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Interleukin-1j3 converting enzyme (ICE, caspase-1) is

knownas a unique cysteine protease which converts the
biologically inactive precursor of interleukin-1 ji (IL-1ji) to
its mature biologically active form, an important mediator

for inflammation1~3). In our screening for novel ICE in-

hibitor of microbial origin, we found an inhibitory activity
in the cultured broth of Trichoderma hamatum FO-6903.

The active principles were purified from a cultured broth of
FO-6903, and their structures were elucidated as novel

cyclopentanone derivatives, which we named pentenocins
A (1) and B (2) (structures ware shown in Fig. 1). Herein,

wereport the fermentation, isolation, structure elucidation

and inhibitory activity ofpentenocins A and B.

Fig. 1. Structures ofpentenocins A (1) andB (2).

Materials and Methods

Taxonomyof Producing Organism
The producing fungal strain was isolated from a soil

sample collected at Saitama Prefecture, Japan. Morphologi-
cal properties were examined on potato dextrose agar
(Difco), malt extract agar and oat meal agar. Colonies

grown on each media were more than 90mmin diameter
after incubation at 25°C for 5 days. This strain grew moder-
ately to form white or whitish green to green colonies
which were floccose, generally with compact tufts of conid-

iophores. The hyphae were branched, smooth-walled and
hyaline. Conidiophores were long and thick, often with

sterile hyphal elongations. Phialides which grew on short
and thick side branches were crowded, short, plump, and
4.0-7.5X3.0-4.O ^m in size. Conidia were short-cylindri-
cal, green, smooth-walled, and 3.0-4.0X2.5-3.0^ in

size (Fig. 2). From the above characteristics, strain FO-

6903 was identified as Trichoderma hamatumA) and named
Trichoderma hamatum FO-6903. The culture was deposited
in the National Institute of Bioscience and Human-Technol-
ogy, Agency of Industrial Science and Technology, Japan
with an accession number ofFERMP -16787.

Fermentati on
A loopful of strain FO-6903 from a mature slant culture
was inoculated into a 500-ml Erlenmeyer flask containing

Fig. 2. Scanning electron micrograph of

Trichoderma hamatum FO-6903.
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100ml of seed medium consisting of glucose 2.0%, yeast
extract (Oriental Yeast Co.) 0.2 %, MgSO4- 7H2O 0.05%,
Polypepton (Nihon Pharmaceutical Co.) 0.5%, KH2PO4

0.1%, agar 0.1% (adjusted to pH 6.0 before sterilization)
and cultured on a rotary shaker (200rpm) at 28°C for 2

days. One milliliter of the seed culture was inoculated into
each 500-ml Erlenmeyer flasks containing 100ml of pro-
duction medium consisting of dextrin 3.0%, glycerol 1.0 %,

wheat germ (Sigma) 0.5%, Phermamedia (Traders Protein)
1.0%, soybean peptide (Fuji Oil Co.) 0.5%, NaNO3 0.2%,
CaCO3 0.2%, allophane (Shinagawa Chemicals Co., LTD.)
0.5%, and 1% (v/v) of trace salts solution which contained
lg/liter of FeSO4à" 7H2O, CoCl2 - 6H2O, MgCl2 à" 4H2O, and

ZnSO4 - 5H2O (adjusted to pH 6.5 before sterilization). The
fermentation was carried out at 27°C for 4 days on a rotary
shaker (200 rpm).

Isolation of Active Substances
Active substances were purified by the following proce-

dures: Ethanol (2 liters) was added to the cultured broth (2
liters) and the mixture was stirred for 30 minutes. The mix-
ture was centrifuged at 3,500rpm for 30 minutes and then
supernatant was evaporated in vacuo to removeethanol.
The aqueous solution was partitioned between H2Oand
EtOAc,and the aqueous layer was applied to a columnof
Diaion HP-20 (500 milliliters, Mitsubishi Chemical Co,
Japan). Unabsorbed fraction was concentrated to small vol-
ume and chromatographed on a Sephadex LH-20 column
(2.7X91 cm) using 25% methanol as the eluent. The active
fractions were collected and evaporated in vacuo. The re-
sulting active substance was dissolved in a small amount of
H2O, applied to ODS column (Develosil C18, i.d. 25X250
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mm,flow rate 2.0ml/minute) and eluted with water. At re-
tention times from 40 to 50 minutes, active substances were
eluted. They were concentrated and purified by reversed
phase HPLC column (Daiso Pak C18 BP, i.d. 20X250mm)
with 0.05%TFA,and active fractions were re-chromato-
grphed on the same column with water to gave 1 and pure 2
(5 mg). Compound 1 was further purified by HPLC (Aqua-
sil silica, i.d. 20X250mm; EtOAc saturated with water ) to
afford a pure light brown resin (13.9 mg).

Spectroscopic Studies
UVspectra were recorded on a Hitachi U-2000 spec-

trophotometer. IR spectra were recorded on a Horiba FT-
210 FT-IR spectrometer. FAB-MSspectra were recorded on
JMS-DX300and JMS-AX505HAmass spectrometers. The
various NMRspectra were obtained on a Varian Unity 400
spectrometer.

Assay of ICE Activity
ICE activity was monitored essentially as described by

Thornberry et a\}\ Briefly, recombinant human ICE was
used as a source of enzyme, and fluorogenic substrate, Ac-
Tyr-Val-Ala-Asp-Amino methyl coumarin (AMC), was

used. The release ofAMCas an enzyme activity was moni-

tored over time using a Fluoroskan II fluorometer (Labosys-
tems) at a excitation and emission of 355 and 460 nm,
respectively.

Results and Discussion

Physico-chemical properties of 1 and 2 are summarized

Table 1. Physico-chemical properties ofpentenocin A (1) and B (2).

1 2

AppearanceMolecular formula
FAB-MS ( positive )
HRFAB-MS ( m/z)

Found( M+H )+
Calcd.

UVA«2a°x nm
IR ^ max cm-
Color reaction

20% H2SO4

Ninhydrin
Dragendorff 's reagent
Orcinol-HoSO4

Light brown resin
C7H10O5

175( M+H)+

175.0610

1 75.0606

2^0

3400, 1765, 858

positive
negative
negative
positive

Colorless resin
CvHioCU

159( M+H)+

1 59. 0674

1 59.0657
210

3400, 1712, 1681, 1385

positiv e
negative
negative
positive
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Table 2. 13Cand*HNMRdataof1 and2.

1 2
Carbon

Sh
6c

6H

1

2

3

4

5

6

7

205.4

55.0

58.3
76.5

75.9

66.0

17.0

3.57 (1H,d,7=3.0)
3.86 (lH,d,J=3.0)

4.06 (1H
3.80 (1H

1.15 (3H
4.65 (l.H
4.95 (1H
5.60 (1H

s,)
q, 7=6.5)
d, 7=6.5)
s,)
s,)
s.)

6.15 (lH,d,7=6.0)

7.47 (lH,d,7=6.0)

3.91 (1H,s,)
3.68 (lH,q,7=6.5)

1.ll (3H,d,7=6.5)

4.79 (1H,s,)
4.85 (1H,s,)

5.30 (1H

'H (400 MHz) and »C (100 MHz) spectra were measured in DMSO-4
Coupling constants are given in Hz.

in Table 1, and !H and 13C NMRspectral data are in Table
2. The HMQCexperiments revealed the connectivity of
each proton and carbon. The molecular formula of 1 and 2
were determined by HR FAB-MSand 13C NMRspectrum
analyses as C7H10O5and C7H10O4, respectively.
The IR spectrum of 1 suggested the presence ofhydroxyl

(3400cm"1) and carbonyl (1765 cm"1) groups. In 13C NMR
spectrum, a signal at 205.4ppm showed existence of car-
bonyl group. In !H NMR, 1 gave a signal at <57_H3 1.15ppm
based on methyl coupled to the oxymethine at 56_H 3.80
ppm with J-6.5 Hz. Two methine proton signals, 82_H 3.57
and <53.H 3.86, were coupled with J=3.0¥Lz, and signals of
2-CH (Sc 55.0, JCH=195.28Hz) and 3-CH (<5C 58.3,

JCH=191.40Hz) proved the presence of an epoxy moiety
between C-2 and C-3. The 4-(1-hydroxyethyl)-cyclopen-

tanone ring was revealed by HMBCas shown in Fig. 3.
Consequently, the structure of 1 was elucidated.
The structure of 2 was determined by comparison of its

spectra with those of 1. The *H and 13C NMRspectra were
similar to those of 1 (see Table 2). However, two epoxyme-
thine signals were absent, and two oreflnic signals of 2-CH
(Sc 131.9, <5H 6.15, J=6.0Hz) and 3-CH (Sc 165.5, 5H

7.47, J=6.0Hz) were observed in 2. The IR absorption at
1681 cm"1 also suggested the a,/}-unsaturated ketone. In

addition to above spectral evidences, all the assignments

and structure were ascertained by the HMBCexperiment
(Fig. 3), and the structure of 2 was elucidated. The new

compounds, 1 and 2 were named pentenocins A and B, re-
spectively. Details of stereochemistry are now underway.

Fig. 3. HMBCcorrelations of1 and2.
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Both pentenocins A (1) and B (2) inhibited ICE weakly,
and IC50 were 575 jum and 250/im, respectively. Detailed
investigations on other biological activities are also now un-
derway.
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