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FR227244 is a novel triterpene glycoside that exhibits in vitro antifungal activity against
filamentous fungi such as Aspergillus sp. and Trichophyton sp. and yeast such as Candida utilis
and Candida parapsilosis but shows low activity against Candida albicans, Candida krusei and
Candida tropicalis. Specifically, FR227244 exhibits in vitro and in vivo antifungal activity
against Aspergillus fumigatus. The minimum effective concentration (MEC) of FR227244
against A. fumigatus FP1305 in a micro-broth dilution test was 0.031 ug/ml. FR227244 showed
good efficacy by subcutaneous injection and oral administration against 4. fumigatus in a
murine systemic infection model, with EDy;s of 1.9 and 18 mg/kg, respectively. FR227244
inhibited glucan synthesis in a 1,3-B-glucan synthase assay weakly and in whole cells strongly,
but did not effect other macromolecule synthesis, including protein, nucleic acids, mannan and
chitin. These results and the effect on hyphal morphology of A. fumigatus suggested that
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FR227244 showed antifungal activity based on inhibition of glucan synthesis.

In the previous paper”, we described a novel antifungal
antibiotic FR227244 as a fungal metabolite that showed
characteristic changes in hyphal morphology of Aspergillus
fumigatus, similar to FR901379, which inhibits cell wall
synthesis based on inhibition of 1,3-3-glucan synthase*™.

The fungal cell wall, which is composed of glucan, chitin
and mannan, is an essential structure for fungi and is not
present in mammalian cells. It is expected to be a suitable
target for antifungal agents and to fulfill the criteria for a
safe drug. Therefore, we have been focused on the search
for cell wall synthesis inhibitors from natural products, and
discovered FR901379, FR901469°~® and FR227244. The
effect of FR227244 against A. fumigatus was similar to
those of FR901379 and FR901469. ONIsHI et al. reported
that some acidic terpenoids, arundifungin® and ergokonin
A9 and some triterpene glycosides, ascosteroside!"'? and
enfumafungin'®'¥, are 1,3-B-glucan synthase inhibitors'®.

However, it is not clear whether FR227244 inhibits fungal
cell wall component synthesis in the same way.

Fig. 1. Structure of FR227244.
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In this work, we carried out biochemical studies on the
mode of action and in vitro and in vivo antifungal activity
of FR227244. Based on these studies, the potential of
FR227244 as a candidate lead compound for new
antifungal therapeutic agents was evaluated.

Materials and Methods

Compounds

FR901379%, FR901469° and nikkomycin X were
purified in Fujisawa Pharmaceutical Co., Ltd. Nikkomycin
Z was obtained from Calbiochem®. Amphotericin B and
5-fluorocytosine (5-FC) were purchased from Sigma.
Cycloheximide was from Nacalai tesque Inc., while
terbinafine was from Tokyo Kasei.

In Vitro Antifungal Activity

Antifungal activity was measured by microbroth dilution
method assay using 96-well titer plates. Each inoculum was
prepared as follows. The Candida cultures were incubated
in yeast - maltose (YM) broth medium for 20 hours at 37°C
in standing conditions. The culture of Cryptococcus
neoformans was grown in YM broth medium for 20 hours
at 30°C with shaking. The cell suspension was prepared by
washing the cultured cells with sterile saline. The
filamentous fungi were cultured on YM agar slant for
7 days. The spores were harvested in sterile saline, and
filtered through gauze. Finally, fungal cells or spores were
resuspended in yeast nitrogen base-dextrose (YNBD)
medium for inoculation. Test compounds were dissolved in
methanol and diluted serially two-fold with YNBD. The
test microorganisms were inoculated to each well to yield
1X10*cfu/well in 100 ul. The plates were incubated for
16hours at 37°C (Candida sp. and Aspergillus sp.),
48 hours at 37°C (C. neoformans, Aspergillus terreus and
furfur), 48hours at 32°C (Candida
parapsilosis), 72hours at 37°C (Trichophyton sp.) or

Malassezia

24 hours at 30°C (Mucor racemousus). Minimum effective
concentration (MEC) was determined by microscopic

observation.

In Vivo Antifungal Activities of FR227244 against
A. fumigatus in Murine Infection Models

The in vivo anti-Aspergillus activities were evaluated in
murine models of systemic infection. 4. fumigatus FP1305,
which is a clinical isolate in the Fujisawa culture collection,
was used in these studies. For anti-Aspergillus activity, the
inoculum was prepared from a seven-day old culture of YM
agar slant. ICR mice (female, four weeks old), were
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administered cyclophosphamide (200 mg/kg) intraperitone-
ally for 4 days before challenge, and then were
intravenously injected with 1X10° spores of the fungus.
Five mice were used in each group. Test compounds were
dissolved in 10% HCO-60/saline, saline, or sterile water in
each experiment, and administered orally or subcutaneously
one hour after challenge and once a day for three
consecutive days. The EDy, was determined on the day
when all control mice (vehicle only) died.

Membrane Fraction Preparations of Candida albicans

and A. fumigatus
Membrane fraction preparations of C. albicans were
conducted according to the method described by
SAWISTOWSKA-SCHRODER et al.'® with some modifications.
Briefly, yeast cells of C. albicans FP633 were grown to
logarithmic phase (absorbance at 660nm; 0.42) in yeast
nitrogen base - dextrose (YNBD) medium at 30°C with
shaking. The cells were harvested by centrifugation,
washed and suspended in ice-cold buffer A (50mm Tris-
HCI (pH 7.5), 1mmM B-mercaptoethanol, 1M sucrose and
25 um GTP). The cells were sonicated with 0.4 mm i.d.
glass beads by a sonicator. The glass beads were then
washed with ice-cold buffer B (buffer A without sucrose),
and the cell debris was removed by centrifugation. The
supernatant fluids were centrifuged at 100,000Xg for
45 minutes at 4°C. The pellet was washed with buffer B,
resuspended in buffer C (buffer B - glycerol, 2:1) at 10 mg
protein/ml and stored at —80°C as a source of enzyme.
Membrane fraction preparation of A4. fumigatus was
carried out as follows. 4. fumigatus FP1305 was cultured
on potato dextrose agar slant for 7 days at 30°C. The spores
were harvested gently in sterile saline containing 0.1%
Tween80, and filtered through gauze. Fungal spores were
inoculated into 1liter of YM medium to be find
concentration of 2X10% spores. The culture broth was
incubated under shaking conditions (100 rpm) for 16 hours
at 30°C. The cells were filtered by Miracloth®
(Calbiochem) and washed and suspended in ice-cold
extraction buffer (50 mm HEPES (pH 7.5), 1mm EDTA,
ImMm DTT, 10% glycerol, 1ug/ml aprotinin, 1mwm
phenylmethylsulfonylfluoride, 5 pg/ml leupeptin and 10 um
GTP-7-S). The cells were sonicated with 0.4 mm i.d. glass
beads by a sonicator. The glass beads and the cell debris
were removed by centrifugation. The supernatant fluids
were centrifuged at 100,000Xg for 60 minutes at 4°C. The
pellet was resuspended in storage buffer (50 mm HEPES
(pH 7.5), 1 mm EDTA, 1 mm DTT and 20% glycerol) and
homogenized with a

Dounce homogenizer. The

homogenized sample was stored at —80°C as a source of
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enzyme.

Glucan Synthase Assay

Glucan synthase assay procedures for C. albicans were
conducted according to the method described by

19 with some modifications.

SAWISTOWSKA-SCHRODER et al.
Two and a half ul of test compound solution or vehicle was
incubated with 25 ul of reaction mixture (50 mMm Tris-HCI
(pH 8.0), 0.8% BSA, 0.1mm GTP, 0.1% CHAPS, 0.05%
Tween80 and the particulate enzyme (40 ug protein)) for
15 minutes at room temperature. After the incubation, 25 ul
of UDP-[U-"*C]glucose (0.35 uCi/ml, 1 mm) was added to
the reaction vessel to react for 60minutes at room
temperature. The reaction was terminated by addition of
100 ul ice-cold 10% trichloroacetic acid (TCA) and
allowed to stand on ice. The resultant precipitate was
dissolved with 1 N NaOH. After neutralization, radioactivity
was counted with a toluene scintillator.

Glucan synthase assay for A. fumigatus was carried out
as follows. Five ul of test compound solution or vehicle
was incubated with 50 ul of reaction buffer (50 mm Tris-
HCI (pH 7.5), 10% glycerol, 1.5% BSA, 25mm KF, 1 mm
EDTA and 10um GTP-y-S) and 35ul of particulate
enzyme solution (20 ug protein) for 15minutes at room
temperature. After incubation, 10 ul of substrate solution
(UDP-[U-"*C]glucose (0.35 uCi/ml, 1 mm), 0.8mm UDP-
glucose and 1 U o-amylase) was added to the reaction
vessel to react for 60 minutes at room temperature. The
reaction was terminated by addition of 100 ul ice-cold 30%
TCA and allowed to stand on ice. The resultant precipitate
was washed with ice-cold 30% TCA and dissolved with I N
NaOH. After neutralization, radioactivity was counted with
a toluene scintillator.

Chitin Synthase Assay

The chitin synthase assays for C. albicans and
A. fumigatus were carried out according to the method
described by SELITRENNIKOFF et al'”? with some
modifications. Membrane fractions of C. albicans or
A. fumigatus were incubated with 1/100 protein amount of
trypsine in 0.1 M Tris-HCI buffer (pH 7.5) for 10 minutes at
room temperature. After incubation, 1/50 protein amount of
trypsine inhibitor was added, and incubated on ice for
5 minutes. Trypsine-treated membrane fraction was used as
the enzyme in the chitin synthase assay.

Two and a half ul of test compound solution or vehicle
was incubated with 10 ul of enzyme solution and reaction
buffer (100mM MES (pH 6.5)-20mm MgCl,-6H,0 for
chitin synthase 1 (CHS I) or 100mm Tris-HCI (pH 8.0) -
10mM Co(OAc),-4H,0 for chitin synthase II (CHS II)
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assay) for 10 minutes at room temperature. After
incubation, 25 ul of substrate solution (N-acetyl-[1-'"C]
glucosamine (0.35 uCi/ml, 1mm), 0.6mg/ml UDP-N-
acetylglucosamine and 177mg/ml N-acetylglucosamine)
was added to the reaction vessel to react for 60 minutes at
room temperature. The reaction was terminated by addition
of 100 ul ice-cold 10% TCA. The resultant precipitation
was washed with 10% ice-cold 10% TCA twice and
dissolved with 1 N NaOH. After neutralization, radioactivity
was counted with a toluene scintillator.

Whole Cell Macromolecular Synthesis Assay of
C. albicans and Candida utilis
The effects of FR227244 on macromolecular synthesis

were evaluated by pulse-labeling the cells with radioactive
precursors of specific macromolecules. Whole cell
macromolecular synthesis assay procedures for C. albicans
and C. utilis were conducted according to the method
described by YAMAGUCHI et al.'® with some modifications.
Exponentially growing cells of C. albicans FP633 and
C. utilis YC123 were harvested by centrifugation and
resuspended in a medium containing 0.4% glucose and
0.2% yeast extract supplemented with 0.8 M sorbitol as
osmotic stabilizer (GYS medium). An experimental cell
suspension was prepared to give approximately 0.7 of
absorbance at 660 nm. Methods used for the incorporation
of specific precursors were as follows:

(a) Leucine (protein synthesis): The reaction mixture
contained per ml: 0.85ml cell suspension, 20 ul antibiotic
solution and 20 ul methanol or sterile water. After
incubation for 20 minutes at 37°C, 100 ul of 4 uCi/ml L-
[4,5-*H]leucine and 10 ul of 1.31mg/ml cold L-leucine
were added. The reaction tubes were incubated at 37°C
with shaking for 60 minutes. Reaction was terminated by
addition of 1 volume of 10% TCA and heated at 90°C for
15 minutes. The insoluble material was collected on glass-
fiber filters (Whatman, GF/C), washed with 5% TCA and
dried. The dried filters were counted for radioactivity with a
toluene scintillator.

(b) Adenine (nucleic acid synthesis): The reaction
mixture contained per ml: 0.91ml cell suspension, 20 ul
antibiotic solution and 20 yl methanol or sterile water.
After incubation for 20 minutes at 37°C, 40 ul of 4 uCi/ml
[8-*H]adenine and 10 ul of 2mg/ml cold adenine sulfate
were added. The reaction tubes were incubated at 37°C
with shaking for 60 minutes. Reaction was terminated by
addition of 1 volume of ice-cold 10% TCA. The cold TCA-
insoluble material were collected on glass-fiber filters
(Whatman, GF/C), washed with 5% TCA and dried. The
dried filters were counted for radioactivity with a toluene
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scintillator.

(¢) Glucose (glucan, chitin and mannan synthesis): The
reaction mixture contained per ml: 0.92 ml cell suspension,
20 p1 antibiotic solution and 20 ul methanol or sterile water.
After incubation for 20 minutes at 37°C, 40 ul of 4 uCi/ml
p-[U-"*Clglucose or 40 ul of 4 uCi/ml N-acetyl-[1-'*C]
glucosamine were added. The reaction tubes were
incubated at 37°C with shaking for 90 minutes. Reaction
was terminated by centrifugation of the reaction mixture,
removed supernatant, addition of 1 volume of ice-cold 10%
TCA and standing at 5°C for 10 minutes. The cold-TCA
insoluble material were extracted with 30% KOH at 100°C
for 30minutes. The alkali-insoluble and alkali-soluble
extracts were separated by centrifugation. A copper sulfate
Fehling’s solution was added to the alkaline soluble extract
to precipitate the mannan'?. These precipitates were
collected on glass-fiber filters (Whatman, GF/C), washed
with 2N acetic acid and dried. The dried filters were
counted for radioactivity with a toluene scintillator. The
alkaline insoluble materials were extracted with 2N acetic
acid at 100°C for 30 minutes. The acid insoluble materials,
which contained glucan and chitin'®, were collected on
glass-fiber filters (Whatman, GF/C), washed with 2 N acetic
acid and dried. The dried filters were counted for

radioactivity with a toluene scintillator.

Whole Cell Macromolecular Synthesis Assay of

A. fumigatus

A. fumigatus FP1305 was cultured on YM agar slant for
7 days. The spores were harvested in sterile saline, and
filtered through gauze. The fungal spores were resuspended
in GYS medium to 1X10%ml in the reaction tubes.
Reaction tubes were incubated at 33°C for 13.5hours
without shaking. Methods used for the incorporation of
specific precursors were as follows:

(a) Leucine (protein synthesis): The reaction mixture
contained per ml: 940 ul cell suspension, 20 yl antibiotic
solution and 20 ul methanol or sterile water. After
incubation for 20 minutes at 33°C, 10ul of 40 uCi/ml
L-[4,5-*H]leucine and 10 ul of 1.31 mg/ml cold L-leucine
were added. The reaction tubes were incubated at 33°C
without shaking for 4 hours. Reaction was terminated by
addition of 1ml of 10% TCA and heated at 90°C for
15 minutes. The subsequent procedures were the same as
for Candida.

(b) Glucose (glucan synthesis): The reaction mixture
contained per ml: 922.5 ul cell suspension, 20 ul antibiotic
solution and 20 ul methanol or sterile water. After
incubation for 20 minutes at 33°C, 37.5 ul of 40 uCi/ml
D-[U-"*C]glucose were added. The reaction tubes were
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incubated at 33°C with shaking for 4 hours. Reaction was
terminated by centrifugation of the reaction mixture,
removed supernatant, addition of 1ml of ice-cold 10%
TCA and left at 5°C for 10minutes. The subsequent
procedures were the same as for Candida.

(¢) Glucose (chitin synthesis): The reaction mixture
contained per ml: 952.5 ul cell suspension, 20 ul antibiotic
solution and 20 ul methanol or sterile water. After
incubation for 20 minutes at 33°C, 7.5 ul of 4 uCi/ml N-
acetyl-[1-'*C]glucosamine were added. The reaction tubes
were incubated at 33°C with shaking for 4 hours. Reaction
was terminated by centrifugation of the reaction mixture,
removed supernatant, addition of 1ml of ice-cold 10%
TCA and left at 5°C for 10minutes. The subsequent
procedures were the same as for Candida.

Results

In Vitro Antifungal Activity

Table 1 shows the antifungal spectra of FR227244 and
other antifungal agents against various yeast-like and
filamentous fungi. FR227244 has potent activity against a
variety of fungal species, especially Aspergillus species and
Trichophyton species. FR227244 has weak activity against
Candida species, except for C. utilis and C. parapsilosis.
However, FR227244 was inactive against C. albicans
FP633, C. neoformans YC203, M. furfur 12001 and
IFO0657, M. racemoses F588, Fusarium graminearum
F0497 and Fusarium merismoides F0501.

In Vivo Antifungal Activities of FR227244 against
A. fumigatus in Murine Infection Models

The protective efficacy of FR227244 administered
subcutaneously and orally against murine systemic
infection with 4. fumigatus was examined. The ED5, values
for FR227244 in experiment 1 (subcutaneous injection) and
experiment 2 (oral administration) on the day when all
control mice died were 19mg/kg and 18mg/kg,
respectively. As shown in Table 2, FR227244 was inferior
to FR901469, but FR227244 significantly prolonged the
survival of infected mice by oral administration. FR901469
and FR901379, which is an echinocandin-like lipopeptide,
were inactive by oral administration in this model. Survival
curves for the in vivo aspergillosis model are shown in
Fig. 2.
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Table 1. [In vitro antifungal activities of FR227244 and other compounds by the microbroth dilution method.

Test organism MEC (yg/ml)
FR227244 Amphotericin B Terbinafine

Candida albicans FP633 >50 0.20 3.1
Candida albicans FP629 3.1 0.39 3.1
Candida albicans FP1830 6.3 0.39 3.1
Candida albicans 6406 6.3 0.20 3.1
Candida krusei YC109 25 3.1 25
Candida utilis YC123 0.39 0.20 0.39
Candida tropicalis IFO0006 16 0.39 1.6
Candida prapsilosis OUT6016 0.78 0.78 6.3
Cryptococcus neoformans YC203 >50 1.6 6.3
Aspergillus fumigatus FP1305 0.031 0.63 0.31
Aspergillus fumigatus 8004 0.031 0.16 0.31
Aspergillus fumigatus F163 0.039 0.16 0.31
Aspergillus fumigatus FD-050 0.063 0.31 0.31
Aspergillus fumigatus S-43 0.039 0.16 0.31
Aspergillus nidurans F50 0.13 0.16 0.039
Aspergillus flavuss ATCC9643 0.13 1.3 0.039
Aspergillus terreus IFO6123 0.039 1.3 0.078
Aspergillus niger ATCC9642 13 0.20 0.10
Trichophyton mentagrophytes TIMM1189 0.039 0.078 0.0050
Trichophyton mentagrophytes FP602 0.063 0.010 0.0050
Trichophyton rubrum FP596 0.063 0.039 0.0050
Trichophyton interdigitate FP595 0.063 0.039 0.0050
Malassezia furfur 12001 >50 25 3.1
Malassezia furfur IFO0657 >50 25 0.10
Mucor racemoses F588 >50 0.78 25
Fusarium graminearum F0497 >50 0.050 13
Fusarium merismoides F0501 >50 0.050 6.3

Table 2. In vivo antifungal activities of FR227244 and FR901469 against A. fumigatus

in a murine infection model.

Compound administration route EDj, (mg/kg)?
FR227244 SCY 19
FR227244 POY 18
FR901469 sc? 0.13

% subcutaneous injection

® oral administration

9 EDs, was calculated based on the survival rate on the day when all control mice died.

Glucan Synthase and Chitin Synthase Inhibitory Activity

FR227244 inhibited 1,3-B-glucan synthase prepared
from A. fumigatus FP1305 with an IC,, value of
4.04 pg/ml, but did not inhibit the synthase prepared from
C. albicans FP633 (Table 3). FR901469, which is 1,3--
glucan synthase inhibitor, inhibits 1,3-8-glucan synthase
from A. fumigatus FP1305 and C. albicans FP633 with ICs,
values of 0.22 ug/ml and 0.63 pg/ml, respectively (Table 3).

FR227244 did not inhibit chitin synthase I and II

prepared from A. fumigatus FP1305 and C. albicans FP633
(Table 3). Nikkomycin, which is potent chitin synthase I

inhibitor, inhibit chitin synthase [ from A. fumigatus
FP1305 and C. albicans FP633 with an IC,, value of
3.88 ug/ml and 0.039 ug/ml, respectively (Table 3).
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Fig. 2. Antifungal activities of FR227244 against A. fumigatus in a murine infection model.
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Table 3. Inhibitory activity of FR227244 and other compounds on 1,3--glucan synthase, chitin synthase and
mannan synthase prepared from C. albicans and A. fumigatus.

(a) Candida albicans FP633

IC50 (/4 g/ml) MEC (1 g/ml)
glucan chitin chitin mannan antifungal activity
synthase synthase I synthase II synthase (YNBD medium)
FR227244 >50 >50 >50 >50 >50
FR901469 0.63 NT NT NT 0.63
Nikkomycin Z NT 0.039 27.9 NT 0.20

NT; not tested
(b) Aspergillus fumigatus FP1305

IC50 (1 g/ml) MEC (4 g/ml)
glucan chitin chitin mannan antifungal activity
synthase  synthase I synthase II synthase (YNBD medium)
FR227244 4.04 >250 >250 NT 0.078
FR901469 0.22 NT NT NT 0.156
Nikkomycin Z NT 3.88 9.13 NT 25

NT; not tested

A. fumigatus, C. albicans and C. utilis in GYS medium
containing 0.8 M sorbitol to protect cells from lysis, were
explored by determination of the counts taken up of specific
radioactive precursors. FR227244 inhibited incorporation

of D-[U-""C]glucose into glucan of A. fumigatus and

Effect on Incorporation of Several Specific Radioactive
Precursors into Major Cellular Composition

Effects of FR227244 on the synthesis of macromolecules
and cell wall polysaccharides in growing cells of
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Fig. 3. Effect of FR227244 on incorporation of radioactive precursors into macromolecules
in growing cells of C. albicans and A. fumigatus.
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Fig. 4. Effect of FR227244 on incorporation of radioactive precursors into macromolecules
in growing cells of C. utilis.
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C. utilis (Figs. 3 and 4), but did not inhibit incorporation
into C. albicans glucan (Fig. 3). Incorporation of other
radioactive precursors was not inhibited (Figs. 3 and 4).

Discussion

In this study, the in vitro and in vivo antifungal activities
and mode of action of FR227244 were evaluated. The
results of in vitro studies indicated that FR227244 had
potent anti-Aspergillus and anti-Trichophyton activity
(Table 1). These results suggest that FR227244 may be a
drug for chemotherapy of not only disseminated mycoses
but also superficial mycoses.

FR227244 showed good efficacy in systemic infection
models in mice infected with clinically relevant A.
Sfumigatus (Fig. 2). However, the EDy, value of FR227244
was 10times higher than that of FR901469 in the mouse
model  of  systemic  aspergillosis  administered
subcutaneously (Table 2), FR227244 showed efficacy when
administered orally (ED;, value: 18 mg/kg). These results
suggest that FR227244 may have advantages over
echinocandin-like lipopeptides, which are not oral drugs,
and fluconazole having weak activity against 4. fumigatus
in the therapy of aspergillosis in immunocompromised
patients.

OnNisHI et al. showed that acidic terpenoids
(arundifungin® and ergokonin A!”) and triterpene
glycoside (enfumafungin'''? and ascosteroside'*'?) were
1,3-B-glucan synthase inhibitor'®. We also isolated
ergokonin A, and its in vivo antifungal activities were
evaluated in a murine model of systemic infection,
however, ergokonin A did not show protective efficacy
when administered subcutaneously at 32 mg/kg (data not
shown). It has also been reported that arundifungin is not
effective in a model of disseminated candidiasis when
administered daily at up to 50 mg/kg (IP, t.i.d. X 1 day)”, and
enfumafungin yielded an ED,, of 90mgkg'”. Our
experiments indicate that FR227244 inhibits the glucan
synthesis and selectively inhibited fungal cell wall glucan
assembly at their MECs (Figs. 3 and 4). FR227244 did not
inhibit cell wall glucan assembly in C. albicans FP633
whose growth was not effected by FR227244 (Fig. 3).
FR227244 also inhibited glucan synthase of A. fumigatus
selectively, but the ICs,, value for glucan synthase inhibition
(4.04 pg/ml) is higher than MEC (0.031 ug/ml) against A.
Sfumigatus (Table 3). Theoretically, the IC,, value for an
inhibitor with a single mode of action for the target enzyme
should be lower or the same as the concentration needed to
inhibit growth (MEC). In nature, there are many kinds of
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terpenoid compounds, and these compounds have diverse
biological activities. Therefore, we cannot conclude that
FR227244 is a specific inhibitor of 1,3-f-glucan synthase.

In conclusion, further evaluation of FR227244 suggests
that it may be a candidate lead compound for new
antifungal agents which are orally absorbed and which
inhibit fungal cell wall synthesis. We plan to explore
FR227244-derived compounds as more effective and safer
antifungal agents in subsequent work.

Acknowledgment

We are grateful to Dr. DAvID BARRETT, Medicinal Chemistry
Research Laboratories, Fujisawa Pharmaceutical Co., Ltd.,
Osaka, Japan for assistance in the preparation of this
manuscript.

References

1) KoBavasHi, M.; R. KaNnasaki, M. EzAki, K. SAKAMOTO,
S. TAKASE, A. Fullg, M. HINO & Y. Hori: FR227244, a
novel antifungal antibiotic from Myrothecium cinctum
No. 002. I. Taxonomy, fermentation, isolation and
physico-chemical properties. J. Antibiotics 57: 780~787,
2004

2) Iwamoro, T.; A. Fung, K. SAkamoto, Y. TSurumi, N.
SHIGEMATSU, M. YAMASHITA, S. HAasHIMOTO, M.
OKUHARA & M. KoHsakA: WF11899A, B, and C, novel
antifungal lipopeptides. 1. Taxonomy, fermentation,
isolation and physico-chemical properties. J. Antibiotics
47:1084~1091, 1994

3) Iwamoro, T.; A. Fusie, K. Nit1a, S. HAsHIMOTO, M.
OKUHARA & M. KoHsaka: WF11899A, B, and C, novel
antifungal lipopeptides. II. Biological properties. J.
Antibiotics 47: 1092~1097, 1994

4) Iwamorto, T.; K. SAkaMOTO, M. YAMASHITA, M. EzZAKI, S.
HasHimMoto, T. FURUTA, M. OKUHARA & M. KOHSAKA:
FR901379, A novel antifungal antibiotic. Proc. 33rd
ICAAC, Abstr. No. F371, New Orleans, LA, Oct.
17~20, 1993

5) BARRETT, D.: From natural products to clinically useful
antifungals. Biochim. Biophys. Acta 1587: 224~233,
2002

6) Fuiig, A.; T. Imamoto, H. MURAMATSU, T. OKUDAIRA, K.
NitTA, T. NAKANISHI, K. SAKAMOTO, Y. HORI, M. HINO,
S. HasHiMOTO & M. OKUHARA: FR901469, a novel
antifungal antibiotic from an unidentified fungus No.
11243. 1. Taxonomy, fermentation, isolation, physico-
chemical properties and biological properties. .
Antibiotics 53: 912~919, 2000

7) Fuig, A.; T. Iwamoto, H. MURAMATSU, T. OKUDAIRA, I.
Saro, T. Furuta, Y. Tsurumi, Y. Hori, M. HiNo, S.
HasHiMOTO & M. OKUHARA: FR901469, a novel
antifungal antibiotic from an unidentified fungus
No.11243. 11. In vitro and in vivo activities. J. Antibiotics
53:920~927, 2000

8) Fuig, A.; H. MuramMATSU, S. YOSHIMURA, M.
HasHIMOTO, N. SHIGEMATSU & S. TAKASE: FR901469, a
novel antifungal antibiotic from an unidentified fungus



796

9)

10)

11)

12)

THE JOURNAL OF ANTIBIOTICS

No.11243. III. Structure determination. J. Antibiotics 54:
588~594, 2001

CABELLO M. A.; G. PLaTAS, J. CoLLaDO, M. T. Diez, 1.
MARTIN, F. VICENTE, M. MEINz, J. C. OnisHi, C.
DoucLas, J. THoMmPsoN, M. B. Kurtz, R. E. SCHWARTZ,
G. F BiLLs, R. A. GiacoBBg, G. K. ABrRuzzo, A. M.
FLATTERT, L. KONG & F. PELAEZ: Arundifungin, a novel
antifungal compound produced by fungi: biological
activity and taxonomy of the producing organisms. Int.
Microbiol. 4: 93~102, 2001

VICENTE, M. F,; A. CABELLO, G. PLATAS, A. BASILIO, M.
T. Diez, S. DREIKORN, R. A. GIACOBBE, J. C. ONIsHI, M.
MEINz, M. B. Kurtz, M. ROSENBACH, J. THOMPSON, G.
ABRUZZO, A. FLATTERY, A. TSiPOURAS, K. E. WILSON &
F. PELAEZ: Antimicrobial activity of ergokonin A from
Trichoderma longibrachiatum. J. Appl. Microbiol. 49:
806~813, 2001

PeLAEZ, F; A. CaBELLO, G. PrLatas, M. T. Diez, A.
GONZALEZ DEL VAL, A. BAsILIO, I. MARTAN, F. VICENTE,
G. F. BiLLs, R. A. GiacoBBg, R. E. ScHwartz, J. C.
OnNisHI, M. S. MEINZ, G. K. ABRUZZO, A. M. FLATTERY,
L. KonG & M. B. Kurrz: The discovery of
enfumafungin, a novel antifungal compound produced
by an endophytic Hormonema species: biological
activity and taxonomy of the producing organisms.
System. Appl. Microbiol. 23: 333~343, 2000

Scawartz, R. E.; S. K. SmiTH, J. C. ONISHI, M. MEINZ,
M. B. Kurtz, R. A. GiaccoBBg, K. E. WILSON, J. M.
LiescH, D. L. ZiNnk, W. HORN, S. MoORRIS, A. CABELLO &
F. VICENTE: The isolation and structural determination of
enfumafungin, a triterpene glycoside antifungal agent
from the fermentation of a Hormonema sp. J. Am. Chem.
Soc. 122: 4882~4886, 2000

13)

14)

15)

16)

17)

18)

19)

DEC. 2004

GORMAN, J. A.; L-P. CHANG, J. CLARK, D. R. GUSTAVSON,
K. S. Lam, S. W. MAMBER, D. PIrRNIK, C. Ricca, P. B.
FERNANDES & J. O’SULLIVAN: Ascosteroside, a new
antifungal agent from Ascotricha amphitricha. 1.
Taxonomy, fermentation and biological activities. J.
Antibiotics 49: 547~552, 1996

LEeeT, J. E; S. Huang, S. E. KLoHR & K. D. MCBRIEN:
Ascosteroside, a new antifungal agent from Ascotricha
amphitricha. 11. Isolation and structure elucidation. J.
Antibiotics 49: 553~559, 1996

ONisHI, J.; M. MEINz, J, THompsoN, J. CurottO, S.
DREIKORN, M. ROSENBACH, C. DouGLAS, G. ABRUZZO, A.
FLATTERY, L. KONG, A. CABELLO, F. VICENTE, F. PELAEZ,
M. T. Diez, I. MARTIN, G. BILLS, R. GIACOBBE, A.
DoMBROWSKI, R. SCHWARTZ, S. MORRIS, G. HARRIS, A.
Tsipouras, K. WiLsoNn & M. B. Kurtz: Discovery of
novel antifungal (1,3)-B-D-glucan synthase inhibitors.
Antimicrob. Agents Chemother. 44: 368~377, 2000
SAWISTOWSKA-SCHRODER, E. T.; D. KERrRIDGE & H.
PERRY: Echinocandin inhibition of 1,3-B-D-glucan
synthase from Candida albicans. FEBS Lett. 173:
134~138, 1984

Tartr, C. S.; T. STARK & C. P. SELITRENNIKOFF:
Cilofungin (LY121019) inhibits Candida albicans (1-3)-
B-D-glucan  synthase activity. Antimicrob. Agents
Chemother. 32: 1901~1903, 1988

YaMAGuUCHI, H.; T. HIRATANI, K. IWATA & Y. YAMAMOTO:
Studies on the mechanism of antifungal action of
aculeacin A. J. Antibiotics 35: 210~219, 1982

CHUNG, C. W. & W. J. NICKERSON: Polysaccharide
synthesis in growing yeasts. J. Biol. Chem. 208:
395~406, 1954



