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Abstract: A new benzoic acid derivative, spinulacid (1), together with six known compounds ascomindone A
(2), ascomindone C (3), monomethylsulochrin (4), barceloneic acid A (5), flufuran (6), and 5-hydroxymethyl-
furaldehyde (7) were obtained from the rice fermentation extract of an endophytic fungus Penicillium spinulosum
isolated from Emmenopterys henryi Oliv. by various chromatographic techniques. Their structures were elucidated
by the analysis of NMR data, MS and comparison with literature. The biological activity results showed that
compounds 1, 2, 5, and 6 exhibited significant proangiogenic activity in transgenic zebrafish at concentrations of
20 and 40 umol-L"' (the animal experiment was approved by the Animal Ethical and Welfare Committee of Biology
Institute, Shandong Academy of Science, the approval number is SWS20240611). Compounds 1 and 4 displayed
moderate or strong antifungal activity against phytopathogen Fusarium graminearum with minimum inhibitory
concentration (MIC) values of 12.5, and 6.25 pg-mL", respectively. Besides, compound 4 was also found to show

obvious antibacterial activity against Staphylococcus aureus and Erwinia carotovora with MIC values of 6.25 and
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12.5 pg-mL", respectively.
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Figure 1  Structures of compounds 1-7
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Table 1 'H NMR, “C NMR, and HMBC data of compound 1 in
CD,0D
No. Je J, (J in Hz) HMBC
1 124.0 - -
2 132.0 7.80 (d, 1.9) C-4,C-6,C-7,C-8
3 130.6 - -
4 162.6 - -
5 110.8 6.99 (d, 8.6) C-1,C-3
6 131.0 7.89(dd, 8.6,1.9)  C-2,C-4
7 1703 - -
8 28.9 3.38(d, 7.4) C-2,C-3,C-4,C-10
9 124.0 557 (t,7.4) C-8, C-11, C-12
10 137.3 - -
11 68.8 3.97 (s) C-9, C-10, C-12
12 13.7 1.76 (s) C-9, C-10, C-11
13 56.1 3.90 (s) C-4
30
w20
é T - o .
> wn
2 10 : i
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Figure 2 Statistic analysis of the intersomitic vessels (ISVs) index
in zebrafish treated with compounds 1, 2, 5, and 6 (10, 20, 40: 10,
20, 40 pmol-L™). ISV index = number of intact vessels x 1 +number
of defective vessels x 0.5. n =10, X £s. “P < 0.01 vs control group;
"P<0.05,""P < 0.01 vs model group
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Alternaria alternata R85 J1# Fusarium graminearum

Control
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y

5(10 umol- L")

6 (10 umol- L")

N2 18 9 J] ¥ Fusarium oxysporum. 2 TR B 5
2 Mk 22 P M TR bR 4 0 A %) BR B Staphylococcus
aureus 1B SCFF W Erwinia carotovora, A1 1 £k 4 2% FH
4 B AR AT %6 50 B A & Klebsiella pneumonia, Fo45 a1
K23 Pn. PUREUR KR4 R SR, e 1A 4
X R A Bl 70 TR 2 B e A Bl ) B3 BVE P, MIC
3N 12.5 F16.25 ng-mL™; A 590 1 5 F S a8k ) B &
L H 55 1 0 B0 35 P, MIC {58 50 pg-mL's $L40H
TR, A B W) 2~ 4 %] 4 v 6 7] A R B AN R OO B
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Table 2 Antifungal activity (MIC, pg-mL™") of compounds 1-7

No. Alternaria Fusarium Fusarium

alternata graminearum oxysporum

1 >100 12.5 50

2 >100 >100 >100

3 >100 >100 >100

4 >100 6.25 >100

5 100 >100 >100

6 >100 >100 >100

7 >100 >100 >100

Nystatin 1.56 1.56 1.56

Table 3 Antibacterial activity (MIC, ug-mL"") of compounds 1-7

No. Staphylococcus Erwinia Klebsiella
aureus carotovora pneumonia

1 >100 100 100

2 25 50 >100

3 50 100 >100

4 6.25 12.5 >100

5 >100 >100 >100

6 >100 >100 >100

7 >100 >100 >100
Ciprofloxacin 1.56 1.56 1.56

1 (20 umol-L")

2 (20 umol L")

5 (20 pmol-L")

6 (20 umol-L")

Model Ferulic acid

1 (40 umol-L)

2 (40 umol- L")

5 (40 pmol-L")

6 (40 umol L")

Figure 3 A fluorescence microscopy of ISVs in transgenic zebrafish [Tg(vegfr2: GFP)] treated with PTK787 and different concentrations

(10, 20, 40 umol-L™") of compounds 1, 2, 5, and 6, using ferulic acid as a positive control
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