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Actinomycetes have been the focus of extensive investigation, owing to
their ability to produce pharmaceutically useful compounds. However,
in recent years, the rate of discovery of novel compounds from these
bacteria has decreased significantly.1 As a consequence, it is now more
important than ever to isolate actinomycetes from a wide variety of
environmental sources, employing various isolation methods to obtain
new bioactive compounds. Thus, we have focused on mangrove soil
samples as a rich source of diverse actinomycetes in our efforts to
isolate novel secondary metabolites. In the course of our screening
program for cytotoxic compounds against malignant pleural mesothe-
lioma, an aggressive neoplasm that develops from the pleura and is
highly invasive to surrounding tissue,2–4 we have already reported
novel anti-malignant pleural mesothelioma compounds, namely,
JBIR-23,5,6 the teleocidin analogue JBIR-31,7 the aminocaprophe-
none-alkaloid ficuseptamine B,8 the 1,1-dichlorocyclopropane-skele-
ton-containing angucycline JBIR-88,9 the angucycline analogues JBIR-
90–93, -11610 and the xanthoquinodin analogues JBIR-97-99.11 As a
result of further screening, we now disclose a new compound, termed
JBIR-101 (1), from the culture of Promicromonospora sp. RL26, found
in a mangrove soil sample (Figure 1a). This manuscript describes the
fermentation, isolation, structural elucidation and a brief discussion
of the biological activity of 1.
The strain, Promicromonospora sp. RL26, was isolated from a

mangrove soil sample collected in Nosoko, Ishigaki Island, Okinawa
Prefecture, Japan. The strain was cultivated in 50ml test tubes each
containing 15ml of a seed medium consisting of starch (Kosokagaku,
Tokyo, Japan) 1.0%, polypepton (Nihon Pharmaceutical, Tokyo,
Japan) 1.0%, molasses (Dai-Nippon Meiji Sugar, Tokyo, Japan)
1.0% and meat extract (Extract Ehlrich, Wako Pure Chemical Indus-
try, Osaka, Japan) 1.0% (pH 7.2 before sterilization). The test tubes
were shaken on a reciprocal shaker (355 r.p.m.) at 27 1C for 2 days.
Aliquots (2.5ml) of the broth were transferred to 500ml baffled

Erlenmeyer flasks containing 100ml of a production medium contain-
ing starch (Kosokagaku) 1%, glucose 1%, glycerin (Nacalai Tesque,
Kyoto, Japan) 1%, polypepton (Nihon Pharmaceutical) 0.5%, yeast
extract (BD Biosciences, San Jose, CA, USA) 0.2%, corn steep liquor
(Oriental Yeast, Tokyo, Japan) 1%, NaCl (Kanto Chemical, Tokyo,
Japan) 0.1%, CaCO3 (Kozaki Pharmaceutical, Tokyo, Japan) 0.32%
and Sealife (Marinetech, Tokyo, Japan) 1.75% (pH 7.4 before
sterilization), and cultured on a rotary shaker (180 r.p.m.) at 27 1C
for 5 days.
The mycelia collected from the fermentation broth (2 l) by centri-

fugation were extracted with Me2CO (400ml). After removal of the
acetone in vacuo, the remaining aqueous concentrate was partitioned
with EtOAc (100ml�3), and was further extracted with n-BuOH
(100ml�3). The n-BuOH layer was evaporated, and the dried residue
(1230mg) was subjected to reversed-phase medium-pressure liquid
chromatography (Purif-Pack ODS-100, Shoko Scientific, Yokohama,
Japan), using a H2O–MeOH stepwise solvent system (0, 10 and 20%
MeOH). The active eluate (10% MeOH, 36mg) was further purified
by preparative reversed-phase HPLC using a CAPCELL PAKC18 MGII
(5.0mm, 20 i.d.�150mm; Shiseido, Tokyo, Japan) with a 2996 photo-
diode array detector (Waters, Milford, MA, USA) and a 3100 mass
detector (Waters), developed with 20% aqueous MeOH containing
0.1% formic acid (flow rate, 10mlmin�1) to yield 1 (2.9mg, retention
time 32.5min).
Compound 1 was obtained as a colorless amorphous powder.

The molecular formula was determined by HR-ESI-MS (Waters
LCT-Premier XE) to be C20H28O16 (found: 523.1298 [M–H]�,
calcd: 523.1299) and the presence of hydroxy and ester groups
deduced from the IR spectrum (nmax (KBr) 3399, 1731 and
1286 cm�1). The structure of 1 was determined by NMR spectral
analyses. The direct connectivity of protons and carbons were estab-
lished by heteronuclear single quantum coherence spectrum, and the
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tabulated 13C and 1H NMR spectral data for 1 is shown in Table 1.
The structure of 1 was elucidated in a series of DQF-COSY and
constant time (CT)-HMBC12 as follows.
By taking into consideration the number of carbon signals and

molecular formula, 1 could be a symmetric structure. A 1H–1H
correlation between two methylene protons 2-H (dH 2.59) and 3-H
(dH 2.56) was observed in the DQF-COSY spectrum (Figure 1b), with
the 1H-13C long-range couplings 2-H and 3-H to two carbonyl
carbons C-1 (dC 173.1) and C-4 (dC 170.0), establishing a succinic
acid moiety. The DQF-COSY and HMBC spectra also revealed the
presence of a hexopyranose moiety (Figure 1b). The sugar unit was
established by the sequence from oxymethine proton 1¢-H (dH 5.08) to
oxymethylene protons 6¢-H (dH 4.41, 4.00) through four oxymethine
protons 2¢-H (dH 4.31), 3¢-H (dH 3.55), 4¢-H (dH 3.11) and 5¢-H (dH
3.83), together with a long-range coupling between 5¢-H and C-1¢ (dC
96.9). Coupling constants among these protons revealed that the sugar
moiety is an a-glucopyranoside. The direct 13C-1H coupling constant
at C-1¢ (1JC�H¼170.2Hz)13 also supported the identification of an
a-glucopyranoside moiety. The 1H-13C long-range couplings from
oxymethine proton 2¢-H to the carbonyl carbon C-1 and from the
oxymethylene protons 6¢-H to the carbonyl carbon C-4, in addition to
the acylated shifts at 2¢-H and 6¢-H, proved that two succinic acid

moieties and two glucopyranoside moieties are connected through
ester bonds. By taking into consideration a symmetric structure, the
macrocyclic diester structure of 1 was determined to be that depicted
in Figure 1a.
We performed the alkaline hydrolysis of 1 to determine the absolute

configuration of the sugar moiety. As a result, only one glucopyranose
moiety was obtained as a sugar (1¢-H (dC 93.4, dH 5.04, d, J¼3.9Hz),
2¢-H (dC 71.1, dH 3.50, dd, J¼10.0, 3.9Hz), 3¢-H (dC 72.7, dH 3.69, dd,
J¼10.0, 9.1Hz), 4¢-H (dC 69.8, dH 3.30, dd, J¼9.7. 9.1Hz), 5¢-H
(dC 72.4, dH 3.67, ddd, 9.7, 5.3, 2.7Hz), 6¢-H (dC 60.7, dH 3.71, dd,
J¼12.0, 2.7Hz, dH 3.62, dd, J¼12.0, 5.3Hz) in D2O). The optical
rotation ([a]25D+58.01 (c 0.02, H2O) of this sugar residue was in
accordance with that of D-glucopyranose (+52.71).14 Therefore, the
structure of 1, including absolute stereochemistry, was determined as
shown in Figure 1a. Although macrocyclic dilactones composed of
two acylsaccharides have been reported, namely cycloviracins B1 and
B2,

15,16 and glucolipsins A and B,17 this is a new type of symmetrical
macrocyclic dilactones.
The cytotoxic activities of 1 against human malignant pleural

mesothelioma ACC-MESO-1 cells18 and human cervical carcinoma
HeLa cells were estimated by 2-(2-methoxy-4-nitrophenyl)-3-(4-nitro-
phenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium monosodium salt
(WST-8) colorimetric assay (Cell Counting Kit, Dojiindo, Kumamoto,
Japan) for 48h. The novel isolated compound 1 exhibited cytotoxic
activities against ACC-MESO-1 and HeLa cells with IC50 values
of 48mM and 37mM, respectively.

ACKNOWLEDGEMENTS
This work was supported by a grant from the New Energy and Industrial

Technology Department Organization (NEDO) of Japan. The authors thank

Mr Akihiko Kanamoto, Op Bio Factory for his help in collecting the sample.

1 Li, J. W.- H. & Vederas, J. C. Drug discovery and natural products: end of an era or an
endless frontier? Science 325, 161–165 (2009).

2 Carbone, M., Kratzke, R. A. & Testa, J. R. The pathogenesis of mesothelioma.
Semin. Oncol. 29, 2–17 (2002).

3 Mossman, B. T., Kamp, D. W. & Weitzman, S. A. Mechanisms of carcinogenesis and
clinical features of asbestos-associated cancers. Cancer Invest. 14, 466–480 (1996).

4 Sekido, Y. Genomic abnormalities and signal transduction dysregulation in malignant
mesothelioma cells. Cancer Sci. 101, 1–6 (2010).

JBIR-101 (1)

a b

: COSY
: HMBC

1

2

3

4

1'

2'

3'4'

5'
6'

1

2

3

4

1'

2'

3' 4'

5'
6'

O

O OH

HO

OH

O

O

O

OHO

OH

OH
O

O

O

O

1

2

3
4

1'

2' 3' 4'

5'
6'

O

O OH

HO

OH

O

O

O

OHO

OH

OH
O

O

O

O

Figure 1 (a) Structure of JBIR-101 (1). (b) Key correlations in the DQF-COSY (bold lines) and CT-HMBC (arrows) spectra of 1.

Table 1 13C (150MHz) and 1H (600MHz) NMR data for 1

no. dC dH (multiplicity, J in Hz)

1 173.1

2 30.5 2.59 (dt, 13.5, 8.8)

3 30.4 2.56 (dt, 15.2, 8.8)

4 170.0

1¢ 96.9 5.08 (d, 4.2)

2¢ 75.0 4.31 (dd, 9.6, 4.2)

3¢ 70.7 3.55 (dd, 10.3, 9.6)

4¢ 70.4 3.11 (dd, 10.3, 9.7)

5¢ 72.0 3.83 (ddd, 9.7, 5.0, 2.2)

6¢ 63.7 4.41 (dd, 11.2, 5.0)

4.00 (dd, 11.2, 2.2)

NMR spectra were obtained with the Varian NMR system 600 NB CL (Palo Alto, CA, USA) in
DMSO-d6, with the solvent peak used as an internal standard (dH 2.49 and dC 39.7 p.p.m.).

A macrocyclic dilactone from Promicromonospora sp.
M Izumikawa et al

690

The Journal of Antibiotics



5 Motohashi, K., Hwang, J.- H., Sekido, Y., Takagi, M. & Shin-ya,, K. JBIR-23 and -24, novel
anticancer agents from Streptomyces sp. AK-AB27. Org. Lett. 11, 285–288 (2009).

6 Hwang, J.- H., Takagi, M., Murakami, H., Sekido, Y. & Shin-ya, K. Induction of tubulin
polymerization and apoptosis in malignant mesothelioma cells by a new compound
JBIR-23. Cancer Lett. 300, 189–196 (2011).

7 Izumikawa, M., Khan, S. T., Komaki, H., Takagi, M. & Shin-ya, K. JBIR-31, a new
teleocidin analog, produced by salt-requiring Streptomyces sp. NBRC 105896 isolated
from a marine sponge. J. Antibiot. 63, 33–36 (2010).

8 Ueda, J., Takagi, M. & Shin-ya, K. Aminocaprophenone- and pyrrolidine-type alkaloids
from the leaves of Ficus septica. J. Nat. Prod. 72, 2181–2183 (2009).

9 Motohashi, K., Takagi, M., Yamamura, H., Hayakawa, M. & Shin-ya, K. A new
angucycline and a new butenolide isolated from lichen-derived Streptomyces spp.
J. Antibiot. 63, 545–548 (2010).

10 Ueda, J. et al. New angucycline C-glycosides from Streptomyces sp. RI33. J. Antibiot.
64, 367–372 (2011).

11 Ueda, J., Takagi, M. & Shin-ya, K. New xanthoquinodin-like compounds, JBIR-97, -98
and -99, obtained from marine sponge-derived fungus Tritirachium sp.
SpB081112MEf2. J. Antibiot. 63, 615–618 (2010).

12 Furihata, K. & Seto, H. Constant time HMBC (CT-HMBC), a new HMBC technique
useful for improving separation of cross peaks. Tetrahedron Lett. 39, 7337–7340
(1998).

13 Kasai, R., Okihara, M., Asakawa, J., Mizukami, K. & Tanaka, O. 13C NMR study of a-
and b-anomeric pairs of D-mannopyranosides and L-rhamnopyranosides. Tetrahedron
35, 1427–1432 (1979).

14 Windholz,, M. The Merck Index 10th edn, 638–639 Merck & Co., Inc., Rahway, 1983.
15 Tsunakawa, M. et al. New antiviral antibiotics, cycloviracins B1 and B2. I. Production,

isolation, physico-chemical properties and biological activity. J. Antibiot. 45,

1467–1471 (1992).
16 Tsunakawa, M. et al. New antiviral antibiotics, cycloviracins B1 and B2. II. Structure

determination. J. Antibiot. 45, 1472–1479 (1992).
17 Qian-Cutrone, J. et al. Glucolipsin A and B, two new glucokinase activators produced by

Streptomyces purpurogeniscleroticus and Nocardia vaccinii. J. Antibiot. 52, 245–255
(1999).

18 Usami, N. et al. Establishment and characterization of four malignant
pleural mesothelioma cell lines from Japanese patients. Cancer Sci. 97, 387–394
(2006).

A macrocyclic dilactone from Promicromonospora sp.
M Izumikawa et al

691

The Journal of Antibiotics


	Isolation of a novel macrocyclic dilactone—JBIR-101—from Promicromonospora sp. RL26
	Acknowledgements
	References




