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Abstract: Objective To investigate the secondary metabolites produced by the marine-derived fungus Penicillium sp. MDW-627
isolated from Weizhou Island and evaluate their pro-angiogenic activity. Methods The structures of the compounds were elucidated
using a combination of infrared spectroscopy (IR), ultraviolet-visible spectroscopy (UV), High-Resolution ElectroSpray lonization
Mass Spectrometry (HR-ESI-MS), and multidimensional nuclear magnetic resonance (1D/2D NMR). The absolute configuration of
the compounds was determined by electronic circular dichroism (ECD) spectroscopy in combination with literature comparison. The
pro-angiogenic activity of the compounds was assessed using a zebrafish model. Results A new azaphilone derivative and nine known
compounds were isolated and identified: 5-Cl-peniazaphilone G (1), sclerotioramine (2), (+)-sclerotiorin (3), 11-epi-geumsanol B (4),
isochromophilone VI (5), peniazaphilone C (6), curvularin (7), diaporthelactone (8), 8-Hydroxy-6-methoxy-3-methylisocoumarin (9),
isomaltol (10). The pro-angiogenic activity assay revealed that compound 5 exhibited significant vascular growth-promoting effects at
a concentration of 40 umol/L. Conclusion Compound 1 was identified as a new azaphilone derivative, designated as 5-Cl-

peniazaphilone, and compound 5 demonstrated significant pro-angiogenic activity.
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5-Cl-peniazaphilone G
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Fig.1 Structures of compounds 1—10
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MAGNA-1R550 {8 B A2 #2143 (Thermo
~H]), Agilent Cary 60 5548 A] WYGHEAY (& [E 24
WRHEA TR A ] Agilent 1260 7 RRAH il (%
Agilent A 7)), Nacalai tesque COSMOSIL 5C;s-
MS-II# (250 mm X 10 mm, 5 pm) 6%+,
COSMOSIL 5Cs-MS-1I7H (250 mm X 20 mm, 5 pm)
ik, YMC*GEL ODS-A-HG MR (HA
YMC Group), 412 DMSO (Sigma ‘A ] ), Brucker
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mg) JEIHE HPLC (35%Z) RELEY 9
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T2 £ HPLC (65% ) SR EY) 5 (r=19.3
min, 5.0mg). Fr.4.7 (416.5mg) iBEilH4% HPLC
(80%HEE) PIHMLEH 2 (r=83 min, 55mg) 14
(r=10.7 min, 1.2 mg),
2.3 {RIMEEBGEMENIRK

BHIEN T (fli-1: EGFP) ZRPL5fa yiji T
(28.0%0.5) CHEFFHAE 20~24h, UMY
BrFe /KGN 1 mg/mL S5 5 5 B E, it o0
PASPE L AARRG . 17 24 FLAR PRI 2 mL )97
fiK. 0.2 pg/mL AR K R 1 52 VA T S R S
fil77 (PTK787) AL (40 pmol/L) LK 10
ANBE T fa IR E A Seaed, LRI FR K FIBE S
R H A 2R R A, LI AR 7K, PTK787 All
BE L R RE IR RAE AL, DU FREIK, 40
umol/L Fi[ZEER . PTK787 Bt I fa IR A R1E N
PRPEZGZH, BAHSEE 3 M PAT. SHIRART (28.0+
0.5) CH;7% 24 h J5, A OLYMPUS %68
W EZ BT T 04 B IS ) AR A 0, 4 BRSE T2 AT
SE A B A R 1 A AR S T 0T,
3 ZBR59H
3.1 EMEREE

&Y 1. BEEMRY, [a]d +10 (c 0.10

MeOH); &7 #it HR-ESI-MS 7£ m/z 461.170 7
CIHHAH 461.170 D 45 7> 7 257l [M+Na]* Al
1E m/z 463.168 4 45 7 ¥ & F % [M+2-+Na]',
HEbBlh 301, RPALEW 1 PAAE 1 AR
F, Bk, #fiE TN CisH06, AHAIEEA 8.
AN R EE (3413 cm™)  FEFRFE (1646 cm 1)
FRIA (1453 em ™) L5 B 5 UV A (nm):
200 (4.55), 294 (3.43), 385 (3.48), ‘Zin T HEREAS
AV IRER IS, HAXMIEIE 5 peniazaphilone
GUIE AL, ME—ZFETED 1 UL 1L AT
FAEFTFEUR T peniazaphilone G #1175 & 1K
HEE. 454 HRESIMS #24tH 0 FEE, 1 #H%
%€ A peniazaphilone G 1] C-5 S & ACHTAEY) . Wit
WEY 1 ) YRR R T (B 2) g2
E 71X —2510, I EMRFIng M. £
NOESY K, FHF| Hs-18 5 H-8 X, UiEHE
TMIEAMFE AR . b, 75 NOESY i & s
FAF| H-8 5 H-3HIMHK, Z6E 11 C-7.
CH-8. CHx-1'. C-2'F% CHs-3'MIR%RES s 5 Cik
14t %) peniazaphilone G [JAH% NMR % —2%,
IEREA TR C-7 & C-8 HAGHH [H AIAI X #4978
A 1 1) C-10~C-15 M5 11k 2207 7 5 ik
1] 8a-epi-eupenicilazaphilone C [PFJAH N s —2,
eI TR C-11. C-12 K C-13 HAT A A AH %
FRI02, &% 1 ) ECD ¥4k 5 Caib- &
peniazaphilone G ] ECD ##& (K& 3) JEHAHML,
EAY 1 L 7N TR.8R,11S,12R,135,2'R.
AL, REE WA BE, A C-13 [
NS, Xt BAERE T UL AT BT, BLR NMR
Bl W 1. 2 Scifinder i ER R, WEW1 N
WA, foN 5-Cl-5t e P HLAER .

Cl OH
=

—_— COSY

-~~~ HMBC H,cO
+»77x NOESY 1
B2 #®&#¥1KEE 'H-'"H COSY. HMBC f8xM4
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th&w 2. kY, ESI-MS m/z: 390.2 [M+
H]" 43730 C21H2CINO4, 'H-NMR (400 MHz,
CDs0OD) 0:8.04 (1H, s, H-1), 7.17 (1H, d, J=16.1 Hz,
H-10), 7.11 (1H, s, H-4), 6.41 (1H, d, J = 16.1 Hz, H-
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Fig.3 Experimental ECD spectra of compound 1

#z1 LEY1R'H- F1B3C-NMRE#E (400/100 MHz, CDCls)

Table 1 'H- and '*C-NMR data of compound 1 (400/100
MHz, CDCls)

/A OH dc, type
1 7.19 (s) 143.7, CH
3 156.3,C
4 6.54 (s) 106.2, CH
4a 1394, C

111.0,C
189.8,C
85.0,C
3.40 (dd, J=12.4,6.8 Hz) 43.7,CH
8a 116.7,C
9 6.43 (d, J =15.5Hz) 120.3, CH
10 658(d,J=155Hz) 141.1, CH
11 76.1,C
12 354(s) 79.1, CH
13 154 (m) 36.6, CH
14 142 (m) 28.9, CHs
1.31 (m)
15 0.91 (t, J=7.5 Hz) 12.0, CHs
16 0.88 (d,J=7.0 Hz) 13.3, CHs
18 142(9 24.8, CHs
1 2.13, (dd, J=12.4,6.8 Hz) 45.6, CH2
2.06, (dd, J = 12.4, 12.4 Hz)
105.8,C
1.44 (s) 21.9, CHs
3.34 (s) 49.1, CHs

9),5.75 (1H, d, J=9.7 Hz, H-12), 2.55 (1H, m, H-13),
2.12 (3H, s, H-20), 1.91 (3H, s, H-17), 1.51 (3H, s, H-
18), 1.47 (1H, m, H-14a), 1.33 (1H, m, H-14b), 1.04
(3H, d, J = 6.6 Hz, H-16), 0.89 (3H, t, /= 7.3 Hz, H-

15); BC-NMR (100 MHz, CD;OD) d: 195.2 (C, C-8),
185.7 (C,C-6), 171.6 (C, C-19), 149.3 (CH, C-12),
148.9 (C, C-4a), 148.0 (C, C-3), 143.3 (CH, C-10),
139.6 (CH, C-1), 133.8 (C, C-11), 118.4 (CH, C-9),
115.7 (C, C-8a), 112.4 (CH, C-4), 102.0 (C, C-5), 86.1
(C, C-7), 36.2 (CH, C-13), 31.2 (CHa, C-14), 23.8
(CHs, C-18), 20.6 (CHs, C-20), 20.2 (CHs, C-16), 12.5
(CH3, C-17), 12.3 (CH3, C-15). LA % 5 clkikiE
F—24, W& 2 N sclerotioramine »

& 3: FEKA, ESI-MS m/z: 391.1 [M+
HI*, 2 73 CuHxClOs, 'H-NMR (400 MHz,
CD;0D) 6:8.20 (1H, s, H-1), 7.19 (1H, d, J= 12.7 Hz,
H-10), 6.87 (1H, s, H-4), 6.37 (1H, d, J = 15.7 Hz, H-
9),5.74 (1H, d, J=9.7 Hz, H-12), 2.39 (1H, m, H-13),
2.13 (3H, s, H-20), 1.89 (3H, s, H-17), 1.54 (3H, s, H-
18), 1.44 (1H, m, H-14a), 1.32 (1H, m, H-14b), 1.02
(3H, d, J = 6.6 Hz, H-16), 0.88 (3H, t, J = 7.4 Hz, H-
15); 3C-NMR (100 MHz, CD;0D) d: 192.8 (C, C-6),
188.0 (C, C-8), 171.5 (C, C-19), 160.5 (C, C-3), 155.2
(CH, C-1), 149.5 (CH, C-12), 144.1 (CH, C-10), 141.6
(C, C-5), 133.9 (C, C-11), 117.4 (CH, C-9), 115.7 (C,
C-4a), 110.6 (C, C-8a), 107.3 (CH, C-4), 86.2 (C, C-7),
36.3 (CH, C-13), 31.2 (CHa, C-14), 22.9 (CH3, C-18),
20.6 (CH3, C-16), 19.9 (CH3, C-20), 12.5 (CH3, C-17),
12.4 (CHs, C-15). DA F3# 5 Sk — 53, i
BREWAY 3N (+)-sclerotiorin.

&Y 4: EEHIRY), ESI-MS m/z: 439.2 [M+
Na]*, 43T 7\ C23Ha507, 'H-NMR (400 MHz, CD;0D)
8:7.59 (1H, s, H-1), 6.83 (1H, d, J = 15.7 Hz, H-10),
6.40 (1H, s, H-4), 6.34 (1H, d, J= 15.7 Hz, H-9), 5.45
(1H, d, J = 1.0 Hz, H-5), 4.22 (1H, d, J= 12.3 Hz, H-
20), 3.93 (1H, s, H-8), 3.43 (1H, d, J = 2.2 Hz, H-12),
2.40 (3H, s, H-22), 1.72 (1H, m, H-13), 1.54 (3H, s, H-
18), 1.42 (1H, m, H-14a), 1.34 (3H, s, H-17), 1.29 (1H,
m, H-14b), 0.89 (3H, t, J= 7.6 Hz, H-15), 0.82 (3H, d,
J = 6.7 Hz, H-16); 3C-NMR (100 MHz, CD;OD) &:
201.7 (C, C-21), 194.1 (C, C-6), 170.9 (C, C-19), 158.5
(C, C-3), 149.5 (CH, C-1), 145.7 (C, C-4a), 145.0 (CH,
C-10), 119.9 (CH, C-9), 115.9 (C, C-8a), 109.2 (CH, C-
4), 106.5 (CH, C-5), 84.0 (C, C-7), 81.1 (CH, C-12),
76.7 (C, C-11), 57.5 (CH, C-20), 43.8 (CH, C-8), 36.3
(CH, C-13), 30.0 (CHa, C-14), 29.9 (CH3, C-22), 26.8
(CHs, C-17), 23.5 (CHs, C-18), 14.4 (CHs, C-16), 12.2
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(CH3,C-15). VA 3 5 ko — 804, B e
&%) 4 4 11-epi-geumsanol B

&Y 5: L EIRYI, ESI-MS m/z: 456.1 [M+
Na]*, 7> F3 N C;HxCINOs, 'H-NMR (400 MHz,
CD;0D) ¢: 8.16 (1H, s, H-1), 7.19 (1H, s, H-4), 7.10
(1H, d, J = 15.5 Hz, H-10), 6.57 (1H, d, J = 15.5 Hz,
H-9), 5.78 (1H, d, J = 9.7 Hz, H-12), 4.24 (2H, m, H-
21), 3.84 (2H, t, J = 5.0 Hz, H-22), 2.54 (1H, m, H-13),
2.03 (3H, s, H-20), 1.92 (3H, d, J= 0.9 Hz, H-17), 1.51
(3H, s, H-18), 1.45 (1H, m, H-14a), 1.36 (1H, m, H-
14b), 1.04 (3H, d, J = 6.6 Hz, H-16), 0.90 (3H, t, J =
7.4Hz, H-15); 3C-NMR (100 MHz, CD;0D) : 195.1
(C, C-8), 185.5 (C, C-6), 171.6 (C, C-19), 151.9 (C, C-
4a), 148.8 (CH, C-12), 148.4 (CH, C-10), 146.5 (C, C-
3), 144.5 (CH, C-1), 133.9 (C, C-11), 117.2 (CH, C-9),
116.3 (C, C-8a), 112.6 (CH, C-4), 101.2 (C, C-5), 86.2
(C, C-7), 61.1 (CHa, C-22), 57.5 (CH,, C-21), 36.2
(CH, C-13), 31.2 (CHa, C-14), 23.8 (CH3, C-18), 20.6
(CH3, C-20), 20.2 (CHs, C-16), 12.7 (CHs, C-17), 12.4
(CH3, C-15). VA ¥ 5 sCilikoE — 809, #os e
A& 5 9 isochromophilone V.

W& 6: TEEIMIRYY, ESI-MS m/z: 447.2 [M+
Na]*, 70T 3H A CuHnClOs, 'H-NMR (400 MHz,
CD;OD) d: 7.44 (1H, s, H-1), 6.53 (1H, s, H-4), 6.61
(1H, d, J = 15.6 Hz, H-10), 6.38 (1H, d, J = 15.6 Hz,
H-9), 3.51 (1H, d, J= 1.2 Hz, H-12), 3.40 (1H, dd, J =
10.2, 0.8 Hz, H-8), 3.10 (1H, dd, J = 18.4, 2.9 Hz, H-
1), 2.36 (1H, dd, J = 18.5, 10.2 Hz, H-1"), 2.07 (3H, s,
H-3"), 1.70 (1H, m, H-13), 1.38 (1H, m, H-14a), 1.34
(3H, s, H-17), 1.32 (1H, m, H-14b), 1.30 (3H, s, H-18),
0.97 (3H, d, J= 6.8 Hz, H-16), 0.92 (3H, t, J= 7.4 Hz,
H-15); BC-NMR (100 MHz, CD;0D) d: 207.1 (C, C-
2", 192.0 (C, C-6), 156.7 (C, C-3), 145.6 (CH, C-1),
144.9 (CH, C-10), 141.4 (C, C-4a), 120.5 (CH, C-9),
119.5 (C, C-8a), 107.4 (C, C-5), 106.1 (CH, C-4), 78.4
(CH, C-12),75.9 (C, C-11), 74.1 (C, C-7), 41 .4 (CHa, C-
1), 40.2 (CH, C-8), 35.5 (CH, C-13), 30.7 (CH3, C-3"),
28.8 (CH,, C-14), 26.8 (CHs, C-18), 23.9 (CH3, C-17),
13.5 (CHs, C-16), 12.0 (CH3, C-15). LA_E##5 53wk
iE—#0Y, #tb- 54 6 45T N peniazaphilone C.

& 7: AEMA, ESI-MS: m/z293.1 [M+
H]*, % F A A CisHuO0s, 'H-NMR (400 MHz,
CD;0D) d: 6.26 (1H, d, J = 2.3 Hz, H-4), 6.22 (1H, d,

J=2.3Hz, H-6), 4.92 (1H, m, H-15), 3.87 (1H, d, J =
15.8 Hz, H-2a), 3.64 (1H, d, J = 15.8 Hz, H-2b), 3.22
(1H, m, H-10a), 2.74 (1H, m, H-10b), 1.73 (1H, m, H-
11a), 1.59 (1H, m, H-14a), 1.55 (1H, m, H-11b), 1.47
(1H, m, H-13a), 1.43 (1H, m, H-14b), 1.40 (1H, m, H-
12a), 1.30 (1H, m, H-13b), 1.26 (1H, m, H-12b), 1.13
(3H, d, J = 6.3 Hz, H-16); C-NMR (100 MHz,
CD;0D) ¢: 209.8 (C, C-9), 172.9 (C, C-1), 161.2 (C,
C-5), 159.5 (C, C-7), 137.2 (C, C-3), 120.9 (C, C-8),
112.2 (CH, C-4), 102.7 (CH, C-6), 73.9 (CH, C-15),
44.7 (CHa, C-10), 40.5 (CHa, C-2), 33.0 (CHa, C-14),
27.7 (CHa, C-12), 24.9 (CH,, C-13), 23.9 (CH,, C-11),
20.5 (CHs, C-16). LA FHR 5 sClik#oE — 20, i)
WENAEW) T N curvularin.

& 8: LtalE A, ESI-MS m/z: 207.0 [M+
HT*, > 73 A CiiHi004, 'H-NMR (400 MHz, CDCl3)
5:9.90 (1H, s, H-3", 7.90 (1H, s, H-6), 5.53 (2H, s, H-
1),4.26 (3H, s, H-2'),2.38 (3H, s, H-1'); 3C-NMR (100
MHz, CDCl3) d: 190.5 (CH, C-3%, 168.0 (C, C-3),
162.2 (C, C-4), 148.8 (C, C-7a), 140.8 (CH, C-6), 132.2
(C, C-7), 1252 (C, C-5), 116.8 (C, C-3a), 70.4 (CH,, C-
1), 63.2 (CHs, C-2"), 16.1 (CHs, C-1"). LA %54 5 ik
i —27, #eEEEY) 8 4 diaporthelactone.

&Y 9: Tk, ESI-MS m/z: 207.1 [M+
H*, 2 ¥ A CiuH100s, 'H-NMR (400 MHz,
CD;0OD) ¢: 6.45 (1H, s, H-7), 6.31 (1H, s, H-5), 3.88
(3H, s, H-10), 2.19 (3H, s, H-9); '3C-NMR (100 MHz,
CD;0D) : 166.9 (C, C-1), 162.4 (C, C-8), 165.1 (C,
C-6), 156.1 (C, C-3), 144.0 (C, C-4a), 105.0 (CH, C-4),
103.9 (C, C-8a), 101.6 (CH, C-5), 99.7 (CH, C-7), 56.3
(CH3, C-10), 19.2 (CH3, C-9). L% 5 CikikiE
— 3081, WS EM A 9 N 8-hydroxy-6-methoxy-
3-methylisocoumarin.

AP 10: KEEIHIRY), ESI-MS m/z: 127.0 M+
HJ*, 713N CeHs03, 'H-NMR (400 MHz, CD3;0D)
5:7.89 (1H, d,J=8.7 Hz, H-5), 6.84 (1H, d, J=8.7 Hz,
H-4),2.53 (3H, s, H-2"); 3C-NMR (100 MHz, CD;0D)
5: 199.5 (C, C-3), 164.0 (CH, C-5), 132.1 (C, C-1),
130.2 (CH, C-1"), 116.2 (CH, C-4), 26.3 (CH3, C-2').
DA 3R S SckoE — 8009, SRS 10 N
isomaltol.

3.2 EMMRER
BT PTKT787 5 T 1B B o il B 45 B AN A,
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A-fluorescence microscopy of intersegmental vessels in zebrafish; B-number of intersegmental vessels in zebrafish; #P < 0.01 vs control group; **P < 0.01

vs model group.
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Fig. 4 Influence of compounds on intersegmental vessels in zebrafish

4 T

OUCMDZ-3839 [J]. Mar Drugs, 2019, 17(5): 260.

AT LA S ok JE G PE B Penicillium sp. [5] fRENNE, M, TONE, . ACEBEERAE YR 2
MDW-627 ABFFE0 2, i 5e hok B 72 e Sy pi A FEtE S22 REMERT e R [J]. T I RLEE, 2020,
SRR, SN SSEE T 10 TPRELEY), B 14 [6] 2721((;5)]:/?3\-(2228 X, Qin J C. Azaphilones: Chemistry and
%ﬁﬁ’]@’f\@lﬂ;‘é%é}% ( 1113\& 94 E%MJC/‘E'\% (2~ biology [J]. Chem Rev, 2013, 113(7): 4755-4811.

100 o EPEAGIR SR, FE 40 pwmol/L USEAE [7] Osmanova N, Schultze W, Ayoub N. Azaphilones: A class

WEY) 5 BE R E et B B Ay a8 A, A of fungal metabolites with diverse biological activities [J].

WARAMNES 7S B8 RIS 2 6, Phytochem Rev, 2010, 9(2): 315-342.

[ If 9 00 2 e AR B e S A R 3R 8 [8] Feng T, Wu R X, Wang Y F, et al. Proangiogenic

THEWIE. azaphilones  from the  marine-derived  fungus
FEAR FAGEYERRELENNZFE Neopestalotiopsis sp. HN-1-6 [J]. Mar Drugs, 2024, 22(6):

241.

SE 3k [0 EEE, HOMME, B, S5 TP &KL D EEK 5

(1] ERBE, BRoKil, BRAge, S5 v Rl v 30w B LR BACE = E (7], AR, 2023, 42(2): 553-

L HAENE R GACH = FeiPd [J]. BB, 2020, 561.

42(5): 505-514. [10] Wang C, Xu H, Wang J J, et al. Isocoumarins from
[21 REE SR, BRER. W E R G Spegazzinia sp. MDCW-573 with antibacterial and

AR [0 JRARIRFEFR, 2017, 33(5): 687-699. proangiogenic activities [J]. J Nat Prod, 2025, 88(3): 757-
[3] BluntJ W, Carroll A R, Copp B R, ef al. Marine natural 767.

products [J]. Nat Prod Rep, 2018, 35(1): 8-53. [11] Yang W C, Yuan J, Tan Q, et al. Peniazaphilones A: I,
[4] JiaQ,DuY Q, Wang C, et al. Azaphilones from the marine produced by co-culturing of mangrove endophytic fungi,

sponge-derived  fungus  Penicillium  sclerotiorum

Penicillium sclerotiorum THSH-4 and Penicillium



F8 B 20255108 $56% B208  Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 20

° 7287

[12]

[13]

[14]

[15]

sclerotiorum ZJHIJI-18 [J]. Chin J Chem, 2021, 39(12):
3404-3412.

Wang H C, Ke TY, Ko Y C, et al. Anti-inflammatory
edible Alga-derived fungus
Penicillium sclerotiorum [J]. Mar Drugs, 2021, 19(10):
529.

MR, REN, HRE, F. HIEEEEN AR
Z27 IRBACHT =MW FT [1]. Th2hHE, 2011, 34(4): 544-546.
Chen S R, Wang S W, Chen C Y, et al. Additional

azaphilones

azaphilones from the

from the marine algae-derived fungus
Penicillium sclerotiorum with anti-angiogenic activity [J].
B Chem Soc Jap, 2023, 96(1): 1-7.

Gu B B, Wu Y, Tang J, ef al. Azaphilone and isocoumarin
derivatives from the sponge-derived fungus Eupenicillium
sp. 6A-9 [J]. Tetrahedron Lett, 2018, 59(36): 3345-3348.

[16]

[17]

[18]

[19]

Cadelis M M, Li S A, van de Pas S J, ef al. Antimicrobial
natural products from plant pathogenic fungi [J].
Molecules, 2023, 28(3): 1142.
Lin X, Huang Y J, Fang M J, et al. Cytotoxic and
antimicrobial metabolites from marine lignicolous fungi,
Diaporthe sp [J]. FEMS Microbiol Lett, 2005, 251(1): 53-
58.
Feng L X, Zhang BY, Zhu H J, ef al. Bioactive metabolites
from Talaromyces purpureogenus, an endophytic fungus
from Panax notoginseng [J]. Chem Nat Compd, 2020,
56(5): 974-976.
Jeon WK, Lee J H, Kim H K, et al. Anti-platelet effects of
bioactive compounds isolated from the bark of Rhus
verniciflua stokes [J]. J Ethnopharmacol, 2006, 106(1):
62-69.

[Tt EXAF]



