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In general, isocoumarins have been reported to exhibit
antibacterial, antitumor and gastroprotective activity
and some have been isolated from culture broths of the
genus Bacillus. In our screening program for new

antitumor compoundsproduced by marine bacteria, we
have isolated a new isocoumarin named PM-94128from
the culture broth of Bacillus sp. PhM-PHD-090 iso-
lated from a marine sediment. PM-94128 is a basic
substituted isocoumarin antibiotic with cytotoxic activity
against several tumor cell lines.

Experimental

A seed medium composed of 0.5% soybean, 0.2%
yeast extract, 0.2% dextrose, 0.2% MOPS (3-(7V-
morpholino)propanesulfonic acid) and 2.7% Instant

Ocean Salts (Aquarium Systems, Inc.) was inoculated
with a slant culture of strain PhM-00-PHD-090 and

incubated at 28°C on a reciprocal shaker for 22 hours.
The resultant seed culture was transferred to a 16-liter
stainless steel jar-fermenter containing 10 liters of the

production medium consisting of0.4% corn steep liquor,
0.5% soybean, 0.2% yeast extract, 1% dextrose, 0.4%
CaCO3and 1.5% Instant Ocean Salts. The fermentation
was carried out at 28°C for 24 hours.

The following extraction and purification processes
were performed by monitoring the activity against P-388
cell lines.

The fermentation broth (10 liters) was extracted with
1 : 1 volumes of EtOAc and the organic extract was
concentrated under vacuum to syrup (2. 16 g). The extract
was dissolved in 300ml of a mixture 10% aqueous
NaCl-MeOH 1 : 1 and defatted by partitioning twice

with 300 ml of ^2-hexane. The water-alcohol fraction was
extracted twice with 300ml of CH2C12and the active
CH2C12 extracts concentrated to yield 600mg. The
extract was chromatographed on a silica gel column
using hexane - EtOAcas eluting solvent. Fractions with
antitumor activity (280 mg) were eluted with w-hexane -
EtOAc 75 : 25. Column chromatography on silica gel was
repeated and the activity (90mg) eluted with CHC13 -
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MeOH98 : 2. The final purification step was carried out
by column chromatography on C1 8 reversed phase using
H2O-MeOH 15:85 as the eluting solvent. Pure frac-

tions on TLCwere combined and evaporated to yield
52mg of pure PM-94128.

Results and Discussion
PM-94128 gave positive color reaction with ninhydrin

reagent. The mp was 172~173°C and [oc]js5 -88.9°
(c 2.0, CHC13). The ultraviolet spectrum, 2max nm (e): 208
(27,000), 246 (6,400), 314 (4,380), and the infrared
spectrum, vmax (KBr)cm-1: 3365, 2954, 1664, 1523

indicated the presence of a benzoic acid moiety with a
hydroxyl group on the benzene ring, and an amide
group. Comparison of the ultraviolet spectrum of PM-
94128 with those of isocoumarin compounds, such as
baciphelacin1}, amicoumacin2'3), AI-77-B4'5), xenocou-

macins6) and Y-05460M-A7), suggested that PM-94128
contains a chromophore similar to 3,4-dihydro-8-hy-

droxyisocoumarin in its structure. The molecular for-
mula C22H34N2O6 was determined by HRFAB-MS

experiment, which gave a (M+H)+ ion at m/z 423.2482
(calcd for C22H35N2O6 423.2495) and by the carbon

number in the 13C NMRspectrum.
The assignments of *H and 13C NMRare shown in

Table 1. A 1H-13C correlation spectrum allowed the
specific 13C assignments shown in Table 1 and multi-
plicities were determined by DEPT experiments. The
connectivities in the *H NMRspectrum of PM-94128
wereconfirmedcompletely by decoupling experiments
and by the WHCOSYspectrum. The XH and 13C
spectral data of PM-941 28 (1) are essentially in agreement
with the corresponding values reported for the related
C21H32N2O6 isocoumarin Y-05460M-A (2)7), but our
compound contains an additional methylene group at Sc
44.16 (ll') and SH 1.18 (ll'-Ha), SH 1.80 (ll'-Hb). In the
^^H COSYspectrum the methylene signal at 5 1.18
(ll'-Ha) connected to a methine at 32.90 (lO'-H) which

Fig. 1. Structures of PM-94128 (1) and related isocoumarin
Y-05460M-A (2).
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Table 1. NMR spectral data for PM-94128 (CDC13, S in
ppm).

13Cshift *Hshift Assig"1" 13Cshift 'Ushift Assig^"
ment ment

175.20 7 54.99 2.90 10'

169.50 1 48.54 4.30 5'

162.10 8 44.16 1.18 ll'

1.80

139.38 10 40.43 1.50 4'

1.85

136.41 7.40 6 30.22 3.08 4

2.80

1 18.18 6.68 5 24.77 1.65 3'
116.ll 6.88 7 23.53 1.75 12'

108.03 9 24.00 0.97 13'

80.98 4.60 3 20.94 0.90 14'

74.78 4.08 8' 22.99 0.95 1'

73.60 3.34 9' 21.81 0.92 2'

13C NMR (75MHz) and *H NMR (300MHz) were

recorded on a Varian Unity 300 spectrometer.

was coupled to a methine signal (9'-H) at (5 3.34.
The å  1H-1H COSYspectrum showed an isopropyl

group at 30.97 and 0.90 (13' and 14'-H3) coupled with
a methine group at 3 1.75 (12'-H). In the spin decoupl-
ing experiment, irradiation at (5 1.75 (12'-H) converted
two methyl doublets at (50.97 and 0.90 (13' and 14'-H3)
into singlets and caused substantial change in the shape of
the multiplets at 3 1.18 and 1.80 (ll'-H2). These findings
suggested that the methylene IT was attached to the
methines at 32.90 (lO'-H) and 3 1.75 (12'-H). From these
data, we propose that the isocoumarin PM-94128 isolated
from PhM-PHD-090 has the structure (1).

Biological Activity

In vitro antitumor activity was studied, using an

adaptation of the method described by Bergeron et al.8).
The antitumor activity ofisocoumarin PM-94128 against
tumor cell lines is shown in Table 2.
The effect of the compoundPM-94128on the apparent

rates of DNA,RNAand protein synthesis was assessed
by measuring cellular incorporation of tritiated thymi-
dine, uridine and leucine (NEN Research Products) from
P-388 culture fluids, following the method of Tomita9),
with small modifications to adapt it to 96 well micro-
plates. Isocoumarin PM-94128 inhibited protein syn-

thesis with an IC50 of 0.1 jum and DNAsynthesis with
an IC50 of2.5um.
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Table 2. Antitumor activity of PM-94128 (IC50//m).

Compound P-388 A-549 HT-29 MEL-28

PM-94128 0.05 0.05 0.05 0.05

Acknowledgments

We are grateful to Dr. J. A. de la Fuente and Dr. C. Gesto
Castromil for their kind measurement of NMRspectra, Dr.
F. Romero Millan for taxonomic identification of the strain
as a Bacillus sp., and Mr. J. A. Alonso GarcIa for his ex-
cellent technical assistance.

References

1) Okazaki, H.; T. Kishi, T. Beppu & K. Arima: A new
antibiotic, baciphelacin. J. Antibiotics 28: 717 - 719, 1975

2) Itoh, J.; S. Omoto, T. Shomura, N. Nishizawa, S.

Miyado, Y. Yuda, U. Shibata & S. Inouye: Amicouma-
cin-A, a new antibiotic with strong antiinflammatory and
antiulcer activity. J. Antibiotics 34: 611 -613, 1981

3) Itoh, J.; S. Omoto, T. Shomura, N. Nishizawa, S.

Miyado, Y. Yuda, U. Shibata & S. Inouye: Isolation,
physicochemical properties and biological activities of

amicoumacins produced by Bacillus pumilus. Agric. Biol.
Chem. 46: 1255-1259, 1982

4) Shimojima, Y.; H. Hayashi, T. Ooka & M. Shibukawa:
Studies on AI-77s, microbial products with pharmacologi-
cal activity. Structures and the chemical nature ofAI-77s.
Tetrahedron Letters 23: 5435-5438, 1982

5) Shimojima, Y.; H. Hayashi, T. Ooka & M. Shibukawa:
Studies on AI-77s, microbial products with gastropro-

tective activity. Structures and the chemical nature of
AI-77s. Tetrahedron 40: 2519-2527, 1984

6) McInerney, B. V; W. C. Taylor, M. J. Lacey, R. J.
Akhurst & R. P. Gregson: Biologically active

metabolites from Xenorhabdus sps. Part 2. Benzopyran-
1-one derivatives with gastroprotective activity. J. Nat.
Prod. 54: 785-795, 1991

7) Sato, T.; K. Nagai, K. Suzuki, M. Morioka, T. Saito,
C. Nohara, K. Susaki & Y. Takebayashi: A new
isocoumarin antibiotic.Y-05460M-A. J. Antibiotics 45:

1949-1952, 1992

8) Bergeron, R. J.; P. F. Cavanaugh, S. J. Kline, R. G.

Hughes, G. T. Elliot & C. W. Porter: Antineoplastic
and antiherpetic activity of spermidine catecholamide iron

chelators. Bioch. Bioph. Res. Comm. 121(3): 848-854,

1984

9) Tomita, F.; K, Takahashi & T. Tamaoki: Quinocarcin,
a novel antitumor antibiotic. 3. Mode of action. J.

Antibiotics 37: 1268- 1272, 1984


