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Abstract

In the present study, nine compounds (1-9) were isolated from Talaromyces wortmannii 
LGT-4 (an endophytic fungus from Tripterygium wilfordi) which was cultured in CYM 
Medium. Their structures were determined as 4-hydroxyphthalide (1), Fumitremorgin C (2), 
Ergosterol (3), 3-(2-hydroxypropyl)-8-hydroxy-3,4- dihydroisocoumarin (4), Cis-cyclo(L-Ala-
L-Pro) (5), 6-Amino-3-(4-hydroxybenzyl)- 1,4-diazonane-2,5-dione (6), Aspergillumarin B 
(7), Deacetylisowortmin B (8), and Entonaemin A (9) based on NMR spectral data, as well as 
comparing with previous literature data. This is the first report of the isolation of compounds 1-2 
and 4-7 from Talaromyces genus. All compounds were tested for their monoamine oxidase and 
phosphoinositide 3-kinase (PI3Kα) inhibitory activities. Compound 1, 5 showed moderate anti-
monoamine oxidase activity with IC50 value of 35 μg/mL, 28 μg/mL, respectively. Compound 9 
showed PI3Kα inhibitory activity with IC50 value of 10.3 μg/mL.

Keywords: Endophytic fungus; Monoamine oxidase inhibitors; Chemical composition; 
Talaromyces wortmannii; Tripterygium wilfordi. 

Introduction

Endophytes are microbes that colonise the 
internal tissues of plants without causing any 
overt negative effects immediately (1). They are 
proved to be a new source for natural compounds 
which have unique structure and wide range 
of biological activities, such as antitumor, 
antimicrobial, and antituberculosis (2). 

During our research on endophytic fungi 
living in Tripterygium wilfordii, we isolated 
an endophytic fungi Talaromyces wortmannii 
LGT-4 (GenBank Accession No KF850714). 
In the past studies on this fungus, we have 

obtained a series of novel furanosteroid 
including secovironolide (3), wortmannines 
A-D (4), deacetylisowortmina A and B (5), 
wortmannolol (6), and wortmannine E (7) 
by changing culture mediums. Our further 
analysis work indicated that the altered 
fermentation media can really change its 
chemical profiles. In this paper, we reported 
another nine compounds (1-9) (Figure 1), 
which was obtained from the organic extract 
of CYM culture medium. All compounds were 
evaluated for their monoamine oxidase and 
phosphoinositide 3-kinase (PI3Kα) inhibitory 
activities. 

http://www.baidu.com/link?url=L17LF6WHsiEHAEWyGJ38ySJRGfY5bn_4Jc9kb1vtXbJKQuw3jzCK_dc3iNsogFway_XgqkkJZKHeE6B4SbcHmDlPSvlD0dgFaI0Ba39olIswYPHrv7MEFByCdWbA8t5L
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Figure 1. The structures of compounds 1-9.

Experimental

Chemicals and Instrumentation: NMR 
spectra were obtained on a Bruker Avance-3 
spectrometer at 600MHz. HPLC purification 
was performed using a Waters HPLC apparatus 
with two 510 pumps, one 2487 dual λ absorbance 
detector and a Phenomenex Gemini C18 
column (10.0 mm × 250 mm, i.d., 5 μm). Silica 
gel (200-400 mesh) was from Qingdao Marine 
Chemical Co., Ltd. China. Macroporous resins 
(HPD-100) was purchased from Zhengzhou 
Qinshi Technology Co., Ltd., China. 

Fungus Material: Talaromyces wortmannii 
(T. wortmannii) LGT-4 (GenBank accession 
No. KF850714) was isolated from the healthy 
tissue of Tripterygium wilfordi (T. wilfordi) 
and identified as T. wortmannii based on both 
morphology on PDA and analysis of the DNA 
sequences of the ITS1-5.8S-ITS2 ribosomal 
RNA gene region. A GenBank search for DNA 
sequence similarity revealed that ITS1-5.8S-
ITS2 of Lgt-4 was 99% homologous to that of 
T. wortmannii reference strains (GenBank No. 
FR667650).

Extraction and Isolation: The fungus LGT-
4 was cultured in CYM liquid medium (for 
1 L medium: including 12.0 g maltose, 2.0 g 

peptone, 2 g yeast extract, 0.244 g MgSO4, 
0.460 g KH2PO4 and 1 L water) for 20d at 28 
°C on a 50 L fermenter.

The fermentation broth was filtered, and then 
the filtrate was extracted with ethyl acetate twice. 
The ethyl acetate extract (5.0 g) was subjected 
to macroporous resin CC (eluting with 20, 40, 
60, 80, and 100% EtOH) to yield five fractions 
(Fr. 1–5). Fr. 1 (1.1 g) was further separated 
by silica gel CC (CHCl3–MeOH, 50:1-1:1) 
to yield compound 1 (2 mg) and six fractions 
(Fr. 1.1–1.5). Fr. 1.1 was further purified by 
semipreparative HPLC (MeOH–H2O, 45:55, 
1.5 mL/min, 254 nm) to yield compound 2 (tR 
= 21 min, 3 mg) and compound 4 (tR = 45 min, 
2 mg). Fr. 1.4 was purified by semipreparative 
HPLC (MeOH–H2O, 70:30, 1.1 mL/min, 254 
nm) to yield compound 5 (tR = 15 min, 2 mg) and 
compound 6 (tR = 45 min, 2 mg). Fr. 2 (650 mg) 
was separated by silica gel CC (CHCl3–MeOH, 
60:1-5:1) to yield compound 7 (2 mg). Fr. 3 (350 
mg) was separated by silica gel CC (Petroleum 
ether–acetone, 30:1-5:1) to yield compound 8 (2 
mg) and 9 (10 mg). Fr. 4 (440 mg) was separated 
by silica gel CC (Petroleum ether–acetone, 20:1) 
to yield compound 3 (2 mg).

Anti-MAO Bioassay: The procedure of 
testing MAO inhibiting activity was same 

http://www.baidu.com/link?url=3jzCpp1ncGtslRVrRBJ4aj2JPtE1x14HBDk7sBNr-T6xd9byiHE9YHjSjra7FhwbIA0V6LNQUbGF2Q0pgog9cwqiRrAdPUBYijRza7Mgy7e
http://www.baidu.com/link?url=WoaIPEsN6yV_LM0wnsnt_PAx1Vwe9_vto7YyOOX5JQvh9G1BkkM_Aq_NrkCWThhSLyrFVUCYIQd65Gh-1YKFzo-msWLTHwj2mHfBT4LmJvi
http://www.baidu.com/link?url=FMYOvxpI5q3OG9WsFCNrDNdnX1eErXw8JHu97j9mtBDe7OfELR4GFWiKcXLvT_e64_LoO8ehw8RG_L0IdSn7yVJCF94iRhA5PT6HbZz-6TC
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with that reported in our previous paper (8).
PI3Kα Biochemical Assay: The procedure 

of testing PI3Kα inhibiting activity was the 
same with that reported in literature (9).

Results and Discussion

This study focused on the compounds 
isolated from Talaromyces wortmannii LGT-
4 (an endophytic fungus from Tripterygium 
wilfordi) which was cultured in CYM medium 
and evaluated biological activities. Nine 
compounds (1-9, Figure 1) were isolated. 
This is the first report of the isolation of 
compounds 1-2 and 4-7 from Talaromyces 
genus. Compound 1, 5 showed moderate anti-
monoamine oxidase activity with IC50 values of 
35 μg/mL, 28 μg/mL, respectively. Compound 
9 showed PI3Kα inhibitory activity with IC50 
value of 10.3 μg/mL. 

Structure elucidation of the isolated 
compounds:

4-hydroxyphthalide (1): 1 was obtained 
as a colorless needle. 1H-NMR of 1 showed 
1, 2, 3- trisubstituted benzene ring signals 
(7.43 (1H, t, J = 7.9 Hz), 7.33 (1H, d, J = 7.9 
Hz), 7.17 (1H, d, J = 7.9)). NMR of 1 also 
indicated that 1 had a OCH2 moiety (δH 5.30 
(2H, s); δC 67.8) and ester carbonyl (δC 170.6). 
NMR data of 1 was consistent with those of 
4-hydroxyphthalide (10).

1H-NMR (600 MHz, CD3COCD3, δ, ppm, 
J/Hz): 7.43 (1H, t, J = 7.9 Hz, H-6), 7.33 (1H, 
d, J = 7.9 Hz, H-5), 7.17 (1H, d, J = 7.9 Hz, 
H-7), 5.30 (2H, s, H-9). 13C-NMR (150 MHz, 
CD3COCD3): 170.6 (C-2), 152.3 (C-3), 130.6 
(C-5), 119.8 (C-6), 127.5 (C-7), 133.4 (C-8), 
67.8 (C-9).

Fumitremorgin C (2): 2 was obtained as a 
white amorphous powder. NMR of 2 showed 
1, 2,4- trisubstituted benzene ring signals (δH 
7.43 (1H, d, J = 8.0), 6.86 (1H, s, H-19), 6.80 
(1H, d, J = 8.0), a methoxyl signal (δH 3.83 
(3H, s)), two amide carbonyl signals (δC 169.5, 
165.7) and two methyl signals (δH 1.99 (3H, 
s), 1.68 (3H, s). NMR data of 2 was consistent 
with those of fumitremorgin C (11).

1H-NMR (400 MHz, CDCl3, δ, ppm, J/Hz): 
7.81 (1H, s, H-1), 7.43 (1H, d, J = 8.0, H-16), 
6.86 (1H, s, H-19), 6.80 (1H, d, J = 8.0, H-17), 
5.98 (1H, d, J = 9.2, H-3), 4.90 (1H, d, J = 9. 
2, H-21), 4.18 (1H, dd, J = 11.6, 4.8, H-12), 

4.11 (1H, t, J = 8.0, H-6), 3.83 (3H, s, OMe), 
3.64 (2H, m, H-9), 3.50 (1H, dd, J = 16.0, 4.8, 
H-13a), 3.09 (1H, dd, J = 16.0, 11.6, H-13b), 
2.38 (1H, m, H-7a), 2.25 (1H, m, H-7b), 2.06 
(1H, m, H-8a), 1.99 (3H, s, H-24), 1.89 (1H, 
m, H-8b), 1.68 (3H, s, H-23); 13C-NMR (100 
MHz, CDCl3): 169.5 (C-5), 165.7 (C-11), 
156.6 (C-18), 137.0 (C-20), 133.9 (C-22), 
132.2 (C-2), 124.2 (C-21), 120.7 (C-15), 118.8 
(C-16), 109.5 (C-17), 106.3 (C-14), 95.3 (C-
19), 59.2 (C-6), 56.8 (C-12), 55.7 (OMe), 51.0 
(C-3), 45.4 (C-9), 28.6 (C-7), 25.7 (C-23), 
23.0 (C-8), 21.9 (C-13), 18.1 (C-24).

Ergosterol (3): 3 was obtained as a colorless 
crystal. NMR of 3 showed six diagnostic 
steroid methyl signals (0.64 (3H, s), 0.80 
(3H, d, J = 6.0), 0.83 (3H, d, J = 6.8 Hz), 0.90 
(3H, d, J = 6.8 Hz), 0.94 (3H, s), 1.01 (3H, 
d, J = 6.8 Hz)), three double bond signals (δC 
139.8, 119.6, 116.3, 141.3, 135.5, 132.0) and 
a oxygenated methine signal (δH 3.64 (1H, m, 
H-3); δC70.4). NMR data of 3 was consistent 
with those of ergosterol (12).

1H-NMR (400 MHz, CDCl3 , δ, ppm, J/
Hz): 0.64(3H, s, H-18), 0.80 (3H, d, J = 6.0, 
H-26), 0.83 (3H, d, J = 6.8 Hz, H-27), 0.90 
(3H, d, J = 6.8 Hz, H-21), 0.94 (3H, s, H-19), 
1.01(3H, d, J = 6.8 Hz, H-4), 3.64 (1H, m, 
H-3), 5.15 (1H, m, H-22), 5.19 (1H, m, , 
H-23), 5.37 (1H,dd, J = 6.0, H-7), 5.56 (1H, 
d, J = 6.0, H-6); 13C-NMR (150 MHz, CDCl3): 
38.3 (C-1), 32 .1 (C-2), 70.4 (C-3), 40.8 (C-4), 
139.8 (C-5), 119.6 (C-6), 116.3 (C-7), 141.3 
(C-8), 46.2 (C-9), 37.0 (C-10), 21.1 (C-11), 
39.1(C-12), 42.7 (C-13), 54.5 (C-14), 23.0 
(C-15), 28.2 (C-16), 55.7 (C-17), 12.0 (C-18), 
16.3 (C-19), 40.4 (C-20), 21.1 (C- 21), 135.5 
(C- 22), 132.0 (C- 23), 40.8 (C-24), 33.1 (C- 
25), 19.9 (C-26), 19.6 (C-27), 17.6 (C-28).

3- (2-hydroxypropyl) -8-hydroxy-3 , 
4-dihydroisocoumarin (4): 4 was obtained 
as a white amorphous powder. NMR of 4 
showed isocoumarin signals (δH 6.69 (1H, d, 
J = 7.4 Hz), 7. 41 (1H, t, J = 7.1 Hz), 6.89 
(1H, d, J = 7.4 Hz)) and two oxygenated 
methine signal (δH 4.63 (1H, m), 3.74 (1H, 
m)). NMR data of 4 was consistent with 
those of 3-(2-hydroxypropyl)-8-hydroxy-3, 
4-dihydroisocoumarin (13). 

 ESI-MS m/z 245.3 [M+Na]+. 1H-NMR (600 
MHz, CDCl3, δ, ppm, J/Hz): 4.63 (1H, m, H-3), 
2.95 (2H, m, H-4), 6.69 (1H, d, J = 7.4Hz, H-5), 
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7. 41 (1H, t, J = 7.1 Hz, H-6), 6.89 (1H, d, J = 
7.4 Hz, H-7), 10.99 (1H, s, 8-OH), 1.90 (1H, m, 
H-9a), 1.77 (1H, m, H-9b), 3.74 (1H, m, H-12), 
1.26 (3H, d, J = 6.5 Hz, H-13); 13C-NMR (150 
MHz, CDCl3): 169.9 (C-1), 62.4 (C-3), 33.2 (C-
4), 118.1 (C-5), 136.3 (C-6), 116.4 (C-7), 162.3 
(C-8), 108.6 (C-9), 139.5 (C-10), 79.6 (C-12), 
28.9 (C-13).

Cis-cyclo(L-Ala-L-Pro) (5): 5 was obtained 
as a white amorphous powder. NMR of 5 
indicated that 5 had a methyl (1.47 (3H, d, J 
= 6.8 Hz)) and a diketopiperazine unit (δH 4.13 
(2H, m); δC 166.4, 51.3, 170.4, 59.4). NMR 
data of 5 was consistent with those of cis-
cyclo(L-Ala-L-Pro) (14).

1H-NMR (600 MHz, CDCl3, δ, ppm, J/Hz): 
4.13 (2H, m, H-3, 6), 1.91 (1H, m, H-7a), 2.35 
(1H, m, H-7b), 2.02 (1H, m, H-8a), 2.12 (1H, 
m, H-8b), 3.60 (2H, m, H- 9), 1.47 (3H, d, J 
=6.8Hz, H-10), 6.27 (1H, s, N-H); 13C-NMR 
(150 MHz, CDCl3): 166.4 (C-2), 51.3 (C-3), 
170.4 (C-5), 59.4 (C-6), 28.3 (C-7), 22.9 (C-
8), 45.6 (C-9), 16.2 (C-10).

6 - A m i n o - 3 - ( 4 - h y d r o x y b e n z y l ) - 1 , 
4-diazonane-2, 5-dione (6): 6 was obtained as 
a colorless needle. NMR of 6 indicated that 6 
had a 1, 4- disubstituted phenyl ring (7.04 (2H, 
d, J = 8.0 Hz), 6.70 (2H, d, J = 8.0 Hz)) and a 
diketopiperazine unit (δH 4.35 (1H, t, J = 4.1 
Hz), 4.04 (1H, dd, J = 6.2, 10.6 Hz); δC 166.9, 
57.9, 170.7, 60.1). NMR data of 6 was consistent 
with those of 6-amino-3-(4-hydroxybenzyl)-1, 
4- diazonane-2, 5-dione (15).

1H-NMR (600 MHz, CD3OD, δ, ppm, J/
Hz): 4.35 (1H, t, J = 4.1Hz, H-3), 4.04 (1H, 
dd, J = 6.2, 10.6 Hz, H-6), 2.08 (1H, m, H-7a), 
1.20 (1H, m, H-7b), 1.79 (2H, m, H-8), 3.54 
(1H, dt, J = 8.3, 11.9 Hz, H-9a), 3.35 (1H, dt, 
J = 6.9, 11.9 Hz, H-9b), 7.04 (2H, d, J = 8.0 
Hz, H-2’, 6’), 6.70 (2H, d, J = 8.0 Hz, H-3’, 5’), 
3.08 (1H, dd, J = 5.0, 14.0 Hz, H-7’a), 3.01 
(1H, dd, J = 4.6, 14.0 Hz, H-7’b); 13C-NMR 
(150 MHz, CD3OD): 166.9 (C-2), 57.9 (C-3), 
170.7 (C-5), 60.1 (C-6), 29.9 (C-7), 22.4 (C-
8), 46.1 (C-9), 127.6 (C-1’), 132.1 (C-2’, 6’), 
116.1 (C-3’, 5’), 157.7 (C-4’), 37.7 (C-7’).

Aspergillumarin B (7): 7 was obtained 
as a colorless needle. 1H-NMR of 7 showed 
isocoumarin signals (6.69 (1H, d, J = 7.4 Hz), 
7. 41 (1H, t, J = 7. 7 Hz), 6.89 (1H, d, J = 8.4 
Hz)), two oxygenated methine signal (δH 4.58 
(1H, m), 3.84 (1H, m) and a methyl signal (1.21 

(3H, d, J = 6.1 Hz)). 1H-NMR data of 7 was 
consistent with those of aspergillumarin B (16).

ESI-MS m/z 273.4 [M+Na]+, 274.3 
[M+Na+H]+. 1H-NMR (600 MHz, CDCl3, 
δ, ppm, J/Hz): 4.58 (1H, m, H-3), 2.95 (2H, 
m, H-4), 6.69 (1H, d, J = 7.4 Hz, H-5), 7. 41 
(1H, t, J = 7. 7 Hz, H-6), 6.89 (1H, d, J = 8.4 
Hz, H-7), 11.00 (1H, s, 8-OH), 1.90 (1H, m, 
H-1’a), 1.77 (1H, m, H-1’b), 1.61 (2H, m, 
H-2’), 1.51 (2H, m, H-3’), 3.84 (1H, m, H-4’), 
1.21 (3H, d, J = 6.1 Hz, H-5’).

Deacetylisowortmin B (8): 8 was obtained 
as a white amorphous powder. 1H-NMR of 8 
indicated 8 had a 1, 2, 4, 6- tetrasubstituted 
phenyl ring (6.30 (1H, d, J = 2.4 Hz), 6.27 
(1H, d, J = 2.7 Hz)), a methoxyl (3.78 (3H, s)), 
a methyl linked at the benzene ring (2.49 (3H, 
s)), an acetyl (2.07 (3H, s)) and a propenyl 
(5.54 (1H, dd, J = 15.4, 5.0 Hz), 5.81 (1H, dq, 
J = 15.4, 6.5 Hz), 1.74 (3H, d, J = 6.5 Hz)). 
1H-NMR data of 8 was consistent with those 
of deacetylisowortmin B (4).

ESI-MS m/z 467.2 [M+Na]+. 1H-NMR 
(600 MHz, CDCl3, δ, ppm, J/Hz): 4.32 (1H, d, 
J = 16.7, H-1α), 4.59 (1H, d, J = 16.2, H-1β), 
4.08 (1H, ddd, J = 10.1, 5.4, 5.0 Hz, H-3), 2.23 
(1H, dd, J = 19.1, 5.4 Hz, H-4α), 2.35 (1H, dd, 
J = 18.4, 9.4 Hz, H-4β), 2.71 (1H, dd, J = 17.6, 
6.1 Hz, H-5α), 2.57 (1H, m, H-5β), 6.20 (1H, 
dd, J = 10.5, 6.2 Hz, H-6), 5.54 (1H, dd, J = 
15.4, 5.0 Hz, H-9), 5.81 (1H, dq, J = 15.4, 6.5 
Hz, H-10), 1.74 (3H, d, J = 6.5 Hz, H-11), 1.56 
(3H, s, H-12), 2.07 (3H, s, H-2’’), 6.30 (1H, 
d, J = 2.4 Hz, H-3’), 6.27 (1H, d, J = 2.7 Hz, 
H-5’), 2.49 (3H, s, H-8’), 3.78 (3H, s, -OMe), 
11.09 (1H, s, 2’-OH).

Entonaemin A (9): 9 was obtained as a 
yellow oil. 1H-NMR of 9 was similar with that 
of 8. In the 1H-NMR spectrum of 9, there are 
no methoxyl and acetyl signals, comparing 
with those of 8. A oxygenated methylene signal 
(4.22 (2H, brd, J = 5.0 Hz)) of 9 replaced the 
double bond methyl signal of 8 (1.74 (3H, d, J 
= 6.5 Hz)), which showed that 9 had a propenol 
instead of propenyl unit. NMR data of 9 was 
consistent with those of entonaemin A (17).

1H-NMR (600 MHz, CD3OD, δ, ppm, J/
Hz): 5.01 (1H, d, J = 11.0 Hz, H-1a), 4.80 (1H, 
d, J = 11.0 Hz, H-1b), 5.53 (1H, s, H-4), 3.09 
(1H, brd, J = 19.2 Hz, H-5a), 2.80 (1H, brd, 
J = 19.2 Hz, H-5b), 5.60 (1H, t, J = 3.2 Hz, 
H-6), 6.22 (1H, dt, J = 15.6, 1.6 Hz, H-10), 
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6.55 (1H, dt, J = 15.6, 5.0 Hz, H-11), 4.22 (2H, 
brd, J = 5.0 Hz, H-12), 1.44 (3H, s, H-9), 6.13 
(2H, s, H-3’, 5’), 2.26 (3H, s, H-8’); 13C-NMR 
(150 MHz, CD3OD): 64.7 (C-1), 161.5 (C-3), 
105.7 (C-4), 149.2 (C-4a), 32.9 (C-5), 78.3 (C-
6), 75.5 (C-7), 197.0 (C-8), 115.5 (C-8a), 23.6 
(C-9), 123.2 (C-10), 138.4 (C-11), 62.6 (C-
12), 105.7 (C-1’), 166.3 (C-2’), 101.7 (C-3’), 
164.0 (C-4’), 112.6 (C-5’), 144.9 (C-6’), 172.1 
(C-7’), 24.5 (C-8’).
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