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Chemical Constituents Produced by Fusarium sp.
S13 Isolated from Pleioblastus amarus
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Abstract:8 compounds were isolateded from the fermented broth extract of the endophytic fungus Fusarium sp. S13 in-
hibited in the Pleioblastus amarus. Their structures were identified as cerevisterol (1), (22E,24S) -24-methyl-5a-chol-
esta-7,22-diene-38,5a,68,9a-tetraol (2) ,ergosterol peroxide (3),38,5a,9a-trihydroxy-68-methoxyergosta-7,22-dien
(4) ,ergosta-7,22-dien-68-methoxy-38,5a-diol (5) ,ergosta-4,6,8 (14) ,22-tetraen-3-one (6) ,25-hydroxy-ergosta-4,
6,8 (14) ,22-tetraen-3-one (7) ,and ergosta-7,22-dien-38,68-diol (8). The 8 steroids were found to exert some toxic

effects on brine shrimp larvae.
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Endophytic fungi are microorganisms that live in the in-
ter- and intracellular spaces of the tissues of apparently
healthy host plants and do so in a variety of relation-
ships, ranging from symbiotic to pathogenic. Recently
statistical analysis showed that 51% of the biologically
active metabolites obtained from endophytes are previ-
ously unknown, compared with only 38% of novel sub-
stances from soil microflora. Endophytes have been rec-
ognized as important sources of a variety of structurally
novel active secondary metabolites with anticancer, an-

timicrobial and other biological activities'''. As a re-
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sult, the study of fungal endophytes is currently consid-
ered a reasonable approach to the discovery of novel,
bioactive natural products /.

Pleioblastus amarus Keng f. ( Gramineae) occurs wide-
ly in south China. The shoots of the plant are used in
Chinese herbal medicine as antipyretic and diuretic a-
gent. Previous chemical work on the plant resulted in
the isolation of several flavonoids and other compounds
from the plant ***/. However, little is known about sec-
ondary metabolites of endophytes harbored inside the
healthy tissues of P. amarus. In the course of our ongo-
ing program devoted to the search for biologically active
metabolites from microorganisms inhabiting the plants,
we investigated the chemical constituents produced by
an endophytic fungus Fusarium sp. S13 found inside

P. amarus.
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Materials and Methods

Instruments

IR spectra;Perkin - Elmer 1600 Series FT-IR ; Perkin
- Elmer 297 Infrared Spectrophotometer; Beckman
DU-640 ; Shimadzu FT-IR ( KBr tablets and film). UV/
Vis spectra:Perkin - Elmer-Lambda 15 UV/Vis spec-
trometer. Optical rotation: Polarimeter ( Perkin-Elmer,
model 241).'"H NMR spectra: Varian Inova 500 (499. 8
MHz)."” C NMR spectra; Varian Inova 500 ( 125.7
MHz) . Chemical shifts were measured relatively to tet-
ramethylsilane ( TMS) as internal standard. 2D NMR
spectra: H,H COSY spectra ('H,'H Correlated Spec-
troscopy ), HMBC spectra ( Heteronuclear Multiple
Bond Connectivity ) , HSQC spectra ( Heteronuclear
Multiple Quantum Coherence ) and NOESY spectra
(Nuclear Overhauser Effect Spectroscopy ). Mass spec-
tra; EIMS at 70 eV with Varian MAT 731, Varian
311A,AMD-402, high resolution with perflurokerosene
as standard. ESIMS with Quattro Triple Quadruple mass
spectrometer Finnigan Mat-Incos 50, ESIMS LCQ
( Finnigan , Germany ) .

Silica gel (Merck) 60-120 mesh for columnchromatog-
raphy and pre-coated TLC sheets (layer thickness 0.2
mm) and preparative TLC plate (layer thickness 1.25
mm) of silica gel 60 GF,,were used. Spots were detec-
ted on TLC under UV light or by heating after spraying
with 5% H,S0, in methanol.

Fungal material

The endophytic fungal strain was isolated from the fresh
leaves of the tree P. amarus growing in the campus of
Zhejiang A&F University, Linan, Zhejiang province,
China. The isolate was identified as Fusarium sp. S13
by morphological analysis and was deposited at the Re-
search Centre for Natural Medicinal Chemistry, Zhe-
jlang A&F University.

Cultivation

After growing on PDA medium at 28 °C for 5 days, the
fungus was inoculated in liquid medium containing;
CaCl, 0.5 ¢,KH,PO, 0.1 g,KCI 0. 05 g, MgSO, -

7H,0 0.1 g,glucose 20.0 g, peptone 15.0 g,1000 mL
H,0. The pH was adjusted to 6.0 before autoclaving.

Fermentation was carried out in 1000 mL flasks each

containing 200 mL. medium on a rotary shaker at 150
rpm at 28°C for 5 days.

Extraction and Isolation

The culture broth (20 L) of Fusarium sp. S13 was fil-
tered to give the mycelium and water phase. The cul-
ture filtrate was absorbed onto polymeric resin Amber-
lite XAD-16 ( Rohm & Hass, Paris, France ). Salt and
high molecular materials were washed out with water,
and other absorbed organic materials were eluted with
MeOH to yield 8.3 g of dried extract after removing the
solvent in vacuum. The dried extract was extracted with
petroleum and EtOAC. The EtOAC extract (4.2 g)
was fractionated on a silica gel column, followed by
separation on Sephadex LH-20 ( CH,Cl,/MeOH = 6.
4 and MeOH) ,normal and reverse phase column chro-
matography and preparative TLC to afford compounds 1
(10.1 mg) ,2(6.2 mg),3(7.5 mg),4(6.9 mg) ,5
(8.7 mg),6(7.7 mg),7(8.0 mg) ,and 8(6.7 mg).
Brine shrimp bioassay

The brine shrimp toxicity was assayed by small modi-
fied microtiter-plate method using brine shrimp Artemia
salina as a test organism "' Briefly , approximately 30
nuclei larvae hatched from eggs of A. salina in 0.2 mL
of artificial sea water were incubated with a sample (5
ml in DMSO solution) in a deep-well microtiter plate at
room temperature. After 24 h,the dead larvae were de-
termined by counting the number of the dead animals
in each well under microscope. To each test row,blind
sample was accompanied by adding DMSO. The mortal-
ity rate was calculated using the formula:M = [ ( A-B-
N)/(G-N) ] x100.

M = percent of the dead larvae after 24 h; A = num-
ber of the dead larvae after 24 h;B = average number
of the dead larvae in the blind samples after 24 h;N =
number of the dead larvae before starting the test;G =

number of selected larvae for test.

Results and Discussion

Identification

Compound 1 Colorless needle crystal. 'H NMR
(CDCl,,500MHz) §:4.07 (m,1H,H-3),3.62 (d,J
=4.8 Hz,1H,H-6),5.35 (dd,J =4.8,2.4Hz,1H,
H-7),0.59 (s,3H,H-18),1.09 (s,3H,H-19),1.03
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(d,J=6.7 Hz,3H,H-21) ,5.16 (dd,J=15.4,8.0
Hz,1H,H-22),5.23 (dd,J=15.4,8.0 Hz,1H, H-
23),0.82 (d,J=6.2 Hz,3H,H-26),0.84 (d,J =
6.9 Hz,3H,H-27),0.92 (d,J =6.6 Hz,3H, H-
28);”C NMR (CDCl,, 125 MHz) §:32.8 (C-1),
30.4 (C-2),67.2 (C-3),39.3 (C4),75.9 (C5),
73.1 (C-6),117.3 (C-7),143.2 (C-8),43.2 (C-
9),37.0 (C-10),22.0 (C-11),38.9 (C-12),43.6
(C-13),54.7 (C-14),22.9 (C-15),28.0 (C-16),
55.9 (C-17),12.3 (C-18),18.4 (C-19),40.4 (C-
20),19.6 (C-21),131.9 (C-22),135.3 (C-23),
42.8 (C-24),33.1 (C25),19.9 (C-26),21.1 (C-
27),17.6 (C-28). Comparing the NMR data with ref-
erences ' ,compound 1 was determined to be cerevis-
terol.

Compound 2 Colorless needle crystal. 'H NMR
( pyridine-d; ,500 MHz) §:0. 54 (s,3H,H;-18),0.79
(d,] =6.6 Hz,3H,H-26),0.80 (d,3H,J =6.6
Hz,H-27),0.88 (d,3H,J = 6.9 Hz,H-28),0.95
(s,3H,H-19),0.97 (d,3H,J =6.6 Hz, H-21),
3.56 (m,lH,H-6),3.76 (m,1H,H-3),5.12 (dd,J
=5.7,2.2 Hz,1H,H-7),5. 17 (dd,J = 15.4,7.7
Hz,1H,H-22),5.23 (dd,/J = 15.4,7.7 Hz,1H H-
7),6.80 (t,J =7.1 Hz,1H,H-23);”C NMR ( pyri-
dine-d5,125 MHz) :5 29.1 (C-1),32.5 (C-2),67.4
(C-3),42.0 (C4),75.1 (C5),73.8 (C-6),121.4
(C-7),142.8 (C-8),78.7 (C9),41.3 (C-10),
29.1 (C-11),36.0 (C-12),44.1 (C-13),51.4 (C-
14),23.6 (C-15),28.3 (C-16),56.1 (C-17),12. 1
(C-18),22.5 (C-19),40.8 (C-20),21.4 (C-21),
136.4 (C-22),132.2 (C-23),43.3 (C-24),35.5
(C-25),19.9 (C-26),20.4 (C-27),18.3 (C-28).
Compound 2 was identified as (22E,24S) -24-methyl-
Sa-cholesta-7,22-diene-38,5a,68,9a-tetraol by com-
paring the NMR data with reference *.

Compound 3 Colorless needle crystal. 'H NMR
(CDCl,,500MHz) §:6.50 (d,J = 8.5 Hz,1H, H-
7),6.24 (d,J = 8.5 Hz,1H,H-6),5.22 (dd,J =
7.6,15.3 Hz,1H,H-23),5.14 (dd,J = 8.3,15.5
Hz,1H,H-22),3.92 (m,1H,H-3),1.25 (s,3H,H-
19),1.00 (d,J =6.7,3H,H-21),0.91 (d,J =6.9
Hz,3H,H-28),0.88 (s,3H,H-18),0.83 (d,J =
6.8 Hz,3H,H-26),0.82 (d,J =6.8 Hz,3H, H-

27);"” C NMR (CDCl,, 125MHz) §:34.7 (C-1),
30.1 (C-2),66.4 (C-3),36.9 (C4),82.2 (C-5),
135.4 (C-6),130.7 (C-7),79.4 (C-8),51.1 (C-
9),36.9 (C-10),23.4 (C-11),39.4 (C-12),44.6
(C-13),51.8 (C-14),20.6 (C-15),28.6 (C-16),
56.2 (C-17),12.9 (C-18),18.2 (C-19),39.4 (C-
20),20.9 (C-21),135.2 (C-22),132.3 (C-23),
42.8 (C-24),33.1 (C-25),20.0 (C-26),19.6 (C-
27),17.6 (C-28). The above spectral data were agree
with the literature valuas of ergosterol peroxide ”’.
Compound 4 Colorless solid. 'H NMR ( CDCI,, 500
MHz) §.5.40 (t,J = 2.6 Hz,1H,H-7),5.28 (dd,J
= 15.3,7.3 Hz,1H,H-23) ,5. 18 (dd,J = 15.3,
8.0 Hz,1H,H-22),4.06 (m,1H,H-3),3.17 (d,J
= 5.1 Hz,1H,H-6),1.03 (d,J = 6.5 Hz,3H,H-
21),1.00 (s,3H,H-19),0.92 (s,3H,H-28),0. 84
(d,J = 7.5 Hz,3H,H-27),0.83 (d,J = 7.5 Hz,
3H,H-26),0.60 (s,3H,H-18),3.39 (s,3H, OMe-
7);"C NMR (CDCl,,125MHz) §:32.9 (C-1),31.1
(C-2),68.0 (C-3),39.5 (C4),76.5 (C5),82.6
(C6),115.2 (C-7),143.8 (C-8),44.0 (C9),
37.4 (C-10),22.3 (C-11),39.8 (C-12),44.1 (C-
13),55.1 (C-14),23.0 (C-15),28.1 (C-16),56.2
(C-17),12.5 (C-18),18.5 (C-19),40.5 (C-20),
19.8 (C-21),132.3 (C-22),135.6 (C-23),43.0
(C-24),33.2 (C-25),20.1 (C-26),21.3 (C-27),
17.6 (C-28),58.4 (-OMe). The NMR data of com-
pound 4 were identical to the 38,5a,9a-trihydroxy-63-
methoxyergosta-7 ,22-dien'".

Compound 5 Colorless needle crystal. 'H NMR
(CDCl,,500 MHz) §:4.05 (m,1H,H-3),3.17 (d,
J=5.1Hz,lH,H-6),5.40 (m,1H,H-7),0.95 (s,
3H,H-18),1.00 (s,3H,H-19),1.02 (d,J =6.6
Hz,3H,H-21),5.17 (dd,J =15.3 Hz,7.3,1H, H-
22),5.21 (dd,J =15.3 Hz,8.0,1H, H-23),0. 82
(d,J=7.1Hz,3H,H-26),0.83 (d,/=7.4 Hz,3H,
H-27),0.91 (d,J =6.8 Hz,3H,H-28),3.39 (s,
3H,0Me-6) ;""C NMR (CDCIl, ,125MHz) §:31.0 (C-
1),32.7 (C-2),67.9 (C-3),39.8 (C4),76.4 (C-
5),82.5 (C6),115.1 (C-7),143.7 (C-8),43.9
(C9),37.3 (C-10),23.0 (C-11),39.5 (C-12),
44.0 (C-13),55.0 (C-14),22.3 (C-15),28.0 (C-
16),56.1 (C-17),12.3 (C-18),18.3 (C-19) ,40.4
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(C20),21.2 (C21),135.5 (C-22),132.1 (C-
23),43.0 (C-24),33.2 (C-25),19.6 (C-26),19.9
(C-27),17.8 (C-28),58.3 (6-0O-Me). Compound 5
was identified as ergosta-7, 22-dien-68-methoxy-383,
Sa-diol by comparison of physicochemical data and
spectral data with those in the literature 7.
Compound 6 Colorless needle crystal. ' H NMR
(CDCl,,500 MHz) §:5.72 (s,1H,H4),6.01 (d,J
=9.4 Hz,1H,H-6),6.60 (d,/=9.4 Hz,1H,H-7),
0.95 (s,3H,H-18),0.98 (s,3H,H-19),1.05 (d,J
=6.6 Hz,3H,H-21),5.21 (m,1H,H22),5.22
(m,1H,H-23),0.82 (d,J=7.0 Hz,3H, H-26),
0.84 (d,J=6.8 Hz,3H,H-27),0.92 (d, J=6.8
Hz,3H,H-28) ;" C NMR (CDCl,,125MHz) §:34. 1
(C-1),34.3 (C-2),199.2 (C-3),123.1 (C4),
164.2 (C-5),124.5 (C-6),133.9 (C-7),124.6 (C-
8),44.5 (C9),36.8 (C-10),19.0 (C-11),35.6
(C-12),44.0 (C-13),155.9 (C-14),25.3 (C-15),
27.7 (C-16),55.8 (C-17),19.0 (C-18),16.8 (C-
19),39.2 (C-20),21.2 (C-21),135.0 (C-22),
132.5 (C-23),43.0 (C-24),33.2 (C-25),20.0 (C-
26),19.8 (C-27),17.7 (C-28). These data were i-
dentical to those recorded for an authentic specimen of
ergosta-4 ,6,8(14) ,22-tetraen-3-one '’

Compound 7 Colorless needle crystal. 'H NMR
(CDCl,,500 MHz) §:5.74 (s,1H,H4),6.04 (d,J
=9.7 Hz,1H,H-6) ,6.60 (d,/=9.7 Hz,1H,H-7) ,
0.97 (s,3H,H-18),1.00 (s,3H,H-19),1.08 (d,J
=6.6 Hz,3H,H-21),5.37 (m, 1H, H22),5.37
(m,1H,H-23),1.15 (s,3H,H-26),1. 18 (s,3H,H-
27),1.01 (d,J =6.8 Hz, 3H, H28);"” C NMR
(CDCL,,125MHz) 6:34.1 (C-1),34.2 (C-2),199.5
(C-3),123.5 (C4),164.2 (C5),124.5 (C-6),
133.9 (C-7),124.5 (C-8),44.5 (C9),36.8 (C-
10),19.0 (C-11),35.6 (C-12),44.0 (C-13),
155.9 (C-14) ,25.4 (C-15),27.7 (C-16),56.1 (C-
17),19.0 (C-18),16.3 (C-19),39.26 (C-20),
21.2 (C-21),138.2 (C22),129.9 (C-23),49.0
(C-24),72.5 (C-25),27.0 (C-26),26.3 (C-27),
15.5 (C-28). The NMR data of compound 7 were i-
dentical to the 25-hydroxy-ergosta-4,6,8 (14) ,22-tet-
raen-3-one ',

Compound 8 Colorless powder. 'H NMR ( CDCI,,

500MHz) §:3.60 (m,1H,H-=3),5.18 (m,1H, H-
7),0.81(s,3H,H-18),0.84 (s,3H,H-19),0.92
(d,/ =6.8 Hz,3H,H-21),5.18 (m,1H, H22),
5.20 (dd,J=15.2,7.4 Hz,1H,H-23) ,0.82 (d,J =
6.9 Hz,3H,H-26),0.83 (d,J/=6.9 Hz,3H,H-27),
0.95 (d,J =6.8 Hz,3H,H-28) ;" C NMR (CDCI,,
125 MHz) §:28.1 (C-1),31.2 (C-2),70.9 (C-3),
37.3 (C4),70.2 (C6),121.9 (C-7),141.7 (C-
8),43.6 (C9),40.4 (C-10),28.2 (C-11),35.2
(C-12),43.4 (C-13),54.9 (C-14),22.8 (C-15),
28.0(C-16),56.0 (C-17),12.2 (C-18),21.1 (C-
19),40.4 (C20),21.5 (C21),135.6 (C-22),
132.0 (C-23),42.9 (C-24),33.8 (C-25),19.6 (C-
26),19.9 (C-27),17.7 (C-28). The above spectral
data were in accord with the literature valuas of ergos-

ta-7 ,22-dien-38,68-diol '™*'.
Result of brine shrimp bioassay

The growth inhibitory activity of compounds 1-8 was e-
valuated against brine shrimp ( Artemia salina )
. Chaetomugilin A was used as a positive control,a fun-
gal metabolite isolated from an endophyte Chaetomium
globosum 1 After incubation for 24 h, compounds 1,
2.4 ,and 8 were found to display significant toxicity to-
ward brine shrimp larvae at a concentration of 10 ( g/
mL, with mortality rates (% ) of 69.1% ,78.1% ,
73.4% , and 70. 4% . metabolite 5 exhibited moderate
toxicity , with mortality rate of 61. 5% , compounds 3,6,
and 7 showed weak growth inhibitory ( 43.3% ,
52.1% ,55.7% ,and 50. 1% ) , while chaetomugilin A
showed mortality rate of 78. 3% at the same concentra-
tion. Compound 2 showed equal toxic activity against
brine shrimp with the control chaetomugilin A.
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