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Secondary metabolites from Rhododendron molle endophyte Penicillium sp.
RM and their inhibitory effects on tumor cell proliferation
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[ Abstract] This study investigated the secondary metabolites of the endophytic fungus Penicillium sp. RM isolated from the toxic
plant Rhododendron molle. Ten compounds were isolated and purified from the ethyl acetate extract of the fungal fermentation broth by
silica gel column chromatography, gel column chromatography, and semi-preparative HPLC. The structures of these compounds were
elucidated by comprehensive spectroscopic analyses, including NMR, MS, UV, IR, and CD. The identified compounds were as
follows: penicidienone A (1), diversonol (2), alternariol (3), alternariol 9-methyl ether (4), methylated dechloromonilicin (5),
norliquexantona (6) , alternethanoxin A (7), a-diversonolic ester (8), (+)-asperlone A (9), and verruculotoxin (10). Compound
1 was identified as a new cyclopentenone derivative. Compound 9 showed inhibitory activity against the proliferation of HepG2 (IC,,=
9.7 wmol-L™") | HGC27 (IC4,=9.3 wmol-L™"), and U251 (IC,,=8.4 pmol-L™") cell lines.
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WAE B WAE R 518 EAEY BRI A A RUEDY),
ASE A R R R U A Wy 5 g 324 280
I PRI IR b s RARE T kA
PN A LR ) SRR P I 25 Tl e AL B 0T A vh et
RIESHEER, SR T2 ™, PR, A
R Y (IR A Sk 2P %) WNER
T BERS & 5 18 A b2 o 2R A PR I
BB ARG K, HFEHEE Peni-
cillium sp. IR AE AR 9 09 22 1 0 38 28 A 0 0%
PERZ O . WF9E R %R L AT USRS |

F1 L&Y 1~10 H55H

Fig. 1 Structures of compounds 1-10

1 ok

AL104 HLF K1 [ Mg R 805 F 288 ( 1)
ABRAF T EYELA et 25 & ( g2 MR A R
AT s MPC-3017 B2 (/e Bt BHR A 55 A R
/N ;Bruker AVANCE NEO 700 MHz #% 2 9RAY
(1% F Bruker /23 ) ; Bruker NMR 800 MHz #% f5 3t
PRI (15 [ Bruker /A 7)) ; Thermo Q Exactive Focus
LC/MS (3£ EPEER K /RBHE A F]) 5 BrukerD8 Quest
diffractometer (Mo Ka, A =0.710 73 A)/( Cu Ka,
A=1.54184 A) (b5 )E B30 5 K6 I 57 AR A BR 2
H]) ;CV 600 ¥ VR Lo e 4 A (A6 5t 7 U R AT R
25w ) 5 Agilent 1200 (= RCHAH 43543 (36 [ Agilent
75l LC3050N Y i A50RAH € 1543 (b B A 5
B A BR 23 7)) ; YMC-Pack ODS-A (4.6 mm x 250
mm, 5 wm, 12 nm) ( HA YMC A #]) ; YMC-Pack
ODS-A (10 mmx250 mm, 5 wm, 12 nm) ( HA YMC
3] EERE (100 ~200,200 ~ 300 H ) A2 (435 H
TEIE GF,, (75 5 vEAL T8 A ) ; HSGF,,, il £
B (HH & AR Tl A58 T ) 5 5 €85 ( 10% ¥ ik iR -

XK EYISE LS Y AT PR B A S
JRIRVE F118 R T Uk K TR PR R 2
SUEPERAEAE™ W, A0 58 R AL RS LR A FE AR
2L Rhododendron molle W N B R W, 1%
FEY) 5 ARFE P e 258 2 (AN grayanotoxin ) , A] 3 13 3%
TN IR IE S | & 2w (H RN AR R A IR
=g 0 L STt ABIF T MR fif 2
PEEE N AR B Penicillium sp. RM 1) 2 PR £ Tig
AL, I B % T 10 MEEY, ka1
IR AR IS (B 1) o

LR 5 2iK (BT EERS I A BR A F]) s 8
WEHEE A3 ONE (At OhE LR A R A H] ) =
b AR R 0 O A BB A A ST kS
YAk T AT FRA R PR A ali sl (A ot R 2 ab 21
B,

PRI A2 DT B 2 B - v 3 25 iR BT A5 21 1Y
— Wk N A LR, G R R A R R A BRA FAR
P& ITS ¢ 5 25 K Penicillium sp. RM, W AR5 A
PV563029 , iZ # AR LR AF T v [ S 22 R4 Be AL 5t o
TS 2 Be 25 W5 BT X 2= S DR A
2 ik
2.1 WRAERE TR RN RAER Peni-
cillium sp. RM #0251 PDA [&44F-_I-,28 C
WFRBERK N, 0 A W% PDA PR AE TN
TR 1 emx 1 em 7 HE, A Z] 140 K H
Ja B ROKIEFEHE T (BN 2~3 B) |, KoK EE 77 2
(500 mL HETE IR, BB H A 250 ¢ KK AT 200 mL
H kK ;120 °C @B EZEVKKEE 30 min) |, %0, BN
40% ~90% , H SR OGHR i A% 28 d
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2.2 PRNUMES TR EESE U HEIE M o AGE =
L, Z R, BEIR 30 min, B & HEBUR T
To A I BEBORI R R 413 22 E 904.9 ¢, Tt
BB RK UG HEEH OB OB TR, 153 2
MR CERHRAL 207.5 g, KA 655. 4 ¢, R EERAT
EIEXF 207.5 ¢ LR CFRE AL HEAT 385, T &N
- P BB PR (1:0.500:1,250:1 ,100:1 .75 :1
50:1.25:1,15:1,10:1.5:1.2:1.1:1.0:1) ,4 1 000
mL iy 1 AN R Z EaE R 50, 3605 8 4
Ay (Fr. 1~Fr.8), Fr.3(14.5 g) % ODS F/EA: (A
Tk (HEE-7K 0~ 100% ) 6 BE VR, FIH TLC FE 240K
ARSI, 15 8] 6 MMFAL43(C1~C6) , C3(2
o) i FH G0 Joe- FHY s 700 3R SRtk A 7 e RS A (03 3
B AU B kR A1, 15 6 N4 4k (KT~
K6) ,K1(60 mg) £l #5 W AH C¢ il 55 4 ( YMC-
Pack ODS-A,10 mmx250 mm,5 pm, 12 nm,3 mL-
min”", DU 4B T RE A JORRBR U6 B 10 S Y S
T ), 38 3 I S A H EE-K (40 :60) PR 2L A
P 1(2.0 mg,t,=22.2 min) , K2(200.2 mg) Z2FHl
U, LR G -7K (45 :55) YEl S EAL &
¥ 2(6.8 mg,t;=8.3 min),

Fr.4(15.1 g) £ ODS AR 3% (I EE-7K 0 ~
100% ) 6 £ BEME , B TLC F e R A 0 i AL L A6
PR, 1559 NS (D1~D9) . DI(105. 4 mg) 42k
AT AR (B BE-7K 70 :30) 15 24L& 9 4(6.6 mg,
1,=29.9 min), D2(602.4 mg) ZFHl & WAH( Z

-7k 45 :55) R A Y 10 (34.5 mg, 1, = 17.8
mg) , D3(435 mg) &1l & W AH ( L IE-7K 35165,
0.1% =W LMR) 1525 8(26.5 mg,t, =15.2
min) , D4(506 mg) 28l % W AH ( ZHE-7K 35 :65,
0.1% =F LK) 1335 7(9.1 mg, ¢, =22.5
min) , D5(230 mg) £l 2 W AH ( ZHE-7K 45:55)
34 5(10.3 mg, 1, =32.3 min), D7(103.2
mg) 284 45 VAR (K 75 :25) 18 Bk A 9
(3.2 mg,1,=9. 1 min) , D9(400 mg) Z £ Wi H
(LWE-IK 35:65) 15 24L& 3(9.9 mg, 1, =23.9
min) , 383 ZNE-7K (45 :55) Ve AS 214 597 6 (2. 1
mg,i, =16. 1 min) ,

3 S

&1 AEBA; o]l +45.9° (¢ 0.27,
MeOH) ; HR-ESI-MS m/z 314.159 8 [ M+H " (15
{H 314. 159 9) , 454 NMR %8, ek &9 1 59453
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TN C H,,NO, , N AE K 5, " H-NMR £l (£
D) BneE 1 B 4 (G568, 2.24 (3H,
s, H-7), 0.92 (3H, t, J=7.0 Hz, H-11), 1.07
(3H, d, J=7.0 Hz, H-12), 1.61 (3H, s, H-15) ];
1| MEAES[6,5.09 (1H, s, H-2) ], “C-NMR %I
P (2 1) A1 HSQC #dis Wb &59 1 HA 15 -8k
55, 4G 6 NEIR(E 5[5, 194.4 (C-1), 178.3
(C-3), 87.5 (C-4), 92.7 (C-5), 207.3 (C-6),
177.9 (C-8) ;24> CHIE 5[5, 94.8 (C-2), 42.2
(C-9)];34 CH, f55[6.27.4 (C-10), 48.1 (C-
13), 60.6 (C-14) ];4 1 CH, {55[6.26.6 (C-7),
11.8 (C-11), 16.8 (C-12), 23.0 (C-15) ] .'"H-'H
COSY I HSQC FiE B /n b &9 1 BA 2 1 A gl
& %% . CH,-CH, 1 CH,-CH-CH,-CH, (& 2). 7E
HMBC &g H-2 5 C-1/3/4/5 Hi X, H-T 5 C-5/
6 fH3&, H-15 5 C-3/4/5 %, £ G 1 fi4E
o, B AUFNIREERZE A, JF B C-15 f2 3 5 LA
Ay AEREAE C-4 5 C-5 i, H-13 5 C-3 ) HMBC
FHOCAF S UL & BB HEAE C-3 f, AT AT
FERIEE Y 1 ATREFR AL B4 phomaligin A %% k17 A%,
(FE3) ™ Hk, SR 51 C-4 7 BT K
Fias, 25 #E b aw 1 s 1),

#1 (k&% 18" H-NMR(700 MHz) 1" C-NMR( 175 MHz)

B (CD,0D)
Table 1 '"H-NMR (700 MHz) and “C-NMR (175 MHz) data
of compound 1(CD,0D)
No. o oy
1 194. 4, C -
2 94. 8, CH 5.09 (1H, s)
3 178.3, C -
4 87.5, C -
5 92.7, C -
6 207.3, C -
7 26.6, CH, 2.24 (3H, s)
8 177.9, C -
9 42.2, CH 2.40 (1H, m)
10 27.4, CH, 1.66 (1H, m); 1.45 (1H, m)
11 11.8, CH; 0.92 (3H, t, 7.0 Hz)
12 16. 8, CH; 1.07 (3H, d, 7.0 Hz)
13 48.1, CH, 3.40 (2H, m)
14 60.6, CH, 3.74 (2H, t, 5.7 Hz)
15 23.0, CH; 1.61 (3H, s)

REEAL G 1 AR RS X T NOESY
S5, fE NOESY [El3%H (CD,0D) , AT WL 2] H-7
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Fig.2 Key "H-'"H COSY and HMBC correlations of compound 1

K3 Abaw 1 R

Fig.3 Biosynthetic pathway analysis of compound 1

5 H-12 (MK A5 5. 78 DMSO-d, H Al LUt ) 5]
5-OH 5 H-7/H-15 #5¢, VI_LEEEHEN C-5 17 L1
5 C-4 i 5 et A 7 T[R4, 5-OH 5 15-CH,
TERRI T3 —M, XFEAL G 1 W] BEEAT 4 Bl xt
FHL A9 4R, 5R,9R (4S,58,9S .45,55,9R 4R,
5R,9S 42 2 XPXTH A A , ALY 1Y 4 FPET RE
B2 %R R )15 ECD Bl 5 S50 A% 19 ECD (&
TEA LXK AL & W B 4 %R Bl 4R, 5R 98 I,
HAT8 ECD EIE% 55250 ECD B HA & —3
Cotton 251 (&l 4) , Ktk , A X H9 5 R 4R, 5R,9S,
LEW) 1 545N penicidienone A

P4 fba 1S5 ECD g RIS ECD 145
Fig.4 Experimental ECD and calculated ECD spectra of com-
pound 1

&Y 2 oo SR HR-ESI-MS m/z 295. 118 3
(M +H]" (I8 205.117 7), XN
C,sH, O, . "H-NMR (DMSO-d,, 700 MHz) &,,: 11.32
(1H, s, 1-OH), 6.32 (1H, s, H-2), 6.30 (1H,
s, H-4), 4.28 (1H, t, J=3.1 Hz, H-5), 3.99
(1H, dt, J=5.3, 2.8 Hz, H-8), 2.25 (3H, s, H-
10), 2.16 (1H, tdd, J=14.0, 4.5, 3.0 Hz, H-
68), 1.96 (1H, tdd, J=14.2, 4.4, 2.4 Hz, H-
7a), 1.68 (1H, m, H-6a), 1.46 (1H, m, H-78) ,
1.39 (3H, s, H-11); “C-NMR (DMSO-d,, 175
MHz) 6.: 194.3 (C-9), 161.7 (C-1), 158.5 (C-
4a), 149.5 (C-3), 109.0 (C-2), 108.7 (C-4),
104.5 (C-9a), 81.2 (C-8a), 75.6 (C-5a), 73.4
(C-8), 66.2(C-5), 24.9 (C-6), 22.7 (C-7),
21.9 (C-10), 19.5 (C-11), MRHEHE X GrLfizht
B B A A% W AR 5 SRR AR — 3
EAEY) 2 7 diversonol ,

& 3 IR A& IK; HR-ESI-MS m/z
259.060 1 [M+H]"(I15{H 259.060 1) , 73+ K
C,,H,,0,,'"H-NMR (DMSO-d,, 800 MHz) &,: 11.77
(1H, s, 7-OH), 10.90 (1H, s, 3, 9-OH), 10.33
(1H, s, 3, 9-0H), 7.25 (1H, d, J=2.1 Hz, H-
10), 6.72 (1H, d, J=2.7 Hz, H-4), 6.64 (1H,
d, J=2.6 Hz, H-2), 6.37 (1H, d, J=2.1 Hz, H-
8),2.71 (3H, s, H-11) ; *C-NMR ( DMSO-d,, 200
MHz) 8.: 165.5 (C-9), 164.7 (C-6), 164.1 (C-
7), 158.4 (C-3), 152.6 (C-4a), 138.3 (C-1),
138.1 (C-10a), 117.5 (C-2), 108.9 (C-10b),
104.3 (C-10), 101.6 (C-4), 100.9 (C-8), 97.4
(C-6a), 25.2 (C-11), VI EHHE5 SCRk B F A
gﬁl[m ,E&%&ﬁ—f{%{a\% 3 4 alternariol ,

&Y 4 B AR " H-NMR ( DMSO-d,, 700
MHz) 8,: 11.83 (1H, s, 7-OH), 10.37 (1H, s, 3-
OH), 7.23 (1H, s, H-10), 6.73 (1H, d, J=2.6
Hz, H4), 6.65 (1H, d, J=2.6 Hz, H-2), 6.62
(1H, d, J=2.2 Hz, H-8), 3.91 (3H, s, 9-OMe),
2.74 (3H, s, H-11); “C-NMR ( DMSO-d,, 175
MHz) 8.: 166.2 (C-9), 164.7 (C-6), 164.2 (C-
7), 158.6 (C-3), 152.6 (C-4a), 138.5 (C-1),
137.8 (C-10a), 117.6 (C-2), 108.8 (C-10b),
103.4 (C-10), 101.6 (C-4), 99.2 (C-8), 98.5
(C-6a), 55.9 (9-OMe), 25 (C-11), VU F¥ia5
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SCHRARGE FeA— BT B E LAY 4 O alternariol
9-methyl ether,

&Y 5 IR MK K; HR-ESI-MS m/z
347.0758 [M+H " (I1514 347.076 2) , 7+ T K
C,,H,,0,.'H-NMR ( DMSO-d,, 800 MHz) &,,: 12. 40
(1H, s, 6-OH), 6.81 (1H, s, H9), 6.65 (1H,
s, H-7), 4.20 (2H, s, H-13), 3.91 (3H, s, 1-
OMe), 3.69 (3H, s, 14-OMe), 2.38 (3H, s, H-
15); ®C-NMR (DMSO-d,, 200 MHz) &.: 177.9 (C-
4),168.1 (C-14), 161.8 (C-6), 156.9 (C-1),
156.1 (C-10), 150.1 (C-8), 141.5 (C-11), 137.9
(C-2), 135.2 (C-12), 116.3 (C-3), 111.7 (C-
7), 107.7 (C-9), 106.8 (C-5), 52.5 (14-OMe),
52.3 (1-OMe), 30.7 (C-13), 21.8 (C-15), VI I
B 5 SOk AR T A — 8 ik kA s R
methylated dechloromonilicin,

a6 R E AL R MK HR-ESI-MS m/z
259.059 4 [M+H]* (515 259.060 1), 53T H
C.,H,,05.'H-NMR ( DMSO-d,, 700 MHz) &,,: 13. 40
(1H, s, 1-OH), 10.90 (1H, s, 3-OH), 10.84
(1H, s, 6-OH), 6.66 (1H, d, J=2.3 Hz, H-7),
6.64 (1H, d, J=2.3 Hz, H-5), 6.27 (1H, d, J=
2.1 Hz, H4), 6.12 (1H, d, J=2.1 Hz, H-2);
BC-NMR (DMSO-d,, 175 MHz) 6.: 181.4 (C-9),
164.7 (C-3), 163 (C-1), 162.8 (C-6), 158.8 (C-
5a), 156.5 (C-4a), 142.8 (C-8), 116.2 (C-7),
110.8 (C-8a), 102.1 (C-9a), 100.5 (C-5), 97.8
(C-2),93.2 (C-4), 22.9 (C-10), VL F¥HE 5
BRAR A I AR — 3 2 A 6 A norliquexan-
tona,

AW T KK HR-ESI-MS m/z 303.085 6
[M+H]" (%1 303.086 4), > T+ K
C,,H,0,,'H-NMR (DMSO-d,, 800 MHz) &, 11.44
(1H, s, 1-OH), 9.85 (1H, s, 4-OH), 7.38 (1H,
dd, J=7.9, 1.0 Hz, H-8), 7.28 (1H, t, J=8.0
Hz, H-9), 7.08 (1H, dd, J=8.1, 1.0 Hz, H-10),
6.09 (1H, s, H-3, 6), 3.66 (1H, s, 7-OMe),
2.16 (1H, s, H-12); “C-NMR ( DMSO-d,, 200
MHz) 8.: 200.1 (C-1), 165.8 (C-7), 161.7 (C-4,
4a), 153.4 (C-6a), 147.4 (C-1), 133.1 (C-9),
128.6 (C-10a), 127.3 (C-2), 119.9 (C-8), 119.7
(C-10), 108.9 (C-10b), 107.5 (C-3, 6), 51.9
448

(7-OMe) , 21.6 (C-12), i B &HE 5 SCHk 40 2
A —g 2! ,ﬁﬂl%@fﬁ’f&%% 7 “H alternethanoxin A,

&Y 8 A s AR, HR-ESI-MS m/z 321. 096 2
[M+H]* (I8 321.096 9) , 5> T2k € H,,0,, 'H-
NMR (DMSO-d,, 800 MHz) &8,: 12.32 (1H, s, 8-
OH), 6.87 (1H, dd, J=1.4, 0.8 Hz, H-5, 7),
6.64 (1H, dd, J=1.4, 0.7 Hz, H-5, 7), 5.45
(1H, s, 1-OH), 5.33 (1H, s, 4-OH), 3.82 (1H,
dd, J=6.9, 2.6 Hz, H-4), 3.59 (3H, s, 4’a-
OMe), 2.90 (1H, ddd, J=18.2, 9.1, 5.7 Hz, H-
2a), 2.70 (1H, dt, J=18.1, 5.3 Hz, H-28) , 2.37
(3H, s, H-6'), 2.04 (1H, dddd, H-3a), 1.94
(1H, m, H-38); “C-NMR (DMSO-d,, 200 MHz)
8.:180.9 (C-9), 172.9 (C-4'a), 167.4 (C-1),
159.5 (C-8), 155.3 (C-10a), 147.5 (C-6), 117.3
(C-9a), 111.6 (C-7), 107.6 (C-8a), 107.3 (C-
5), 74.3 (C-4a), 71.2 (C-4), 51.8 (4'a-OMe),
25.0 (C-2), 24.1 (C-3), 21.8 (C-6'), L) b %k#
53R E S AR — 5 MU A Y 8 O a-di-
versonolic ester,

AW 9 2140 MK ; HR-ESI-MS m/z 365.065 9
[M+H]* (FHH 365. 065 6) , 4> T2 N C,H,,0,, 'H-
NMR (CD,0D, 700 MHz) &,,: 8.93 (1H, d, J=7.8
Hz, H-5), 7.57 (1H, t, J=8.0 Hz, H-6), 7.12
(1H, d, J=8.3 Hz, H-7), 6.33 (1H, d, J=2.1
Hz, H-5'), 6.22 (1H, d, J=1.4 Hz, H-7"), 6.02
(1H, s, H-2), 3.55 (1H, d, J=15.6 Hz, H-4"),
3.33 (1H, s, H-4"); “C-NMR (CD,0D, 175 MHz)
8¢: 193.3 (C-1), 187.6 (C-1'), 172.9 (C-3),
168.7 (C-8'), 165.3 (C-6'), 163.4 (C-8), 144.2
(C-4'a), 143.2 (C-2'), 135.6 (C-6), 131.3 (C-
4),129.7 (C-4a), 123.4 (C-7), 123.1 (C-5),
115.1 (C-8a), 114 (C-3"), 113.2 (C-8'a), 111.2
(C-5'), 102.9 (C-2), 102.6 (C-7"), 42.1 (C-
4"y, DL EBOE S SCR R AR — 80 s e
EW 9 MHNEE(+) -asperlone A,

&% 10 T A & 1K, HR-ESI-MS m/z
245.1656 [M+H]" (%14 261. 196 2) , 7+ F 3 h
C,sH,,N,0,'H-NMR ( CD,0D, 700 MHz) §,: 7.20
(2H, m, H-13, 17), 7.12 (1H, m, H-15), 7.09
(1H, m, H-14, 16), 3.35 (1H, m, H-3), 2.91
(1H, dd, J=13.0, 8.8 Hz, H-11), 2.83 (1H, dd,
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J=13.0, 5.7 Hz, H-11), 2.72 (1H, dud, J=11.2,
3.5, 1.4 Hz, H-6), 2.55 (1H, dd, J=12.0, 1.5
Hz, H-4), 2.39 (1H, m, H-10), 2.31 (1H, dd,
J=12.0, 4.1 Hz, H-4), 2.10 (1H, dt, J=11.7,
3.1 Hz, H-9),2.03 (1H, ddt, J=14.1, 11.3, 6.6
Hz, H-6), 1.78 (1H, m, H-8), 1.54 (2H, tt, J=
5.6,3.6 Hz, H-7), 1.26 (2H, m, H-8, 9); “C-
NMR (CD,0D, 175 MHz) 8,: 173.5 (C-1), 139.7
(C-12), 130.5 (C-14, 16), 129.6 (C-13, 17),
127.6 (C-15), 66.6 (C-10), 56.7 (C-6), 53.9
(C-4), 53.6 (C-3), 42.5 (C-11), 28.6 (C-9),
26.3 (C-7), 25.7 (C-8), MEHE X HFLATH %L
I B VAL R RS A 5 SRR S AR — 30 s
1659 10 24 verruculotoxin
4 AEYTEE

XF AR AT A S e A0 e 3 e
B AR R E Y 9 7E 10 pmol - LTIREE T, X A
FEAH M HepG2 A B ¥ 41 Ml HGC27 | A 5T J83 24 Jfd
U251 FIAZE 1 9 40 HCT-116 B 72 h #kl = 43
I 4. 92% 75. 86% 40. 68% 62. 65% ., ik 3 4>
WeREST 0 10,10, 1 pmol - L7 BN EEICE 3 4>
25L,72 h WALE W 9 % HepG2 \HGC27 . U251 EA
IIER 1C,, 435314 9.7.9. 3 .8. 4 pmol - L',
5 it

A5 38 3 2532 v ARORORE (i A R iR
T e 53 IO S €0 335 R S AR, DA B AR ) o B
H R. molle & i N A= H & Penicillium sp. RM
B S E 10 MR E Y, b adE 1 A4
PR R G TR A 5 (fhB 9 1) (8 AR
AT (LB 2~9) B 1 ANTRGER A Wbl (fb &
Y10) , XS ARG S T R 9 A BRI AR
U= R Ak 2 Z2 B (TR 35 20 00 B SR 1 % 2B
Bl =R, I 3k Bt e Jgg 200 B3 B 6 ST AN, R IR
T 1ASEAMH HepG2 \HGC27 , U251 45 fith J8 41 ity
YA, ik — A2 IR A S N A
PR IRBEE T LA, BT 18 U BAR R R AR
254 & AR AL L K

[ &% 3xik]

[ 1] SONIA W, AMEEN A B, AHMAD A K. Endophytic fungi:
unravelling plant-endophyte interaction and the multifaceted role
of fungal endophytes in stress amelioration [ J]. Plant Physiol
Bioch, 2024, 206. 108174.

[2] TAO H L, YUE S, FEI X, et al. Xanthene and citrinin

derivatives from the endophytic fungus Penicillium sp. T2-11

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[J]. Tetrahedron Lett, 2021, 90 153626.
LALIHE VEWE R B B, 4. 24 F AR B A TR PN A TR 40 S M
MBS MR AT [T, ob E B 2547 ,2023,40(2)
197.

/N, AR, BOALoT, 45, B N AR B Trichoderma sp.
FZ-31 Bk A F5E [ 1], W i2h ,2021,52(4) 1931
EWEHE X, E 15 % 2P NAEEW Fusarium solani
MBM-5 3 U AR ™ i 7 [ 1] o e b 24 5% 3, 2024 ,49
(10) :2722.

ZHANG L, LONG Y, LEI X, et al. Azaphilones isolated from an
alga-derived fungus Penicillium sp. ZJ-27 [ J]. Phytochem Lett,
2016, 18. 180.

LI H, YANG R, XIE F, et al. Multioxidized polyketides from an
endophytic Penicillium sp. YUD17006 associated with Gastrodia
elata [J]. Chin J Nat Med, 2024, 22(11) : 1057.

YING Y, LEI P, XU Y, et al. Secondary metabolites from
Penicillium sp. HS-11, a fungal endophyte of Huperzia serrata
[J]. Fitoterapia, 2024, 175 105943.

LIY, ZHU Y, ZHANG Z, et al. Antinociceptive grayanane-
derived diterpenoids from flowers of Rhododendron molle [ ] ].
Acta Pharm Sin B, 2020, 10(6) : 1073.

LIU Y, CHEN K L, ZHAO J Y, et al. A derivative of
trihydroxynaphthalenone and a pyrone metabolite from the
endophytic fungus Talaromyces purpurpgenus [ J]. ] Asian Nat
Prod Res, 2024, 26(5) : 555.

YANG J, ZHAO J, ZHANG J. The efficacy and toxicity of
grayanoids as analgesics: a systematic review [ J]. J Ethnopharmacol ,
2022, 298 115581.

PEDRAS M S C. The chemistry of cyclohexenediones produced
by the blackleg fungus [J]. Can J Chem, 1996, 74(8) : 1597.
PEDRAS M S C, MORALES V M, TAYLOR J L. Phomaligols
and phomaligadiones: new metabolites from the blackleg fungus
[J]. Tetrahedron, 1993, 49(37) . 8317.

PEDRAS M S C, TAYLOR J L., MORALES V M. Phomaligin a
and other yellow pigments in Phoma lingam, and P. wasabiae
[J]. Phytochemistry, 1995, 38(5) ; 1215.
WANG C N, LU H M, GAO C H,
benzopyranone and xanthone derivatives from a coral symbiotic
fungus Cladosporium halotolerans GXIMD 02502 [ J]. Nat Prod
Res, 2021, 35(24) : 5596.

TAKAO T, MIHO K, AKIKO K, et al. Four phenolics from the
cultured lichen mycobiont of Graphis scripta var. pulverulenta
[J]. Chem Pharm Bull, 1997, 45(7): 1183.
PREL, B 8IME , B E, 5. 730 AR WA B AR S T iR
IEPERFSEL)]. PR 2y ,2022,53(12) :3595.

FANZ Y, TIAN C, TONG Y S, et al. Chromones from the
endophytic fungus Bipolaris eleusines [ ] ].
2024, 221 114046.

HEZ 2R ARG, 5. BB ARN A B ZZF13 %
AR RFTE [ 1], LR 24 (A RBF0) , 2009, 48
(4):133.

1B F, k08 3, £ SCEK, S R O Al ok I W
Pseudeurotium sp. HDN17-894 E‘Jﬁﬁ{tlﬁj#%ﬁﬁ%[ﬂ S
W24 ,2024,43(2) :67.

HOLKER J S E, O’'BRIEN E, SIMPSON T J. The structures of
some metabolites of Penicillium diversum: a- and B-diversonolic
esters [ J]. J Chem Soc Perkin Trans 1, 1983, doi;10. 1039/
p19830001365.

BEG, XI5, VAR R, S5 LM N A B Talaromyces
purpurogenus WA YR 5E [ J]. 2524, 2020, 45
(6) :1368.

MACMILLAN J G, SPRINGER ] P, CLARDY ], et al.

Structure and synthesis of verruculotoxin, a new mycotoxin from

et al. Cytotoxic

Phytochemistry,

Penicillium verruculosum Peyronel [J]. J Am Chem Soc, 1976,

98(1) ; 246.
[EEHFE KTT

449



