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A new glycosyl ester isolated from marine-derived Penicillium sp.
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Abstract: Objective To isolate and identify the active natural products of marine-derived Penicillium sp. Hl. Methods The
isolations and purifications of secondary metabolites were performed by means of column chromatography over silica gel. And their
structures were elucidated through the spectroscopic analysis of MS, NMR, and specific rotations. The bioactivities were assayed by
paper diffusion. Results From the fermentation broth of marine-derived Penicillium sp. H1, five compounds were isolated and
identified as xylarinonericin E (1), fumitremorgin C (2), verruculogen (3), penicillide (4), and pyripyropene A (5), respectively.
Compound 1 showed moderate antifungal activity against Fusarium oxysporum f. sp. cubense with MIC value of 32.0 pmol/mL.
Compound 2 displayed antibacterial activity against Staphylococcus aureus with MIC value of 64.0 pg/mL. Conclusion Compound 1
is a new compound. Compounds 1 and 2 exhibit moderate antimicrobial activities.
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P ANt , 2 — AN AbB R L FRIE P i
AR M2 B 2 [ (2 2 Kl R EEN
BEAEY Z R, N HEE TR AT, W
DA BT M4 S, B AT R, B HRGE
KB TG O PEHEED W N T R AR
TS T SR B R R A0 T R AR
Y, AR H G B0k 5 TV A i TR Yok
VSR BT Penicillium sp. H1 347 T HFRP), itk
BREFRHE, MR = B 1 1N

WEYIR B R E (xylarinonericin E, 1) il 4 /N
HMEY): W& ZER C (fumitremorgin C, 2). &
BiH % 7% (verruculogen, 3). penicillide (4) LA
NUEFG - A (pyripyropene A, 5), 5 MELEWSE
IR FREE D WA S A R (B 1. Xk
HEVHEAT TIEETERIN, SR ER, a1
XA FEARG 00 1A X s/ MIHRR . (MIC) {EDN 32.0
ng/mL, P A4 2 %6 4 1 €45 4 BR 1A 1) MIC BN 64.0
pg/mL.

1 & 1~5 5

Fig. 1 Structures of compounds 1—5

1 UESHR

HCB-1300V 5 TAE & (5 Bl /R 8 A
PRATD; AR FE4 LRH-500A & (" RKBEE
BEEACH B0 ARAR D &K E®»
YXQ-LS-75SII 24 (_bifg e sl A7 BR A R BT %
J 75 AR R 2 il RS H (B T4
BIAFD: =i mpdE s KQ-500DB Y (Rl
T A A PR A F]D; B4 Mariner API-TOF #!
CEE N FHEM RGN T LRI Agilent-DD2
500 Y (EH Agilent AF]); =4 #¥ ESIMS Q-TOF
ULTIMA GLOBAL GAA076 LC( 3 [E Waters A 7] );
et POLAX-L B (3£ [H Atago /A7) ); ZL4F Nicolet
NEXUS 470 %! (Z[H Nicolet /A7 ); HEHL > 55 F it
FR W Ak, S RE . HEESE 8 Tl Ak
Al

2017 4F 11 H M P ALERIE BT AR VIR b
(N21°44'39", E108°35'25") W4 E5133] 1 #RiETER
Penicillium sp. Hl. Zi& WARAEKIEA DL R PR
ITS F4 EL5F (GenBank accession No. MK064156),

Pz R RS B N T %8 B Penicillium sp..
2
2.1 HERKLES

P& E M Penicillium sp. H1 #F7E PDA £5773%
W, 28 CESFRFETESFE 3d, WREIRIT I B bR
T KB S 19 200 mL KK B F23 CRK 80 g NaCl 6.6
g+ KK 120 mL) HETZIHE (1 000 mL) 1, 28 C
FRERE 30d, KEEFBN 10 L.
22 HHSFERE

BIPRIE A2 DNA [I4EHL. 3738 LU 24k
B A TAY TR A RA R 5E8. KB
5% 1TS1 (5°-TCCGTAGGTGAACCTGCGG-3’) /
ITS4 (5°-TCCTCCGCTTATTGATATGC-3"); PCR
IR 30.2 pL SR &R, A4E ddH,0 25 pl, PCR
Buffer 2.5 uL, dNTP 1 puL, F f1R % 0.5 uL, DNA
FEHR 0.5 L, B 0.2 uL; PCR N 644 94 C 1ide
P 4 min, 94 ‘CAEME 45, 55 CiB-k 45s, 72 CHE
1 min, 3£ 30 MER, HJ5 72 CLZEH 10 min.
FIH Blast K F M Genbank £ 22 - 48 Z AR LI B 1)
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ITS JE A 751, F#MH CMEGA 6 #E 2GR B .
23 REKRFEIHRIS S
2.3.1 kK Penicillium sp. H1 $2EUI 6148 5%
TR EEIR CBERER, 8T, WURIRYE 5331
H 6.8g.
232 GEMEIR S CRRE AT IR A R A
W, DUATHEE-BERR Ol (1001, 811, 6115 4
L2003 1006 10 2) BREESEL, WEE. Y854
TLC frl-&HH452] 6 M5 (Fr. 1~6). Fr.3 (1.1
g) &t ARG, FEE-/K (10%~100%)
BEEEVEMLS, W 4G54 TLC kil & I35 5
ANy Fr. 3.1~3.5, Fr. 3.1 (108 mg) K H ik
e e, WA W45 4 TLC /il & 7153 3
ANFAY Fr. 3.1.1~3.1.3. Fr. 3.1.1 (19 mg) KR
FE L DU ER-BE R B8 (30 1—1 1 1) BV
Ak B RAEY 1 (2.6 mg). Fr.3.2 (67 mg) KH
AT ol DU BE-BE TR 2B (3 1 1—1 1 1) R
Vel Aitb 5859 2 (5.6 mg) F13 (10.3 mg).
Fr. 3.3 (105 mg) K ARER A il DUA I Bt -5 2 .
fig (411201 BERBANSRIIED 4 (6.1
mg) 15 (5.0 mg),
24 HIEEMITEMN

FIBE ISP ENR FH 258 A —fmpaE 1,
H & O G BRI B SR AN B LB Br st (BB
BSe BEAK10g. S Se BE20g. H
KK 1L b, FERZR IR S YPD 557745 (i
HHE 20 g ERER 20 g« FERRRE 10 g« BUE 20 v
HAK/AK1L) ko WREEES 10 uL T4 L,
R TR TR 7R L, ®EBET 28 Chr
FRFET, REFRI AN 12~24 h, WLELA I el

77

A o B50US TRT EL BR RT 00 TR PR B 24 Sl 2 R A R
WP R XA MR A Y S DL ARk 2
H MIC.
3 H#BR55H
3.1 HEHREELER

Bk H1 [ 18 S rDNA JE[X ) PCR ¥ /7 51
KN 556 bp, 15 NCBI 45 P 1 (R B ik Penicillium
sp. (7415 HM595497.1) [£] 18 S rDNA F:[X 7 %)
[FURTER 96%, RGKFZRIT, ERGERER LAk
T —4 . MK EM% Hl (GenBank 4 3k %5
MKO064156) ¥ %€ N %W Penicillium sp.,
B 2, HE—DURILEARHE, WKRRSEE, A
FEW, KRB TE, 2IRARR, SHEHEBIE
BBl 5 Penicillium sp. WIESFHEAM—2,
KOEWME H1 NE %8 5 Penicillium sp..
3.2 HHERE

&Y 1: AR E, o]y +84° (¢ 0.1, MeOH).
UV A (nm): 207 (3.63). HR-ESI-MS fE m/z
573.232 5 A HHES T EFUE [M+Nal', #2891
N CosHasO0y10 LLAMEIELS HIFEHE (3388 cm ')
BRIE (1649 cm™) B BEl R AR I o %Ak
M5 WA sordaricin A AL L SN, 1125 2
NIFE RG2S A MCL R AE B R a] LU T
ZAA YIRS sordaricin!? 'Y, DEPT-135 LA
FH S ANTWHILES 6c 71.3 (CHy, C-19), 32.3 (CH,,
C-11), 29.2 (CH,, C-4), 29.1 (CH,, C-8), 26.5 (CH,,
C-12); '"H-NMR 4 H UL M55 1| MEEALE S 91 6.03
(1H, brd, J = 3.2 Hz, H-2); 1 MERAFS oy 9.74
(1H, s, H-17); 3 MHE(ES 64 0.97 BH, d, J = 6.7
Hz, H-16), 0.92 (3H, d, J = 6.7 Hz, H-15), 0.76 (3H,

96 Penicillium marneffei M22 (HM595497.1)
H1

Penicillium sp. LR6 (KM520021.1)

Penicillium sp. 2SF (KM579607.1)

96

Penicillium canescens SCAU030 (KY827360.1)

Penicillium purpurogenum LP55 (HQ392492.1)

100

0.005

Penicillium sp. FKI-4429 (AB548364.1)

2 HI ERHRGLBRRXE
Fig. 2 Phylogenetic tree analysis of strain H1
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d, J = 6.5 Hz, H-20), LA EZ5H T sordaricin i)
K5 . X NMR #5459 sordaricin 1R
FEAI, 2R HCA sordaricin TIATAED. L&Y 1
) 'H-'H COSY Ml TA-AMmamst (K
3), AW 1 1) HMBC 3% B iR H B T S i -k
LA EAMRES (B 3). ROESY K4 H
H-13. H-20 PL K H-17 PIAEME, #iE T iz &w
(1) BEA% N sordaricine EL T 1 BHER BUES: oc
949 (CH, C-1'), 69.2 (CH, C-2'), 74.0 (CH, C-3"),
66.8 (CH, C-4"), 72.9 (CH, C-5"). '"H-NMR (£ 1) %
H T HMNFIPEE S S on 5.13 (1H, d, J = 3.2 Hz,
H-1'), 3.92 (1H, dd, J = 3.2, 3.2 Hz, H-2"), 5.09 (1H,
dd, J = 9.0, 3.2 Hz, H-3'), 4.08 (1H, dd, J = 9.0, 9.0
Hz, H-4'), 4.35 (1H, d, J= 9.0 Hz, H-5"). HMBC ]
WL T R SRR ) A -BOE FE AR A A DG B R
F (0u 2.09) SHIEERK (0c 171.7) F1 1 NI IERR
55 (0c 74.0). IR ETTT (65 5.09) 5K (oc
171.7) WIMRAES (B 3). sordaricin i 22 Al
B R B B 2 AR OB HMBC 15 5 W H S
T (0n 431) 5HILER (Oc 171.0) HRES. B
5 H-4"F1 H-5" 2 [A RS54 (J=9.0 Hz) LLK
H-4"F1 H-3"Z [B] K R&HEE (J = 9.0 Hz) HEWTH
H-3'\ H-4'F1 H-5'67 T HEH Y a 85 4R H-3'A1 H-2'
Z AR A H (J = 3.2 Hz) e H-2'407 T4
AP e . ROESY i H-3'F1 H-5'M1¢, #t—5
fify H-3"F0 H-5"6 TR B[R, HL[EAL T a B A
A Mg mE 1 R, 28RN 1A
Wik &, dr ARMABE R Eo

& 2. FAE K, [a]h —36.3° (¢ 0.1, CHCLy).
ESI-MS m/z: 402.1 [M+Na]", 213 CyHasN305;
'H-NMR (500 MHz, CD;0OD) §: 8.48 (1H, s, H-1),
7.34 (1H, d, J = 8.5 Hz, H-16), 6.85 (1H, s, H-19),
6.67 (1H, dd, J = 8.6, 1.6 Hz, H-17), 5.99 (1H, d, J =

—— 'H-'H COSY
~—a HMBC
# X\ ROESY HO OH

3 &4 1 H89E% '"H-'"H COSY. HMBC. ROESY #3%
Fig. 3 Key 'H-'H COSY, HMBC, and ROESY correlations
of compound 1

xz1 LAY 1 B9 NMR ¥3E (500/125 MHz, CDCl+
CD;0D)

Table 1 NMR data of compound 1 (500/125 MHz, mixture
of CDC]; and CD;0D)

3IA O ¢
1 148.5,C
2 6.03 (1H, d, J=3.2 Hz) 131.1,CH
3 2.71 (1H,t,J=3.8 Hz) 46.5, CH
4 1.85 (1H, m), 1.27 (1H, m) 29.2, CH,
5 58.8,C
6 72.9,C
7 65.0,C
8 1.82 (1H, m), 1.74 (1H, m) 29.1,CH,
9 1.77 (1H, m) 41.6,CH
10 1.86 (1H, m) 31.3,CH
11 2.06 (1H, m), 1.20 (1H, m) 32.3,CH,
12 1.81(1H, m), 0.93 (1H, m) 26.5, CH,
13 2.02(1H, m) 41.6,CH
14 1.85(1H, m) 27.9, CH
15 0.92(3H,d,J=6.7 Hz) 22.4,CH,
16 097 (3H, d,J=6.7 Hz) 21.2, CH,
17 9.74(1H,s) 205.9, CH
18 174.4,C
19 431(1H,d,J=10.8 Hz), 71.3, CH,

4.44 (1H, d,J=10.8 Hz)

20 0.76 3H,d,J=6.5Hz) 17.4, CH,

21 171.0,C

' 5.13(1H,d,J=32Hz) 94.9, CH
2" 3.92(IH,dd,J=32,32Hz) 69.2, CH
3 5.09(1H,dd,J=9.0,3.2 Hz) 74.0, CH
4 4.08(IH, dd, J=9.0,9.0 Hz) 66.8, CH
5 435(1H,d,J=9.0 Hz) 72.9,CH

6' 171.7,C
7' 2.09 (3H, s) 21.0, CH,

9.6 Hz, H-3), 4.60 (1H, m, H-21), 4.23 (1H, m, H-12),
421 (1H, m, H-6), 3.77 (3H, s, 18-OCHs3), 3.55 (2H,
m, H-9), 3.40 (1H, dd, J = 15.5, 4.2 Hz, H-13), 2.96
(1H, dd, J = 15.5, 11.8 Hz, H-13), 2.33 (1H, m, H-7),
2.07 (1H, m, H-7), 2.05 (1H, m, H-8), 2.03 (1H, m,
H-8), 1.97 (3H, s, H-24), 1.62 (3H, s, H-23); "C-NMR
(150 MHz, CD,0OD) &: 171.6 (C, C-5), 168.1 (C,
C-11), 157.6 (C, C-18), 138.9 (C, C-20), 135.3 (C,
C-22), 133.6 (CH, C-2), 125.2 (CH, C-21), 121.9 (C,
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C-15), 119.2 (CH, C-16), 110.0 (CH, C-17), 106.0 (C,
C-14), 95.9 (CH, C-19), 60.4 (CH, C-6), 57.9 (CH,
C-12), 56.0 (CH;, 18-OCHj3), 52.3 (CH, C-3), 46.4
(CH,, C-9), 29.5 (CH,, C-7), 25.9 (CHj, C-23), 23.9
(CH,, C-8), 22.7 (CH, C-13), 18.3 (CHs, C-24). UL I
Hym 5 kg — 8, M Etam 2 oA
fumitremorgin C.

&Y 3. AEREA, [a]h —79.8° (¢ 0.1,
CHCl;). ESI-MS m/z: 5342 [M+Na], 1=
C,7H33N;07; "H-NMR (500 MHz, CDCls) 6: 7.90 (1H,
d, J = 8.7 Hz, H-16), 6.83 (1H, dd, J = 8.7, 2.1 Hz,
H-17), 6.64 (1H, d, J= 8.2 Hz, H-25), 6.59 (1H, d, J =
2.1 Hz, H-19), 6.05 (1H, d, J = 10.1 Hz, H-3), 5.66
(1H, s, H-13), 5.04 (1H, d, J = 8.1 Hz, H-26), 4.48
(1H, m, H-6), 3.84 (3H, s, 18-OCH3), 3.65 (2H, m,
H-9), 2.50 (1H, m, H-7), 2.10 (2H, m, H-7, H-8), 2.02
(1H, m, H-21), 1.72 (3H, s, H-24), 1.97 (1H, m, H-8),
1.74 (3H, s, H-28), 2.00 (3H, m, H-29), 1.67 (1H, m,
H-21), 1.01 (3H, s, H-23); "C-NMR (150 MHz,
CDCl) d: 170.9 (C, C-11), 166.3 (C, C-5), 156.5 (C,
C-18), 143.3 (C, C-27), 136.4 (C, C-20), 131.7 (C,
C-2), 121.8 (CH, C-16), 121.1 (C, C-15), 118.6 (CH,
C-26), 109.5 (CH, C-17), 105.7 (C, C-14), 94.1 (CH,
C-19), 86.0 (CH, C-25), 82.7 (C, C-12), 82.3 (C,
C-12), 68.8 (CH, C-13), 58.9 (CH,, C-6), 55.9 (CHs,
18-OCHj3), 51.3 (CH,, C-9), 49.0 (CH, C-3), 45.5
(CH,, C-21), 29.2 (CH,, C-7), 27.2 (CHj, C-24), 25.8
(CHs, C-23), 24.3 (CH3, C-29), 22.8 (CH,, C-8), 19.0
(CH;, C-28), VL -¥¥f 5 scmhdha—s'®, #kow
tEW) 3 4 verruculogen

&Y 4: LA, [a]y +19° (¢ 0.1, CHCLy).
ESI-MS m/z: 395.2 [M+Na]", 4T3 CyHa404:
'H-NMR (500 MHz, CDCl3) é: 7.59 (1H, d, J = 8.5
Hz, H-2), 6.89 (1H, d, J = 8.5 Hz, H-1), 6.86 (1H, s,
H-10), 6.38 (1H, brs, H-8), 5.10 (1H, dd, J = 8.6, 3.8
Hz, H-1), 5.08 (2H, m, H-7), 3.98 (3H, s, 4-OCHj3),
2.25 (3H, s, 9-CH3), 1.80 (1H, m, H-3"), 1.68 (1H, m,
H-2'), 1.48 (1H, m, H-2"), 0.99 3H, d, J = 6.5 Hz,
H-5'), 0.97 (3H, d, J = 6.5 Hz, H-4"); "*C-NMR (125
MHz, CDCLy) 6: 167.4 (C, C-5), 154.7 (C, C-4), 151.5
(C, C-12a), 147.4 (C, C-11), 141.4 (C, C-12), 137.3
(C, C-3), 135.2 (C, C-9), 131.2 (CH, C-2), 125.9 (C,
C-7a), 120.9 (CH, C-8), 119.8 (C, C-4a), 117.6 (CH,

C-1), 117.6 (CH, C-10), 69.1 (CH,, C-7), 66.9 (CH,
C-1'), 62.9 (CHs, 4-OCH3), 47.8 (CH,, C-2'), 25.1
(CH, C-3"), 23.6 (CHs, C-5"), 22.0 (CHs, C-4'), 21.0
(CHs, 9-CH3). LA Euds 5scukdhig —s"",
EWAY) 4 N penicillide.

& 5. LA, [a]y +61° (¢ 0.1, CHCLy).
ESI-MS m/z: 606.3 [M+Na]", 4373 C3;H37NO;
'H-NMR (500 MHz, CD;OD): ¢ 9.03 (1H, s, H-2"),
8.63 (1H, d, J= 4.2 Hz, H-6"), 8.28 (1H, ddd, J = 8.2,
3.5, 1.7 Hz, H-4"), 7.55 (1H, dd, J = 8.0, 4.8 Hz,
H-5"), 6.82 (1H, s, H-5"), 4.98 (1H, m, H-7), 4.97 (1H,
m, H-13), 4.80 (1H, dd, J = 11.5, 5.0 Hz, H-1), 3.77
(1H, d, J = 11.9 Hz, H-11), 3.74 (1H, d, J = 11.9 Hz,
H-11), 2.15 (1H, m, H-3), 2.16 (3H, s, 7-OCOCHj3),
2.09 (3H, s, 11-OCOCH3), 2.02 (3H, s, 1-OCOCH3),
1.90 (1H, m, H-2), 1.84 (1H, m, H-2), 1.80 (1H, m,
H-8), 1.74 (3H, s, H-14), 1.64 (1H, m, H-8), 1.61 (1H,
m, H-9), 1.48 (3H, s, H-12), 1.46 (1H, m, H-5), 1.27
(1H, m, H-3), 0.91 (3H, s, H-15); “C-NMR (125
MHz, CD;0D) d: 172.6 (C, 11-OCOCH3), 172.5 (C,
7-OCOCHj3), 172.0 (C, 1-OCOCH3), 165.1 (C, C-2"),
164.1 (C, C-4"), 158.2 (C, C-6"), 151.9 (CH, C-6"),
147.4 (CH, C-2"), 135.0 (CH, C-4"), 129.2 (C, C-3"),
125.5 (CH, C-5"), 104.5 (C, C-3"), 101.0 (CH, C-5"),
84.5 (CH, C-6), 79.8 (CH, C-7), 75.3 (CH, C-1), 66.0
(CH,, C-11), 60.3 (CH, C-13), 55.5 (CH, C-5), 46.6
(CH, C-9), 41.7 (C, C-10), 39.1 (C, C-4), 37.1 (CH,,
C-3), 26.1 (CH,, C-8), 23.8 (CH,, C-2), 21.1 (CHs,
7-OCOCH3), 21.0 (CH;, 1-OCOCH;), 20.7 (CHs,
11-OCOCH3), 17.9 (CHj, C-12), 16.8 (CH;, C-14),
13.5 (CH3, C-15). A%t 5 scmikdiis — 2, i
KA 5 N pyripyropene A
3.3 HIEDEMNIKER

B 1 6 A Bk 220 B ELA A i R ) 4 )
WEME, MIC N 32.0 pg/mL CPHPEZ5HR BEmef MIC
N 2.0 pg/mL). A& 2 N4 it 2 BR A 4k
W, MIC fHA 64.0 pg/mL (FHPEZIR RIS R I
MIC H 8 ug/mL),

4 g

AR SIS U LA Penicillium sp. H1 FHRAEAR
WE=RAT TR AL, BRI ORIG IR IR T
B4 5 MUEY), A& 1 e &9.
B 1 X HERERZEHE MIC N 32.0 pg/mL, L&
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W) 2 5% 4 0 (0 7] &) BRI MIC BN 64.0 pg/mL.

FURT ST 74 b A AU o L R A3 PRI
AU VI T £ W R 7 A, AR B
BRIEAT R GAR = i 7™ A 307 Hh b A5 A
WA, THREE, S EA R
JEC,  MESITROR IR Y L B ZREVE . AR
MFEVE, BT SRS, A
R Bml. TEVERR L S YD SR IERYR . H ATIE
RETREIFRBTBL R T AL ARV i L RIS A T A
VSV RaE D, B, MBS iR
PR Hh AR PURE TR S Y AR RHE 7 o
SE R
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