
712 0009-3130/22/5804-0712 ©2022 Springer Science+Business Media, LLC

1) Key Laboratory of Chemistry in Ethnic Medicinal Resources, State Ethnic Affairs Commission & Ministry
of Education, Yunnan Minzu University, 650031, Kunming, P. R. China, e-mail: linkli609@163.com; 2) Key Laboratory
of Tobacco Chemistry of Yunnan Province, China Tobacco Yunnan Industrial Co., Ltd., 650231, Kunming, P. R. China,
e-mail: xmlikm@126.com. Published in Khimiya Prirodnykh Soedinenii, No. 4, July–August, 2022, pp. 603–606.
Original article submitted July 28, 2021.

Chemistry of Natural Compounds, Vol. 58, No. 4, July, 2022

ASPERGILLINES  K  AND  L,  TWO  NEW  ANTI-TMV  INDOLE  ALKALOIDS
FROM  FUNGUS  Aspergillus  versicolor  DERIVED  FROM  TOBACCO

Ya-Ning Zhu,1 Ming-Xin Liu,1 Bing-Biao Cai,2

Yong Li,2 Man-Fei Li,1  Hua-Shun Liu,1

Min Zhou,1 Guang-Yu Yang,2 Qiu-Fen Hu,1

Yin-Ke Li1,2* and Xue-Mei Li2*

Two new (1 and 2) and four known (3–6) CPA-type indole alkaloids were isolated from the fungus
Aspergillus versicolor. Their structures were determined by means of HR-ESI-MS and extensive 1D and
2D NMR spectroscopic studies. Compounds 1 and 2 were tested for their anti-tobacco mosaic virus
(anti-TMV) activity. The results showed that compounds 1 and 2 demonstrated potential anti-TMV activity
with inhibition rates within the range 29.2 and 30.1% respectively.
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Aspergillus versicolor is a highly ubiquitous species of fungus commonly isolated from soil, plant debris, marine
environments, and indoor air environments [1, 2]. Many metabolites produced by A. versicolor exhibit multiple biological
activities, such as anti-bacterial, fungicidal, insecticidal, anti-viral, and cytotoxic properties [3, 4]. Prenylated indole alkaloids
constitute one of the characteristic components in Aspergillus fungi, and they have attracted much attention from chemists and
biologists owing to their complex structures and interesting bioactivity. Great efforts have been made to synthesize and identify
new prenylated indole alkaloids [5–10].

The α-cyclopiazonic acid (α-CPA) is an indole-tetramic acid that was initially isolated from the fungus
Penicillium cyclopium as a toxic metabolite [11]. It was then found to be widely distributed in the ubiquitous genera of molds
Aspergillus and Penicillium. To date, some naturally occurring CPA analogs have been discovered with minor structural
variations, and most are indole or oxindole alkaloids containing the tetramic acid unit [12–15]. Those alkaloids possess attractive
biological activities such as anti-TMV activity [9], cytotoxicity [9, 13, 14], anti-oxidant activity [15], anti-bacterial activity
[12], pronounced neurite outgrowth-promoting effects [8], and especially the CPA is one of the few inhibitors of the
sarco(endo)plasmic reticulum Ca2+-ATPase [16, 17]. For the above reason, the CPA and its analogs have drawn widespread
attention as potential drug candidates.

As part of our efforts to discover novel secondary metabolites from tobacco-derived microorganisms, the fungus
Aspergillus versicolor, isolated from the root Nicotiana tabacum (tobacco) collected at Jiangchuan County, Yuxi City, China,
was investigated and resulted in the yield of two new (1 and 2), and four known (3–6) CPA-type indole alkaloids. The new
compounds were elucidated by means of spectroscopic methods, whereas the known compounds were identified by comparison
with data in the literature. Compounds 1 and 2 were also evaluated for their anti-tobacco mosaic virus (anti-TMV) activity.
Herein, we report their isolation, structure determination, and the bioassay screening.
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A 70% aqueous Me2CO extract prepared from the fermentation products of the endophytic fungus A. versicolor was
partitioned with EtOAc. The EtOAc-soluble materials were subjected repeatedly to column chromatography on silica gel and
preparative HPLC to afford two new CPA-type indole alkaloids, aspergillines K and L (1 and 2), together with four known
CPA-type indole alkaloids (3–6). The 1H and 13C NMR data of compounds 1 and 2 are listed in (Table 1). The known
compounds, compared with the literature, were identified as cyclopiamide (3) [18], cyclopiamide D (4) [19], speradine G (5)
[20], and amycocyclopiazonic acid (6) [13].

Compound 1, an orange gum, had a molecular formula of C17H16N2O2, as revealed from HR-ESI-MS (m/z 303.1115
[M + Na]+), suggesting 11 degrees of unsaturation. The IR spectrum showed absorption bands amine (3189 cm–1), carbonyl
(1692 cm–1), and aromatic ring (1640, 1482, 1367 cm–1), and the UV spectrum showed absorption maxima at 215, 264, 320,
354, and 398 nm. It also showed the existance of an aromatic ring. Its 1H, 13C, and DEPT NMR data (Table 1) displayed
resonances for 17 carbons and 16 hydrogen atoms, which were ascribed to a 1,2,3,4-tetrasubstituted naphthalene ring (C-3, C-4,
C-8–C-15, H-9, H-11–H-13), a –CO-N- moiety (C-2 and N-1) [18], a –C(CH3)2-N-CO- moiety (C-5, NH-6, C-7, C-16, C-17,
H3-16, and H3-17) [19], and an N-ethyl group (C-18, C-19, H2-18, and H3-19). On the basis of the carbon chemical shifts of
these resonances, the naphthalene ring and two carbonyl groups in compound 1 accounted for 9 of the 11 degrees of unsaturation.

TABLE 1. 1H (500 MHz) and 13C (125 MHz) NMR Data of Compounds 1 and 2 (CDCl3, δ, ppm, J/Hz)

1 2 
C atom 

δH δC δH δC 

2 – 165.2 (C) – 165.8 (C) 
3 – 125.2 (C) – 125.2 (C) 
4 – 126.3 (C) – 125.8 (C) 
5 – 166.5 (C) – 166.3 (C) 
7 – 64.9 (C) – 65.5 (C) 
8 – 152.5 (C) – 152.9 (C) 
9 8.10a (s) 123.3 (CH) 8.09 (s) 123.2 (CH) 
10 – 132.4 (C) – 132.2 (C) 
11 7.43 (d, J = 7.8) 120.3 (CH) 7.41 (d, J = 7.8) 120.6 (CH) 
12 7.48 (t, J = 7.8) 130.2 (CH) 7.47 (t, J = 7.8) 130.1 (CH) 
13 6.93 (d, J = 7.8) 105.3 (CH) 6.96 (d, J = 7.8) 105.5 (CH) 
14 – 141.0 (C) – 141.8 (C) 
15 – 126.3 (C) – 126.2 (C) 
16 1.98 (s) 26.9 (CH3) 1.92 (s) 27.1 (CH3) 
17 1.94 (s) 27.9 (CH3) 1.90 (s) 27.7 (CH3) 
18 3.48 (m) 44.3 (CH2) – 168.4 (C) 
19 1.28 (t, J = 7.3) 13.2 (CH3) 4.30 (s) 54.6 (CH2) 
20   – 203.0 (C) 
21   2.38 (s) 30.8 (CH3) 

6-NH 9.23 (s)  9.21 (s)  
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The –CO-N- moiety should be fused to a naphthalene ring to form a 1H-pyrrol-2(3H)-one ring (N-1, C-2, C-3, C-14, and
C-15), and the –C(CH3)2-NH-CO- moiety should also be attached to the naphthalene ring to form a dimethyl-1H-pyrrol-
2(5H)-one (C-4, C-5, NH-6, C-7,  C-8, C-16, C-17, H3-16, H3-17) to meet 11 degrees of unsaturation. This deduction was
supported the HMBC correlations (Fig. 1) from H-9 to C-4, C-7, C-8, from H3-16 and H3-17 to C-8, and from NH-6 to
C-4, C-8. The NMR data of 1 (Table 1) showed great similarity to those of the known compound, cyclopiamide (3) [18], with
the only obvious difference in the extra presence of an N-ethyl moiety and disappearance of a N-methyl group, which suggested
that 1 was a cyclopiamide analog. The HMBC spectrum showed correlations of H-18 with C-14, C-2, which suggested that the
N-ethyl group attached to N-1 of the cyclopiamide skeleton. Thus, the structure of 1 was determined as shown, and gave the
trivial name of aspergilline K.

Aspergilline L (2) was also obtained as orange gum with a molecular formula C19H16N2O4, according to the ion peak
of m/z 359.1002 ([M + Na]+) in the HR-ESI-MS. The 1H NMR, 13C NMR, UV, and IR spectra of 2 were highly similar to those
of 1. The chemical shift differences resulted from the disappearance of an N-ethyl group and appearance of a  N-3-oxobutana
moiety (C-18–C-21, H2-19, and H3-21) in 2. The existence of an N-3-oxobutana moiety was also supported by HMBC
correlations from H2-19 to C-18, C-20, from H3-21 to C-19, C-20. In addition, the absence of N-1 proton, and the observation
of the HMBC correlations from N-6 proton to C-5, C-14 also supported the N-3-oxobutana moiety attached to N-1 of the
cyclopiamide skeleton. The structure of 2 was therefore defined.

As certain CPA-type indole alkaloids from fungus  A. versicolor exhibit potential anti-TMV activity [9], compounds
1 and 2 were tested for their anti-TMV activities. The anti-TMV activities were tested with the half-leaf method, using
ningnanmycin (C16H25N7O8, CAS#: 156410-09-2, a commercial new cytosine nucleoside peptide antibiotic for plant viral
diseases in China, with an inhibition rate of 33.0%) as a positive control [21, 22]. The results showed that compounds 1 and 2
demonstrated potential anti-TMV activity, with inhibition rates within the range 29.2 to 30.1%.

EXPERIMENTAL

General. UV spectra were obtained using a Shimadzu UV-1900 spectrophotometer. A Bio-Rad FTS185
spectrophotometer was used for scanning IR spectra. 1D and 2D NMR spectroscopic data were recorded on a DRX-500 NMR
spectrometer with TMS as internal standard. ESI-MS and HR-ESI-MS analyses were measured on an Agilent 1290
UPLC/6540 Q-TOF mass spectrometer. Semipreparative HPLC was performed on an Agilent 1260 preparative liquid
chromatograph with Zorbax PrepHT GF (2.12 mm × 25 cm) or Venusil MP C18 (2.0 mm × 25 cm) columns. Column
chromatography was performed using silica gel (200–300 mesh, Qingdao Marine Chemical, Inc., Qingdao, China), LiChroprep
RP-18 gel (40–63 μm, Merck, Darmstadt, Germany), Sephadex LH-20 (Sigma-Aldrich, Inc, USA), or MCI gel (75–150 μm,
Mitsubishi Chemical Corporation, Tokyo, Japan). Column fractions were monitored by TLC visualized by spraying with 5%
H2SO4 in ethanol and heating.

Fungus Material. The culture of Aspergillus versicolor was isolated from the root Nicotiana tabacum (tobacco),
collected from Jiangchuan County, Yuxi City, People′s Republic of China, in 2016. The strain was identified by one of authors
(Gang Du) based on the analysis of the ITS sequence. It was cultivated at room temperature for 7 days on potato dextrose agar
at 28°C. Agar plugs were inoculated into 250 mL Erlenmeyer asks each containing 100 mL potato dextrose broth and cultured
at 28°C on a rotary shaker at 180 rpm for 5 days. Large-scale fermentation was carried out in 100 Fernbach asks (500 mL),
each containing 100 g of rice and 120 mL of distilled H2O. Each flask was inoculated with 5.0 mL of cultured broth and
incubated at 25°C for 45 days.
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Fig. 1. Key HMBC correlations of 1.
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Extraction and Isolation. The fermentation products were extracted four times with 70% aqueous Me2CO (4 × 10 L)
at room temperature and filtered. The filtrate was concentrated to a small volume under reduced pressure until Me2CO free,
and extracted with an equal volume of EtOAc three times to obtain an EtOAc extract of mycelia. The EtOAc extracts were
combined and concentrated to dryness under reduced pressure to give 45.2 g of crude product. The crude extract was applied
to silica gel (200–300 mesh) column chromatography, eluting with a CHCl3–MeOH gradient system (20:1, 8:2, 7:3, 6:4, 5:5),
to give five fractions A–E. The further separation of fraction B (8:2, 21.6 g) by silica gel column chromatography, eluted with
CHCl3–Me2CO (9:1, 8:2, 7:3, 6:4, 1:1), yielded subfractions B1–B5. Subfraction B1 (9:1, 1.86 g) was subjected to preparative
HPLC (65% MeOH, flow rate 20 mL/min) to give 1 (12.2 mg), 2 (14.5 mg), and 4 (13.8 mg). Subfraction B2 (8:2, 6.38 g) was
subjected to preparative HPLC (55% MeOH, flow rate 12 mL/min) to give 3 (15.2 mg), 5 (16.3 mg), and 6 (10.6 mg).

Anti-TMV Assays. The anti-TMV activities were tested using the half-leaf method [21, 22], and ningnanmycin
(2% water solution), a commercial product for plant disease in China, was used as a positive control. The virus was inhibited
by mixing with the solution of tested compounds (20 μM in DMSO). After 30 min, the mixture was inoculated on the left side
of the leaves of N. glutinous, whereas the right side of the leaves was inoculated with the mixture of DMSO solution and the
virus as a control. The local lesion numbers were recorded 3–4 days after inoculation. Three repetitions were conducted for
each compound. The inhibition rates were calculated according to the formula:

Inhibition rate (%) = [(C – T)/C] × 100%,
where C is the average number of local lesions of the control and T is the average number of local lesions of the treatment.
Ningnanmycin (20 μM in DMSO), a commercial virucide for plant disease in China, was used as a positive control.

Aspergilline K (1). C17H16N2O2, obtained as a pale-yellow gum. UV (MeOH, λmax, nm) (log ε): 215 (4.48), 264
(4.26), 320 (2.92), 354 (3.38), 398 (3.12). IR (KBr, νmax, cm–1): 3189, 1692, 1640, 1482, 1367, 1180, 1142, 778. For 1H and
13C NMR data (500 and 125 MHz, CDCl3), see Table 1. ESI-MS m/z 303 [M + Na]+; HR-ESI-MS m/z 303.1115 [M + Na]+

(calcd for C17H16N2NaO2, 303.1109).
Aspergilline L (2). C19H16N2O4, obtained as a pale-yellow gum. UV (MeOH, λmax, nm) (log ε): 215 (4.42), 268

(4.29), 359 (3.42), 400 (3.26). IR (KBr, νmax, cm–1): 3240, 2924, 1715, 1702, 1642, 1485, 1323, 1180, 1084, 1035, 785. For
1H and 13C NMR data (500 and 125 MHz, CDCl3), see Table 1. ESI-MS m/z 359 [M + Na]+; HR-ESI-MS m/z 359.1002
[M + Na]+ (calcd for C19H16N2NaO4, 359.1008).
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