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Abstract—A novel CYP3A4 inhibitor, diaporthichalasin, together with pycnidione were isolated from an endophytic fungus,
Diaporthe sp. Their structures were elucidated on the basis of spectral data and the structure of diaporthichalasin was confirmed
by X-ray crystallographic analysis. Diaporthichalasin exhibited significantly potent inhibition of CYP3A4 with an IC50 value
of 0.626 lM, while the IC50 value of pycnidione was 465 lM.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Cytochrome P450 (CYP) enzymes have been mainly
expressed in liver microsomes and are recognized to be
responsible for drug metabolism, carcinogenesis, and
degradation of xenobiotics. These enzymes constitute
three families including CYP1, CYP2, and CYP3, which
play an important role in the biosynthesis of lipids,
steroids, and other secondary metabolites.1 CYP3A4 is
the most abundant enzyme in human liver microsomes,2

metabolizing over 50% of drugs biotransformed by this
enzyme.3,4

In an ongoing search for bioactive compounds of endo-
phytic fungi, we discovered a novel compound, diapor-
thichalasin (1), and a known compound, pycnidione
(2), isolated from the filamentous fungus Diaporthe sp.
Bkk3,5 an endophyte of Croton sublyratus leaves
collected from Bangkok. We report herein the isolation,
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structure elucidation, and biological activities of both
compounds.

Fermentation was carried out as follows. Micelia of the
fungus growing on malt extract agar was inoculated in a
250 mL Erlenmeyer flask containing 100 mL of malt
extract broth culture medium (malt extract 2%, glucose
2%, and bacterial peptone 0.1%) and cultured statically
at room temperature for 60 days. Twenty liters of whole
broth was filtered through filter paper (Whatman no. 1)
to separate the broth supernatant and mycelia. The
mycelia were extracted with hexane, dichloromethane
and methanol, respectively. The dichloromethane
extract was evaporated under reduced pressure to afford
a brown viscous crude material (10 g), which was
subjected to silica gel column chromatography and
eluted with hexane–dichloromethane and dichlorometh-
ane–methanol in a stepwise fashion. Similar fractions
were combined on the basis of TLC with detection by
UV light and vanillin/H2SO4 reagent.

Compound 1 was crystallized from the combined
fractions eluted with dichloromethane–methanol (97:3)
during evaporation of the solvent and obtained after
filtration as a white solid (1.5 g). The solid fraction
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Table 1. NMR spectral dataa for 1 in DMSO-d6

Position dC dH (mult; J, Hz) HMBC (H!C)

1 174.83 —
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obtained from elution with dichloromethane–methanol
(98:2) was washed with diethyl ether to give 2 as a pale
orange solid (250 mg).
2 — 8.58 (s) 1, 3, 4, 9
3 87.99 —
4 49.27 2.47 (s) 3, 5, 6, 8, 9, 11, 23
5 28.82 2.03 (m) 3, 4, 6, 7, 9, 11
6 134.77 —
7 126.13 5.08 (s) 5, 8, 9, 12, 13
8 43.64 —
9 63.62 —
10 44.07 2.86 (s) 3, 4, 1 0, 20, 60

11 20.04 0.71 (d, 7.2) 4, 5, 6
12 22.44 1.58 (s) 5, 6, 7
13 50.14 2.72 (d, 8.0) 7, 8, 14, 15, 21,

22, 24
14 128.13 —
15 137.95 5.36 (s) 13, 16, 17, 21, 25
16 35.56 —
17 47.80 0.58 (dd, 12.4 and 12.0) 16, 18, 19, 26, 27

1.41 (br d, 12.8) 16
18 26.72 1.54 (m)
19 35.37 0.46 (br q, 12.4)

1.62 (br d, 9.2)
20 22.99 0.98 (br q, 12.4)

1.37 (m)
21 40.34 1.32 (dd, 12.8 and 13.2) 26
22 48.75 2.03 (dd, 12 and 8.4) 8, 9, 13, 14, 16, 21
23 218.95 —
24 25.49 1.47 (s) 7, 8, 9, 13
25 24.98 1.82 (s) 13, 14, 15
26 19.52 0.74 (s) 15, 16, 17, 21
27 22.66 0.75 (d, 7.6) 17, 18, 19
1 0 126.69 —
2 0 and 60 131.60 7.09 (d, 8.4) 10, 3 0, 4 0

3 0 and 50 114.83 6.67 (d, 8.4) 1 0, 4 0

4 0 155.93 —
OH — 5.63 (s)
OH — 9.26 (br s)

a Data were obtained at 400 MHz for 1H and 100 MHz for 13C NMR
with chemical shifts (d) in ppm and were referenced to residual sol-
vent signals with resonances at dH 2.54 and at dC 39.52.
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Figure 1. COSY, TOCSY, and NOESY correlations.
Compound 1 had a molecular formula of C32H41NO4 as
established by HRESIMS.6 1H and 13C NMR data pre-
sented in Table 1 indicated the presence of a para-substi-
tuted benzene ring, six methyl groups, two double
bonds, and two carbonyl groups. Since the 13 degrees
of unsaturation were accounted for, it was implied that
1 should contain five additional rings. The HMBC
experiment (Table 1) with the assistance of COSY,
TOCSY, and NOESY (Fig. 1) led to the structure of
1. The large coupling constant of H-22 with H-21
(JH-22/H-21 � 12 Hz) and the observed NOEs between
H-22 and H-13 and between H-13 and the methyl pro-
tons of C-24 in the NOESY experiment suggested that
H-22 was axially orientated and occupied the same face
as H-13 and the methyl protons of C-24. The observed
NOEs between H-4 and the methyl protons of C-11
and between H-4 and H-10 in the NOESY experiment
revealed that they occupied the same faces. Due to
non-observation of NOEs between H-21 and the methyl
protons of C-26 and between the methyl protons of C-26
and the methyl protons of C-27, it was suggested that
the methyl protons of C-26 were on the opposite face
to H-21 and the methyl protons of C-27. The configura-
tions of 1 were thereby established except for the config-
uration at C-9. Fortunately, compound 1 could be
crystallized from acetonitrile in the presence of a small
amount of water and the complete relative configura-
tions of 1 were finally established by X-ray crystallo-
graphic analysis (Fig. 2).7 It revealed that compound 1
was a novel compound, diaporthichalasin, which was
an isomer of the previous known phomopsichalasin,8

an antibacterial, isolated from an endophytic Phomopsis
sp. Further support for the difference of diaporthichala-
sin and phomopsichalasin came from the fact that
diaporthichalasin showed a different specific optical
rotation with a strong negative optical rotation, ½a�20

D

�135 (c 0.14, MeOH), compared with phomopsichala-
sin, ½a�25

D �7.168 and diaporthichalasin exhibited no ant-
imicrobial activity against Bacillus subtilis ATCC 6633,



Figure 2. X-ray crystal structure of diaporthichalasin (1).
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Scheme 1. Proposed biosynthetic pathway for diaporthichalasin (1)
and phomopsichalasin.
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Staphylococcus aureus ATCC 25923, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
and Candida albicans ATCC 10231 at <125 lg/mL using
microtiter plate broth dilution assay.

In a general biosynthetic pathway of cytochalasins,
Vederas and Tamm suggested that cytochalasin-type
metabolites are constructed from an amino acid and a
polyketide unit, c.f. I.9 On the basis of cytochalasin
biosynthesis, the phenol moiety in 1 is derived from
tyrosine and the fused rings of 1 are created by double
Diels–Alder closure.10,11 The perhydroisoindole moiety
of diaporthichalasin (1) is thought to arise through an
exo-selective intramolecular Diels–Alder reaction simi-
lar to chaetochalasin A12 while the perhydroisoindole
moiety of phomopsichalasin is thought to arise through
an endo-selective intramolecular Diels–Alder reaction.
The Diels–Alder reactions of putative II and III provide
the cycloadducts, which then undergo hydroxylation
to give phomopsichalasin and diaporthichalasin (1),
respectively (Scheme 1).

The mass spectral data (HRESIMS) of 2 indicated the
molecular formula of C33H40O7. 1D and 2D NMR spe-
ctra,13 including COSY, TOCSY, HSQC, and HMBC,
which established the structure of 2. The coupling con-
stant of H-25 with H-26 (J � 11 Hz) suggested that they
were axially oriented. In the NOESY experiment, the
cross peak observed between H-8 and H-26 and between
H-26 and the methyl protons of C-33 revealed that they
were on the same faces. Since no NOEs were observed
between H-8 and the methyl protons of C-35 and
between H-24 and the methyl protons of C-33, this
indicated that both pyran rings were trans-fused to the
11-membered ring and therefore compound 2 should
have the same structure as pycnidione, isolated from
Phoma sp. as a stromelysin inhibitor14 and from the fun-
gus OS-F69284 (ATCC 74390).15

CYP3A4 activity was monitored by nifedipine oxidation
with expressed human CYP3A4. Ketokonazole was
used as positive control and exhibited inhibition of
CYP3A4 with an IC50 value of 0.11 lM. Compound 1
exhibited significantly potent inhibition of CYP3A4
with an IC50 value of 0.626 lM, while the IC50 value
of 2 was 465 lM.
2. Assay of CYP inhibition16

CYP activity was based on nifedipine oxidation. Various
amounts (0–10 lM, final concentration) of samples in
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1 lL of DMSO were added to 192 lL of a solution
containing 100 mM phosphate buffer (pH 7.4) contain-
ing 50 lM nifedipine (Wako Pure Chemical Industries,
Ltd. (Osaka, Japan)), 5 mM glucose-6-phosphate
(Oriental Yeast Co., Ltd. (Tokyo, Japan)), 0.5 mM
b-NADP+ (Oriental Yeast Co., Ltd.), 0.5 mM MgCl2,
and 4.3 lg/mL glucose-6-phosphate dehydrogenase
(Oriental Yeast Co., Ltd.) and incubated at 37 �C for
5 min. CYP3A4 (Gentest Co. (Woburn, MA)) was also
preincubated in 7 lL of the buffer at 37 �C for 5 min and
added to the sample solution. After incubation at 37 �C
for 1 h, the reaction was quenched by the addition of
100 lL of MeOH. After adding 3.7 lg of 6-methoxycar-
bonyl-5-methyl-7-(2-nitrophenyl)-4,7-dihydrofuro[3,4-b]-
pyridin-1-(3H)-one in 1 lL of DMSO as an internal
standard, the reaction mixture was extracted with
1 mL of ether, and the ether layer was evaporated.
The residue was dissolved in 100 lL of MeOH, and an
aliquot (20 lL) was analyzed by reverse-phase HPLC
(column, TSK-gel ODS-120T, 4.6 mm i.d. · 150 mm;
mobile phase, 64% MeOH–H2O; flow rate, 1.0 mL/
min; detection, UV 254 nm); retention times: 2.9 min
for the internal standard, 4.0 min for the nifedipine
metabolite (nifedipine pyridine), and 5.5 min for nifedi-
pine. The value of IC50, the concentration required for
50% inhibition of CYP3A4 activity, was calculated from
the data of duplicate measurements.
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