53, WRRARZHWEY IR FAH Y. ©LpHE
YT . TR LA RV 208 F BL 25 ) (Hanson
2012; JBEAERAE 20215 ML 20235 JH—15
45 2023; FRHEFAE 2024),

ARWFFEXT 5 LG YHEAT T PURE TS
SRR, a1, 2. 3. 6. 7 XAEKAE LT
AL KRB LU 8 ST A 22 R R eI R RRCR X [
- JH TR R X 1) e T 2 A - L i -t A4 o]
YERL; 1BAEEW 1 XITEBBL. FRETE | /NE ol
K BIARBORI EER R . B A AR - 1 B L

Ul REHRIAE . RE R AMEIER, Hh
Xof PSRN A AL | B T T A T - L i I Y TR 224
KMHIROR .2, HACPHREITE 40 pg/mL;
HEY 2 BB 735009 20 pg/mL Al
40 pg/mL W, A0 E T b S A
A 1 Ry LB A R D R ) B 224 K Al
B 3. 6 X TR AT A BT IR T A
AR EE 43 90 R 20 pg/mL F1 40 pg/mL, /)
2 . BB R JEUE p S Ve G a7
Xof BRI BEF B . B AT AR - 1. 4L i
W RO . REW . A
MHRIVER AL B 2 R 7 XS5 A AT T A
HilfEH , H MIC {543 %124 80 pg/mL 140 pg/mL,
IR S A SRR, R S AR T N2 25
A=W IA T HHEAF IR AW IT o R R TR R
TAZI A YIS S YR R 25 BRI 0, LA
S vy HAEALO U A= W BIIAROR | 9 Nt
A AR 7 R B 2 B 4 Ak o

(RN

E5 . RSB EIRY | SR B B
SKIH . RBTET LS B SCBH EZ24: R
AR, ESCE HDolE: RO . 7
PRl XVIEE: SROERA  BSUBIT; BE KL
PRHEmFR; SCREM: 1B3CBIT.

F| 35 v R

VEE R T AEAT ATV A ) 2 o 28
ATl BV 55 5 2R
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