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Madurastatins Al (1), A2 (2) and A3 (3), novel pentapeptides that were acylated with
salicylic acid at the N-terminus, were isolated from the culture broth of a pathogenic
Actinomadura madurae IFM 0745 strain. These structures were mainly determined by 2D NMR
and MS/MS spectral techniques. The strain produced simultaneously madurastatins B1 (4) and
B2 (5) consisting of Ser and salicylic acid moieties. Compounds 1 and 4 had an antibacterial
activity against Micrococcus luteus, indicating that the presence of the aziridine ring is essential
for such activity. Because 1 has a strong affinity with ferric ion due to the presence of two
hydroxamic acids and a salicylic acid, it is considered to be a siderophore that is a low
molecular weight iron chelater. The production of siderophores may be one of the
characteristics of pathogenic microorganisms.
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Pathogenic actinomycetes are distributed on a limited
basis in the natural environment and it is difficult to isolate
them. Therefore, they can be recognized as one of rare
actinomycetes and recognized as an additional unexplored
source of new bioactive compounds. We have collected
many pathogenic actinomycetes from clinical materials,
which belong mainly to the genera of Nocardia. They
produce several biologically active compounds such as
antitumor and immunosuppressive ones' ™', In 1997, we
also isolated three actinomycetes from clinical materials
and they were identified as Actinomadura madurae. The
culture broths of these strains showed microbial activity
against Gram-positive bacteria such as Micrococcus luteus.
In this report, we describe the isolation and structure
determination  of (designated  as

new  peptides

madurastatins, Fig. 1) produced by one of the three A.

madurae, the IFM 0745 strain, which shows an interesting

siderophoric activity.

Results

Taxonomy and Fermentation

An actinomycete IFM 0745 strain was isolated from the
sputum of a patient at the Chiba University Hospital on
September 5, 1997. This strain did not contain mycolic acid
that is characteristic of Nocardia sp. but contained
madurose as a taxonomically important cell wall sugar
component, and MK-9 (H6) was a major menaquinone
component', indicating that this strain belongs to a species
of Actinomadura. Our further phenotypic and phylogenetic
characterization studies showed that Actinomadura 1FM
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Fig. 1. Structures of madurastatins.
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0745 should belong to a strain of 4. madurae. The strain A.
madurae TFM 0745 grows well in BHI (brain heart
infusion) medium containing 2% glucose at 32°C for
7 days. The cultured broth was inoculated in nutrient broth
(2 times concentrated) containing each 1% glucose and
glycerol at a 1% concentration and the culturing continued
for 6 days.

Isolation of Madurastatins

Because the cultured broth of A. madurae IFM 0745
exhibited activity against M. luteus, the separation of the
active compounds from this strain was performed under the
guidance of this microbiological activity. The active and
related compounds were retained on HP-20 and were eluted
with 50% methanol followed by 100% methanol. The
HPLC chromatograms of the 100% methanol and 50%
methanol fractions are shown in Fig. 2(a) and (b),
respectively. The 100% methanol fraction contained mainly
three compounds (madurastatins (Fig. 1)), of which the

CL
H
OH OH

madurastatin B2 (5)

main peak (Al (1)) at 7 minutes exhibited activity against
M. luteus. Two minor components (A2 (2) and A3 (3)) were
eluted prior to 1 (Fig. 2(a)) and did not show any activity.
The preparative HPLC of the 100% methanol fractions
gave 60.5mg of 1, 3.0mg of 2 and 6.5 mg of 3. The 50%
methanol fraction contained several compounds in addition
to the madurastatins mentioned above (Fig. 2(b)). The peak
at 7 minutes was composed of two components
(madurastatins B1 (4) and B2 (5)) and 4 exhibited activity
against M. luteus. These compounds were isolated by a
combination of silica gel column chromatography and
preparative HPLC to give 15.2 mg of 4 and 8.2 mg of 5.

Structures of Madurastatins

The physicochemical properties of the madurastatins are
summarized in Table 1. These compounds seemed to
contain hydroxamic acid or phenolic moiety because they
produced a purple color with FeCl; on a thin layer plate. It
was found that 1 and 4 have the same chromophore owing
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Fig. 2. HPLC chromatogram of (a) the methanol and (b) the 50% methanol fraction.
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(a) HPLC conditions: column; Cosmosil 5C18-AR (150X4.6mm i.d.,, Nacalai Tesque), mobile phase;
methanol: 0.1% TFA=30:70, flow rate; 1.0 ml/minute, detection, 254nm and (b) HPLC conditions: column;
Cosmosil 5C18-AR (150X4.6mm i.d., Nacalai Tesque), mobile phase; methanol:0.1% TFA=25:75, flow rate;

1.0 ml/minute, detection; 254 nm.

to the identical UV absorption spectra. In order to
determine the constituent amino acids of the components of
the A series, acidic hydrolysis followed by the analysis of
the
method'®'” were performed. Fig. 3 shows the mass

resulting hydrolysate using advanced Marfey’s
chromatograms monitored at the m/z values of the
deprotonated molecules of (a) the D,L- and (b) the L-DLA
(2,4-dinitrophenyl-5-L-leucinamide) derivatives of each
constituent amino acid in the hydrolysate of 1. There are

four peaks of the constituent amino acids in the Fig. 3(b), in

which the ion peak at m/z 382 corresponds to Ala and S-
Ala and the peaks for Orn, N-Me-Orn are detected at m/z
719 and 733, respectively, which were reductively derived
from N-hydroxy-Orn and N'-Me-N-hydroxy-Orn under acid
hydrolysis. The peak of the remaining constituent amino
acid can be detected at m/z 398 that corresponds to the
derivative of Ser and its absolute stereochemistry can be
determined to be D by comparison of the authentic sample.
The same experiments for 4 and S indicated that they

include only D-Ser as the amino acid moiety.
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Table 1. Physicochemical properties of madurastatins.

madurastatin madurastatin
Al (1) A2 (2 A3 (3) B1 (4) B2 (5)

FABMS (m/z) 606 [M+H]+ 624 [M+H]* 624 [M+H]* 208 [M+H]* 226 [M+H]*
Molecular formula C27H39N709 C27H41N7010 C27H41N7010 C10H9NO4 C10H1 1N05
HR-FABMS (m/z)

Obsd. ([M+H]*) 606.2859 624.3015 624.3001 208.0491 226.0663

Calcd. 606.2831 624.2997 624.2997 208.0499 226.0652
[a]? (c 0.1, MeOH) -4.1 -13.2 -10.5 -5.6 -8.3
UV Apax M 254, 323 236, 297 237, 306 254, 323 236, 297
antibacterial activity

(M. luteus) O X X O X

Fig. 3. Mass chromatograms monitored at the m/z values of the deprotonated molecules of (a) the D,L- and
(b) the L-DLA (2,4-dinitrophenyl-5-L-leucinamide) derivatives of each constituent amino acid in the
hydrolysate of madurastatins A1 (1).
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The molecular formula of 1 was determined as group and a singlet signal at 2.19 ppm due to the N-methyl
C,,H;4N,0, by HRFAB-MS, which gave the (M+H)" ion group. Four aromatic protons were assigned as shown in
at m/z 606 in the positive mode and the (M—H)™ ion at m/z Table 2, indicating the presence of the ortho disubstituted
604 in the negative mode. In the 'H-NMR spectrum, 1 benzene. A few o-protons from the amino acid moieties

showed a doublet signal at 1.21 ppm due to the methyl were also observed. In the '*C-NMR spectrum, a methyl
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Table 2. 'H- and '*C-NMR spectral data for madurastatin A1 (1).
position  Ou,J (Hz) d¢ position Oy, J (Hz) d¢

1 164.9 16 427 q(1.2) 48.3
2 4.30 m 49.4 17 1.21 d(6.8) 18.4
3 1.66 m 27.7 18 169.2

1.88 m 19 4.98 dd (10.2, 7.8) 67.2
4 1.90 m 20.3 20 4.47 t(8.0) 69.4
5  35lm 51.2 4.60 dd (10.4, 8.4)
6 173.6 21 165.9
7 2.83 t(6.6) 63.7 22 110.0
8 1.45 m 30.2 23 159.0
9 1.55 m 22.8 24 6.98 dt (8.2, 0.6) 116.5
10 3.50 m 47.0 25 7.44 dt(7.8, 1.6) 134.0
11 2.19 s 34.2 26 6.96 dt(7.4,1.0) 119.0
12 170.9 27 7.62 dd (7.6, 1.6) 128.0
13 251 t@48) 31.9 NH 803 d(5.6)
14 325 m 34.7 NH 7.91 t(8.0)
15 171.6 NH 834 d(7.6)

Fig. 4. COSY and HMBC correlations of madurastatins A1 (1).
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carbon and an N-methyl carbon appeared at 18.4 and
34.2 ppm, respectively, and aromatic carbons, a-carbons of
the amino acid moieties and carbonyl carbons also were
observed (Table 2). The C-H connectivity and assignment
of the signals were confirmed by 2D-NMR experiments
using COSY and HMBC techniques (Fig. 4). The long
range couplings from the o-proton (4.98 ppm) and the S-
methine proton (4.47 and 4.60 ppm) to the two carbonyl
carbons (165.9 and 169.2ppm) confirmed the presence
of an aziridine ring (abbreviated as Azi) of the
N-terminus, and from the 8-methylene proton (3.51 ppm) to
the carbonyl carbon (164.9 ppm) confirmed that a lactam is
formed at Orn of the C-terminus (Fig. 4 and Table 2).
Consequently, 1 was a pentapeptide acylated with salicylic
acid at the N-terminus.
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There are three hydroxyl groups in this molecule based
on its molecular formula and the results from the NMR
experiment. Because they were not observed in this NMR
experiment, the MS/MS technique using Q-TOF (time of
flight) was applied. The doubly charged protonated
molecule (M+2H)*" at m/z 303 was selected as the
precursor ion and the obtained product ion spectrum is
shown in Fig. 5. These product ions can be assigned as
shown in Fig. 5 and this experiment can reject completely
two of the three candidates. This conclusion was also
supported by an experiment of the corresponding acetylated
derivatives by FABMS (data not shown). Consequently, 1
has one phenolic hydroxyl and two hydroxamic acid
moieties, in two of which the hydroxyl groups are located at
the §-amino groups of Orn (Fig. 1).
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Product ion spectrum of the doubly charged protonated molecule (M+2H)" at m/z 303 of

madurastatin A1 (1) and assignment of the resulting product ions.
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The molecular formulae of 2 and 3 were determined as
C,,H,;N,O,, by HRFAB-MS, which were 18 mass units
larger than that of 1, suggesting that they are compounds
with the addition of one mole of water to 1. In the "TH-NMR
spectrum of 2, the three signals at 3.74, 4.52 and 5.10 ppm
appeared, whereas the signals of the B-protons (4.47 and
4.60ppm) for Azi in 1 disappeared. In the '*C-NMR
spectrum of 2, the signals at 67.2 and 69.5 ppm for Azi in 1
were upfield shifted to 55.6 and 61.5 ppm, respectively. The
signal of a methine proton observed at 4.98 ppm in 1 was
upfield shifted to 4.36 ppm in the "H-NMR spectrum of 3.
In the *C-NMR spectrum of 3, the signals at 67.2 and
69.5ppm for Azi in 1 were upfield shifted to 51.3 and
63.0 ppm, respectively. These results indicated that the
structural difference between 1 from 2 and 3 is derived
from the N-terminus moiety. The final conclusive evidence
was obtained for the structural relationship among the three
components from the following 2D experiments: the COSY
correlations between the S-proton of Ser (3.74 ppm) and the
hydroxyl proton (5.10 ppm), and the long range couplings
from the a-proton of Ser (4.52 ppm) and the amino proton
(8.84ppm) to the two carbonyl carbons (167.0 and
169.4 ppm) confirmed the presence of a peptide bond at Ser

(miz)

on the N-terminus in 2 (Fig. 1). In 3, the long-range
coupling from the B-protons of Ser (4.58 and 4.73 ppm) to
the two carbonyl carbons (165.1 and 167.6 ppm) confirmed
the presence of an ester bond at Ser on the N-terminus
(Fig. 1).

As shown in Table 1, although the molecular weights of
4 and 5 were much smaller than those of the madurastatin
A series, the UV spectral behavior was quite similar to that
of 1 and 2, respectively. The observed signal pattern
including the aromatic and o and 8 protons of the Ser
moiety in the "TH-NMR spectra of 4 and 5 was similar to
that of the N-terminus of 1 and 2, respectively. Therefore, 4
has an aziridine ring on the N-terminus as shown in Fig. 1
and 5 is D-Ser combined with salicylic acid at the N-

terminus.

Complex Formation of 1 with Ferric Ton

As shown above, the madurastains produced a purple
color with FeCl, on a thin layer plate, suggesting that they
form a complex with ferric ion. The reaction of 1 with a
ferric chloride aqueous solution gave a complex whose

FAB mass spectrum is shown in Fig. 6. The protonated
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Fig. 6. FAB mass spectrum of a complex of madurastatin A1 (1) and ferric ion.
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Fig. 7. UV spectra of madurastatin A1 (1) and its complex with ferric ion.
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molecule of the complex was observed at m/z 659 together
with the protonated molecule of 1 corresponding to the
deferric ion of the complex in the spectrum. The formation
of the complex was also supported by the UV spectrum
shown in Fig. 7, in which the characteristic absorption
maxima at 254 and 323 nm in 1 were changed to those at
279 and 444nm. These experiments suggested that 1
formed a complex with ferric ion using a phenolic and two
hydroxamic acid moieties in the molecule. The resulting
complex did not show any microbial activity against M.

600 nm

luteus.

Discussion

During continuing studies on biologically active
compounds from pathogenic actinomycetes, we isolated
several peptides called madurastatins from Actinomadura
madurae IFM 0745 isolated from the sputum of a patient at

the Chiba University Hospital in the present study. The
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main component 1 is a pentapeptide acylated with salicylic
acid at the N-terminus and has an aziridine ring, and a
phenolic and two hydroxamic acid moieties. The absolute
configurations of four of the constituent amino acids can be
determined by the advanced Marfey’s method'®'?, of which
the aziridine-containing amino acid was detected as D-Ser.
However, it was hard to apply the method to the case of N-
Me Orn because its separation mechanism has not yet been
elucidated. This is due to the different predominant
conformation of the DLA derivatives of usual amino acid'®
and N-Me amino acid. Although 1 is unstable to some
extent probably due to the presence of the aziridine ring in
the molecule, it is interesting that 1 and 4 have an
antibacterial activity. This indicates that the presence of the
aziridine ring is essential for this activity.

The main component 1 shows another characteristic
behavior that has a strong affinity with ferric ion, indicating
that it is an ion chelater, a so-called siderophore'®. The
siderophores produced by microorganisms are structurally
classified into four groups, hydroxamate, catecholate,
salicylate and carboxylate. Bacteria produce the four types
of siderophores and fungi produce the hydroxamate. The
siderophores produced by actinomycetes has both
hydroxamate and salicylate moieties'. Actinomadura sp.

9 whose

produced only one siderophore, maduraferrin
structure is similar to that of 1. Similar siderophores such
as formobactin®”, nocobactin NA?", mycobactin®® and

exochelin®®

were also produced by pathogenic Nocardia
and Mycobacterium.

Iron is an essential element for all living cells. It is
difficult to take up iron into cells due to its poor solubility.
Therefore, microorganisms had to evolve methods of
solubilization and uptake of mineral iron. For the iron
supply of living cells, some microorganisms produce an
iron chelater, siderophore, outside the cells and the
siderophore is chelated with ferric ion. The complex is
recognized by a specific receptor in the outer cell
membrane and transported into the periplasm. The complex
is then stored and ferric ions are utilized after the
decomposition and reduction of the complex as the need
arises'®.

The ability of the pathogenic microorganisms to grow in
its animal and human hosts, especially in iron-limited
extracellular spaces, such as respiratory cavities, is
dependent on its ability to scavenge iron. Like many other
pathogenic microorganisms, pathogenic Nocardia species
synthesize and secrete iron chelators known as
siderophores. Therefore, siderophores have been considered
to play an important role as virulence factors in the iron-

limiting environments of their vertebrate hosts in order to

FEB. 2004

compete for ferric iron. Very recently, a siderophore,
asterobactin, was also isolated from the culture broth of a
pathogenic Nocardia asteroides*®. Actinomadura strains
have been used as the sources of antibiotic production, but
among the Actinomadura species, two species A. madurae
and A. pelletieri have been reported as pathogenic species.
Therefore, madurastatin was also considered to be a
virulent factor because this strain was isolated from a
Japanese patient with bronchitis.

We have demonstrated that some antibiotics such as
rifampicin, fusidic acid and macrolide antibiotics become
inactive by pathogenic Nocarida through the modification
of the structures by phosphorylation, glycosylation or

oxidation® 3%

. In this experiment, it was found that the
pathogenic Actinomadura produced a siderophore. Based
on the results accumulated by many researchers including
us, the inactivation of antibiotics and the production of
siderophores seem to be closely related to the pathogenicity

of a microorganism.

Materials and Method

Instrumentations

NMR experiments were performed using JEOL-A400
and -A600 spectrometers in DMSO-d, or CD,0D at 40°C.
The MS spectra were measured on a JEOL-HX110
spectrometer for FABMS and Finnigan MAT TSQ700 for
ESI LC/MS. High resolution MS spectra were obtained
using a JEOL-HX110 under FAB conditions. The MS/MS
spectra were measured with a Micromass Q-TOF mass
spectrometer. UV spectra were recorded with a Shimadzu
UV-2100. Optical rotations were measured with a JASCO
DIP-370 polarimeter. HPLC was carried out using the
following two systems: pump; Shimadzu LC-9A, detector,
Shimadzu SPD-10A (UV-VIS) or Shimadzu SPD-M10A
(diode array) and pump; TOSOH CCPS, detector; TOSOH
UV-8020.

Microorganism, Taxonomy and Fermentation

A. madurae TFM 0745 isolated from a Japanese patient
with bronchitis in Japan was used. Whole cell hydrolysates
were analyzed for diaminopimelic acid (DAP) isomers and
sugars using thin layer chromatography (TLC). Mycolic
acid and menaquinones were prepared and analyzed®".
Physiological characterisitics including the decomposition
and acid production profiles of various carbohydrates,
growth temperature, and other phenotypic characteristics
were determined by the methods of TRrujiLLO and
GoobpreLLow, and GORDON ef al.'>*. The seed broth was
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prepared by inoculating mycelial elements of the producing
strain (4. madurae IFM 0745) grown on a Mueller Hinton
IT agar slant (Difco, Detroit) in 10ml of Brain Heart
Infusion broth (BHI, Difco) with 2% glucose in a 50-ml
Erlenmeyer shake flask. The culture was inoculated on a
rotary shaker at 259 rpm for 6 days. One percent inoculum
was transferred to a 500-ml Erlenmeyer flask containing
150-ml of the production medium composed of 2 times
concentrated Nutrient broth (Difco) with 1% glucose. The
culture was incubated on a rotary shaker at 250 rpm for 6
days.

Isolation

After centrifugation of the culture broth, the supernatant
was subjected to an HP-20 column. After washing the
column with water, the desired products were eluted with
50% methanol (15 liters) followed by 100% methanol
(15 liters) to give the fractions of 12.5g and 15.5¢g,
respectively. The 100% methanol fraction was separated by
the following preparative HPLC to give 1 (256mg), 2
(13.8 mg) and 3 (23.2mg): column; Cosmosil 5C18-ARII
(250X10mm id., Nacalai Tesque), mobile phase;
methanol : 0.1% TFA=25:75, flow rate; 4.0 ml/minute,
detection; 254 nm. The 50% methanol fraction was applied
to a silica gel column (680X4.5mm i.d.) chromatography
using ethyl acetate:2-propanol : water (4:3:7, upper
phase) as the mobile phase to give 4 (82.1mg) and 5
(18.1 mg) fractions. The following preparative HPLC of
these fractions gave 4 (20.3 mg) and 5 (10.4 mg): column;
Cosmosil 5C18-ARII (250X 10 mm i.d., Nacalai Tesque),
mobile phase; methanol:0.1% TFA=25:75, flow rate;
3.0 ml/minute, detection; 254 nm. These five fractions were
neutralized with 7% ammonium hydroxide solution and
then subjected to ODS cartridges (Waters, Sep-pac, 500
mg). After washing these cartridges with water (10 ml), the
desired components were eluted with 50% methanol
(10 ml) to give purified 1 (60.5 mg), 2 (3.0 mg), 3 (6.5 mg),
4 (15.2mg) and 5 (8.2 mg).

Advanced Marfey’s Method
One mg of the madurastains was dissolved in 400 ul of
6 M HCI, and heated at 110°C for 24 hours under nitrogen.
The reaction solution was evaporated to dryness and 50 ul
of water, 40 ul of 1 M NaHCO, and 100 ul of 1% FDLA (1-
fluoro-2,4-dinitrophenyl-leucinamide)

acetone  solution
were added to the residue. The solution was heated at 40°C
for 1 hour and the reaction was quenched by the addition of
20 ul of 1M HCI. After dilution with 220 ul of acetonitrile,
0.1 and 1 ul of the DLA derivatives of all the samples were

analyzed by the following HPLC and ESILC/MS,
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respectively: column; TSK gel ODS-80Ts (150X4.6 mm
i.d., TOSOH), mobile phase; acetonitril:0.1% TFA,
gradient condition; acetonitrile 30—70%, flow rate;
1.0 ml/minute, detection; 340 nm, column; Develosil ODS-
HG5 (150X2mm id., TOSOH),
acetonitril: 0.1% TFA, gradient condition; acetonitrile
30—>70%, flow rate; 0.2ml/minute, split ratio; 1:40,

mobile  phase;

detection; MS (negative ion mode).

MS/MS Experiment
ESI (electrospray ionization)-MS/MS spectra were

acquired using a Q (quadrupole)-TOF (time-of-flight)
instrument and Mass Lynx data acquisition. This
instrument was a hybrid quadrupole orthogonal
acceleration time-of-flight mass spectrometer, with a
Z-spray nanoflow electrospray ion source. The mass
spectrometer was operated in the positive-ion mode.
Purified samples were dissolved in 50% aqueous methanol
solution containing 0.2% formic acid and loaded into a
nanoflow tip. A high voltage (1.0kV) was applied to the
nanoflow tip of the capillary. The collision energy was
increased to an optimum value of 25~35V using an argon

collision gas.

Preparation of Complex of 1 with Ferric Ton
Compound 1 (5.0 mg) was dissolved in 10% FeCl; (aq.),
and was neutralized with 7% NH; (aq.). The solution was

evaporated to dryness and the residue was purified by the
following preparative HPLC to gave a complex of 1
(3.8 mg): column; Cosmosil 5C18-ARII (4.6X 150 mm i.d.,
Nacalai Tesque), mobile phase; methanol:0.01%
TFA=20: 80, flow rate; 1.0 ml/minute, detection; 450 nm.

Acknowledgements

The authors wish to thank Mrs. YASUKO OGATA for her
excellent technical assistance and Dr. KENJI MATSUURA, the
Santen Pharmaceutical Company, for providing the ESI
LC/MS spectra.

References

1) Mikami, Y.; K. Yazawa, S. OHASHI, A. MAEDA, M.
Axao, M. IsHiBAsI, J. KoBayasHl & C. YAMAzZAKI: SO-
75R1, a new muactimycin derivative produced by
Nocardia brasiliensis. J. Antibiotics 45: 995~997, 1992

2) SPEITLING, M.; P. NATTEWAN, K. YAazawa, Y. Mikawmi, 1.
GRUN-WOLLNY, M. Ritzau, H. LAATSCH & U. GRAFE:
Demethyl muactimycins, new anthracycline antibiotics
from Nocardia and Streptomyces strains. J. Antibiotics
51: 693~698, 1998

3) Tanaka, Y.; U Grar, K. YAazawa, Y. Mikami & M.
Ritzau: Nocardicyclins A and B: new anthracycline



134

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

THE JOURNAL OF ANTIBIOTICS

antibiotics produced by Nocardia pseudobrasiliensis. .
Antibiotics 50: 822~827, 1997

Tanaka, Y.; U Grar, K. Yazawa & Y. MIKAMI:
Production of nocardicyclins by clinical isolates of
Nocardia pseudobrasiliensis and in vivo antitumor
activity of the antibiotic. J. Antibiotics 51: 589~591,
1998

Tsubpa, M.; H. SATO, Y. TANAKA, K. YAZAWA, Y. MIKAMI,
T. Sasakl & J. KoBavasHI: Brasiliquinones A~C, new
cytotoxic benz[a]anthraquinones with an ethyl group at
C-3 from actinomycete Nocardia brasiliensis. J. Chem.
Soc. Perkins Trans. 1: 1773~1775, 1996

NEMoTO, A.; Y. TaNakA, Y. KArRASAKI, H. Komaki, K.
Yazawa, Y. Mikami, T. Toso, K. KADowAKI, M. TSUDA &
J. KoBAvasHI: Brasiliquinones A, B and C, new
benz[a]anthraquinones  antibiotics from  Nocardia
brasiliensis. 1. Producing strain, isolation and biological
activities of the antibiotics. J. Antibiotics 50: 18~21,
1997

KoBayasHi, J.; M. Tsuba, A. NEMoTO, Y. TANAKA, K.
Yazawa & Y. MIKAMI: Brasilidine A, a new cytotoxic
isonitrile-containing  indole  aikaloid from the
actinomycete Nocardia brasiliensis. J. Nat. Prod. 60:
719~720, 1997

SHIGEMORI, H.; H. KomMAKl, K. YAazawa, Y. MiKAMI, A.
NEmorto, Y. TANAkA, T. Sasakil, Y. IN, T. IsHIDA & J.
KoBayasHI: Brasilicardin A. A novel tricyclic metabolite
with  potent immunosuppressive activity  from
actinomycete Nocardia brasiliensis. J. Org. Chem. 63:
6900~6904, 1998

Komaki, H.; A. NEmoTO, Y. TaNakA, K. YAazawa, T.
Toio, H. Takaci, K. Kapowaki, Y. Mikami, H.
SHIGEMORI & J. KoBAvAasHI: Brasilicardin A. A new
terpenoid antibiotic produced by Nocardia brasiliensis.
Actinomycetol. 12: 92~96, 1998

Komaki, H.; A. NEmoto, Y. TANAKA, H. TAkacGI, K.
Yazawa, Y. Mikami, H. SHIGEMORI, J. KOBAYASHI, A.
ANDO & Y. NAGATA: Brasilicardin A. A new terpenoid
antibiotic from pathogenic Nocardia brasiliensis:
fermentation, isolation and biological activity. .
Antibiotics 52: 13~19, 1999

SHIGEMORI, H.; Y. TANAKA, K. YAazAwA, Y. MIKAMI & J.
KoBAYASHI: Brasilinolide A. new immunosuppressive
macrolide from actinomycete Nocardia brasiliensis.
Tetrahedron 52: 9031~9034, 1996

TaNnAkA, Y.; H. KoMaki, K. YAazawa, Y. MIKAMI, A.
Nemoto, T. Tojo, K. Kapowakl, H. SHIGEMORI & J.
KoBayasHI: Brasilicardin A. A new macrolide antibiotic
produced by Nocardia brasiliensis: producing strain,
isolation and biological activity. J. Antibiotics 50:
1036~1041, 1997

Mikami, Y.; H. Komaki, T. Imal, K. YAzawa, A.
NemMotOo, Y. TANAKA & U. GRAFE: A new antifungal
macrolide component, Brasilicardin B produced by
Nocardia brasiliensis. J. Antibiotics 53: 70~74, 2000
Mikami, Y.; K. Yazawa, Y. TANAKA, M. Ritzau & U.
GRAFE: Isolation and structure of nocardiolactone, a new
dialkyI-substituted S-lactone from pathogenic Nocardia
strains. Nat. Prod. Lett. 13: 277~284, 1999

TrunLLo, M. E. & M. GooprFELLOW: Polyphastic
taxonomic study of clinically significant actinomadurae
including the description of Actinomadura latina sp. nov.
Zbl. Bakt. 285: 212~233, 1997

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

FEB. 2004

Fui, K.; Y. Ikal, T. Mayumi, H. Oka, M. Suzuki &
K.-1. HARADA: A nonempirical method using LC/MS for
determination of the absolute configuration of
constituent amino acids in a peptide: elucidation of
limitations of Marfey’s method and of its separation
mechanism. Anal. Chem. 69: 3346~3352, 1997

Fum, K.; Y. Ixa1, H. Oka, M. Suzuki & K.-I. HARADA:
A nonempirical method using LC/MS for determination
of the absolute configuration of constituent amino acids
in a peptide: combination of Marfey’s method with mass
spectrometry and its practical application. Anal. Chem.
69: 5146~5151, 1997

DRECHSEL, H. & G. JUNG: Peptide siderophore. J. Peptide
Sci. 4: 147~181, 1998

KELLER-SCHIERLEIN, W.; L. HAGMANN, H. ZAHNER & W.
Hunn:  Stoffwechselprodukte von Mikroorganismen.
167. Maduraferrin, ein neuartiger Siderophor aus
Actinomadura madurae. Helv. Chim. Acta 71:
1528~1540, 1988

MurAkAMI, Y.; S. KAaTO, M. NAKAJIMA, M. MATSUOKA,
H. Kawal, K. SHIN-YA & H. SETO: Formobactin, a novel
free radical scavenging and neuronal cell protecting
substance from Nocardia sp. J. Antibiotics 49: 839~845,
1996

RATLEDGE, C. & G. A. SNow: Isolation and structure of
Nocobactin NA, a lipid-soluble iron-binding compound
from Nocardia asteroids. Biochem. J. 139: 407~413,
1974

SNow, G. A.: Mycobactins: iron-chelating growth factors
from Mycobacteria. Microbiol. Rev. 34: 99~125, 1970
SHARMAN, G. J; D. H. WiLLiams, D. E. EwING & C.
RATLEDGE: Determination of the structure of exochelin
MN, the extracellular siderophore from Mycobacterium
neoaurum. Chem. Biol. 2: 553~561, 1996

Nemoto, A.; Y. HosHiNO, K. Yazawa, A. ANDO, Y.
Mikami, H. Komaki, Y. TaNaka & U. GRAFE:
Asterobactin, a new siderophore group antibiotic from
Nocardia asteroids. J. Antibiotic 55: 593~597, 2002
Mikamr, Y. & K. Yazawa: Susceptibility patterns of
pathogenic Nocardia to some selected antimicrobial
agents and their usefulness in the identification works in
a clinical laboratory. Bulletin of the Japan Federation for
Culture Collections 5: 89~95, 1989

Yazawa, K.; Y. Mikami, A. MAEDA, M. AKAO, N.
MoRIsAKI & S. IWASAKI: Inactivation of rifampin by
Nocardia brasiliensis. Antimicrob. Agents Chemother.
37:1313~1317, 1993

Yazawa, K.; Y. MikaMI, A. MAEDA, N. MORISAKI & S.
IwasAKI: Phosphorylative inactivation of rifampicin by
Nocardia oftitidiscaviarum. J. Antimicrob. Chemother.
33: 1127~1135, 1994

Yazawa, K.; Y. Mikami, A. MAEDA, T. SAKAMOTO, Y.
UEeNO, N. Morisakl, S. Iwasakli & K. FURIHATA:
Inactivation of the macrolide antibiotics erythromycin,
midecamycin, and rokitamycin by pathogenic Nocardia
species.  Antimicrob. = Agents  Chemother.  38:
2197~2199, 1994

Morisakl, N.; S. IWASAKI, K. FURIHATA, K. YAZAWA & Y.
Mikamr:  Structural elucidation of  rokitamycin,
midecamycin and erythromycin metabolites formed by
pathogenic Nocardia. Mag. Res. Chem. 33: 481~489,
1995

HARADA, K.-1.; K. TomiTa, K. Fuill, N. SAto, H. UCHIDA,



VOL. 57 NO.2

31)

K. Yazawa & Y. Mikamr: Inactivation of fusidic acid by
pathogenic Nocardia. J. Antibiotics 52: 335~339, 1999

Miyapo, M.: Identification procedure at the genus level.
In Identification Manual of Actiomycetes. pp. 9~19,
Ed., S. Mivapo, M. Hamapa, K. Horta, T. Kupo, A.
SEINO, K. Suzuki & A. YOKoTA, Business Center for

THE JOURNAL OF ANTIBIOTICS

32)

135

Academic Societies Japan, Tokyo, 2001

GorDON R. E.; D. A. BARNETT, J. E. HANDERHAM & C.
H. N. PANG: Nocardia coeliaca, Nocardia autotrophica,
and the nocardin strain. Int. J. Syst. Bacteriol. 24:
54~63, 1974



