
VOL. 56 NO. 12, DEC. 2003 THE JOURNAL OF ANTIBIOTICS pp. 1024-1032

Arborcandins A, B, C, D, E and F, Novel 1,3-β-Glucan Synthase Inhibitors:

Physico-chemical Properties and Structure Elucidation
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Arborcandins A, B, C, D, E and F, which possess potent 1,3-β-glucan synthase inhibitory

activity, were isolated from the cultured broth of a filamentous fungus, strain SANK 17397. The

structures of arborcandins A, B, C, D, E and F were elucidated by a combination of NMR and

mass spectrometry, and established to be novel cyclic peptides containing uncommon amino

acid residues.

The incidence of invasive fungal infections has increased

in the past 20 years1,2). These infections are often life-

threatening and a major problem particularly in

immunocompromised patients3). The 1,3-β-glucan polymer,

an essential component of the fungal cell wall, is not

present in mammalian cells4-7). Therefore, 1,3-β-glucan

synthase is expected to be an ideal target for specific

fungicidal agents5). As described in a previous report, we

found that a filamentous fungus, strain SANK 17397,

produced novel antifungal antibiotics, arborcandins A, B,

C, D, E and F8). Arborcandins A, B, C, D, E and F possess

potent inhibitory activity against 1,3-β-glucan synthase

from Candida albicans and Aspergillus fumigatus, and also

possess growth inhibitory activity. In this paper, we report
the structure elucidation of arborcandins A, B, C, D, E and

F.

Results

Physico-chemical Properties

The physico-chemical properties of arborcandins A, B,

C, D, E and F are summarized in Table 1. The molecular

formulae of arborcandins A, B, C, D, E and F were

determined to be C57H101N13O18, C58H103N13O18,

C59H105N13O18, C59H103N13O18, C60H107N13O18 and

C61H109N13O18, respectively, by HRFAB-MS and NMR

spectral analysis (Table 2). The IR spectra of all

arborcandins showed the same absorption bands

corresponding to the hydroxyl groups at approximately

3310cm-1 and amide groups at approximately 1660cm-1

and 1540cm-1. The UV spectra of all arborcandins did not

show characteristic absorption.

Structure of Arborcandin C

The structure determination was mainly focused on

arborcandin C. The 1H and 13C NMR spectral data of

arborcandin C are summarized in Table 2. In the 1H NMR

spectrum of arborcandin C, signals from the multiple

amide groups (7.03-8.29ppm), hydroxyl groups (4.97-

5.51ppm) and α-methine of the amino acid residues

(4-5ppm) were observed. In the region of the alkyl group,
complex overlapping methylene or methyl proton signals

(1.2-1.3ppm) and some other methyl proton signals

(0.8-1.1ppm) were observed. Although ten carbon signals
overlapped in the 13C NMR spectrum, all fifty-nine carbons

could be classified by DEPT, HMQC and HMBC spectra

into thirteen carbonyl, thirteen methine, twenty-eight

methylene and five methyl carbons. According to these
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NMR data and the physico-chemical properties as well as

the degree of unsaturation, it was suggested that

arborcandin C belongs to the family of cyclic lipopeptide

antibiotics. Amino acid analysis of the hydrolyzed products

detected two moles of aspartic acid, two moles of threonine,

one mole of alanine, one mole of glycine and one mole of

β-alanine.

The structure of arborcandin C was elucidated by several

NMR techniques such as DQFCOSY, HMQC, HMBC and

ROESY, which accounted for the result of amino acid

analysis. The DQFCOSY spectrum revealed the intra-

residual spin system of each amino acid residue, and

suggested the presence of ten amino acid residues including

three uncommon amino acids. As shown in Fig. 1, HMBC

spectral analysis revealed that two moles of aspartic acid

detected in the amino acid analysis were derived from

asparagines and the structure of residue (d) to be

γ-hydroxyglutamine (γ-OH-Gln). Although the structures

of the remaining two uncommon amino acid residues

tentatively named Xaa-1 (g) and Xaa-2 (h) were not fully

clarified by NMR spectral analysis, partial structure of

positions 1 to 5 in Xaa-1 as shown in Fig. 1 was revealed by

the DQFCOSY and HMBC spectral analysis. In the same

way, partial structure of positions 1 to 4 in Xaa-2 was

assigned. Further structural analysis of Xaa-1 and Xaa-2 by

NMR was impossible because of the severe overlapping of

the methylene proton region. The connection of the ten

amino acid residues was determined by the ROESY

spectrum, which showed the correlation between each

amide proton and the α-methine proton of each

neighboring amino acid residue. Inter-residual long-range

correlation was observed in the HMBC spectrum (Fig. 1).

Further structure elucidation of Xaa-1 and Xaa-2 was

carried out by using mass spectral analysis combined with

chemical methods. FAB-MS analysis of the acid

hydrolysates of arborcandin C showed the protonated

molecules (M+H)+ from Xaa-1 and Xaa-2, with molecular

mass of m/z 260 and 288, and the molecular formula of

each amino acid was determined to be C14H29NO3 and

C16H33NO3 by the HRFAB-MS.

The assignment of Xaa-1 and Xaa-2 was carried out by

collisionally-activated dissociation (CAD) spectral analysis

of the protonated molecule (m/z 1284.7), based on the

amino acid sequence of arborcandin C determined by the

Table 1. Physico-chemical properties of arborcandins A, B, C, D, E and F.

* Symmetry ODS 4.6 x 150mm, Waters, CH3CN-H2O (50:50), 1.0ml/minute, UV 210nm
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NMR analysis. As shown in Fig. 3, the fragmentation

pattern of the CAD spectrum revealed that the molecular
formulae of Xaa-1 and Xaa-2 corresponded to C14H29NO3

and C16H33NO3, respectively, and the alkyl chain length of

each amino acid residue and the presence of a hydroxyl

group in Xaa-2 were clarified. Finally, the location of the
hydroxyl group in Xaa-2 was determined by CAD spectral

analysis with the acid hydrolysates of pyridinium

dichromate oxidized arborcandin C, according to the

method described by CHENG et al.9,10). The CAD spectrum

of the lithiated molecule [(M-H+2Li)+, m/z 298] derived

from the oxidized Xaa-2 is shown in Fig. 4. In the

spectrum, a typical charge-remote fragmentation pattern of

alkyl chains and the characteristic two product ions m/z 240

and 170, which indicate the position of the saturated

carbonyl9,10) in the oxidized Xaa-2, were observed.

Accordingly, the position of the hydroxyl group in Xaa-2

was determined to be position 10. The planar structure of

arborcandin C was thus elucidated as shown in Fig. 2.

Structures of Arborcandin C Related Compounds

The structural differences between arborcandin C and its

related compounds were identified from the structures of

the Xaa-1 and Xaa-2 residues by amino acid analysis and

NMR spectral analyses. To elucidate their structures, mass

spectral analysis of arborcandins A, B, D, E and F was

carried out in the same way as described above.

Consequently, the planar structures of arborcandins A, B,

D, E and F were elucidated as shown in Fig. 2.

Table 2. NMR spectral data of arborcandin C.

Spectra were recorded at 360 and 90MHz for 1H and 13C, respectively, in DMSO-d6.

Chemical shifts are given in ppm referenced to TMS at 0ppm for 1H and DMSO-d6 solvent signal at 39.5ppm for 13C.
*: not assigned due to overlapping signals
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Stereochemistry of Arborcandin C

The stereochemistry of each amino acid residue of

arborcandin C was determined by the advanced Marfey's

method11). Acid-hydrolyzed products of arborcandin C were

L-FDLA-derived, and analyzed by LC/MS. By comparing

each authentic amino acid standard, the chiralities of two

Asn, two Thr and Ala were determined to be D and L

configuration, D-allo and L configuration and D

configuration, respectively.

The configurations of the two Asn residues, Asn-1 and

Asn-2, were determined by selective reduction of Asn

residues in arborcandin C. Each of the two Asn residues of

arborcandin C was selectively converted to 2,4-

diaminobutyric acid (DAB), and the derivatives were

named arborcandin C-NH2-1 and -NH2-2. The converted

sites of arborcandin C-NH2-1 and -NH2-2 were determined

by CAD spectral analysis of the N-acetylated products, as

shown in Fig. 5. The converted sites of each derivative were

distinguished by the different m/z values of the product ions

in the spectra. The NH2-1 derivative gave product ions at

m/z 773 and m/z 431, whereas the NH2-2 derivative

generated the product ions at m/z 801 and m/z 358. These
results revealed that Asn-1 and Asn-2 were selectively

converted to DAB in NH2-1 and NH2-2, respectively.

Finally, the configurations of each remaining Asn residue

were determined by the advanced Marfey's method, and

Fig. 1. DQFCOSY, HMBC and ROESY correlations of arborcandin C.

Fig. 2. Structures of arborcandins.
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only L-Asp from NH2-1 and D-Asp from NH2-2 were

detected. These results revealed that the configurations of

Asn-1 and Asn-2 were D and L, respectively.

The configurations of the two Thr residues, Thr-1 and

Thr-2, were determined by the actual coupling constant

between the α-methine proton and β-methine proton of

each Thr residue and the NOE data. As shown in Fig. 6, the

observed coupling constant between the α-proton and

β-proton in Thr-1 and Thr-2 were 8.1Hz and 3.2Hz,

respectively. By applying the Karplus equation to these

Fig. 3. High-energy CAD spectrum obtained from the protonated molecule (m/z 1284) of arborcandin C.

Fig. 4. MS/MS analysis of the lithiated molecule (m/z 298) from the acid hydrolysate of pyridinium
dichromate oxidized arborcandin C.
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Fig. 5. Assignment of CAD-MS/MS fragments of N-acetylated arborcandin C-NH2-1 and -NH2-2.

Fig. 6. Conformational analysis of two threonine residues of arborcandin C by NMR spectral data.
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coupling constants, it was considered that the conformation

of the α-and β-methine protons in Thr-1 and Thr-2 were

anti and gauche, respectively. The NOE observed between

the amide proton and methyl proton, and between the α-

methine proton and methyl proton in Thr-2 well supported

this conformation. The isomer, which satisfied such

relationships in Thr-2 was only L-Thr but not D-allo-Thr.

Since the existence of one mole each of L-Thr and D-allo-

Thr was previously confirmed, the configuration of Thr-1

was inductively determined to be D-allo-Thr. The

stereochemistry of the residual asymmetric centers in γ-

OH-Gin, Xaa-1 and Xaa-2 remains to be determined.

Discussion

Several types of 1,3-β-glucan synthase inhibitors have

been identified, such as echinocandins, papulacandins,

enfumafungin, and FR901469/aerothricin312-14). Echinocan-

dins are cyclic hexapeptides with a lipophilic side chain.

Papulacandins are liposaccharides. Enfumafungin is an

acidic terpenoid. FR901469/aerothricin3 is a lipopep-

tidolactone.

In this study, the structures of arborcandins A, B, C, D, E

and F were elucidated, and established to be novel cyclic

peptides containing uncommon amino acid residues.

Although arborcandins are structurally different from these

km own 1,3-β-glucan synthase inhibitors, they have similar

structural features to known peptidic 1,3-β-glucan synthase

inhibitors from the point of view of a cyclic peptide with

lipophilic side chains. Furthermore, the differences among

the arborcandins are in the structure of the alkyl side

chains, which affect the biological activity of the

arborcandins8). It is reported that 1,3-β-glucan synthase is

composed of at least two membrane-localizing proteins, a

putative catalytic subunit and a regulatory subunit6,15,16),

and that targets of echinocandins and FR901469/

aerothricin3 are the putative catalytic subunit17,18).

Therefore, it is possible that the arborcandins may also

interact with the catalytic subunit of 1,3-β-glucan synthase

complex, and that the alkyl side chains are essential for

their interaction to the membrane localizing protein.

Further study to determine the target molecule of the

arborcandins might be helpful for understanding the

inhibition-targeting site of 1,3-β-glucan synthase.

Experimental

General Experimental Procedures

IR spectra were obtained on a JASCO FT/IR-8900

spectrometer. UV spectra were recorded on a Shimazu UV-

265FW spectrometer. NMR spectra were recorded on a

Bruker AMX360 spectrometer in DMSO-d6 solution.

Chemical shifts are given in ppm referenced to TMS at

0ppm for 1H and DMSO-d6 solvent signal at 39.5ppm for
13C The analytical HPLC of the arborcandins was per -

formed using an ODS column (Symmetry C18, 4.6×

150mm, Waters; CH3CN-H2O (50:50); 1.0ml/minute;

UV at 210nm).

Amino Acid Analysis

The compounds were completely hydrolyzed with 6N

HCl at 105℃ for 15 hours. The hydrolysates were

evaporated to dryness and dissolved in 0.5ml of 0.02N

HCl, and then 20μl of each was separately applied to a

HITACHI L-8500 Amino Acid Analyzer.

The absolute configurations of the amino acids were

determined by the advanced Marfey's method11). The

hydrolysates of arborcandin C, arborcandin C-NH2-1 or

-NH2-2 as described above were dissolved in water at the

final concentration of about 10mM. Then 10μl of 1M

sodium bicarbonate and 20μl of 1% L-FDLA( 1-fluoro-

2,4-dinitrophenyl-5-L-leucinamide) in acetone were added

to the 10μl aqueous solution, and incubated at 37℃. After

one-hour incubation, the reaction was terminated by the

addition of 10μl of 1N HCl. The reactant diluted with 50μl

of acetone was analyzed by LC/MS (Finnigan LCQ

spectrometer, in ESI positive ion mode) with an HPLC

column of Symmetry C18 (4.6×150mm, Waters; 20%-15

minutes-60% CH3CN/0.01% TFA aq., 0.5ml/minute; UV

at 340nm). The chiralities of the hydrolyzed products were

determined by comparing with each authentic amino acid

standard.

Pyridinium Dichromate Oxidization of Arborcandin C

Four-hundred milligrams of arborcandin C were

dissolved in 40ml of DMF and incubated with 7.5

equivalents (880mg) of pyridinium dichromate at room

temperature. After overnight incubation, the reaction was

terminated by the addition of 80ml of H2O, and the reactant

was desalted using an HP-20 column, and purified by

preparative HPLC (Pegasil ODS 20×150mm, Senshu

Scientific; CH3CN-H2O (55:45), 10ml/minute; UV at

210nm). The peak eluted at a retention time of 14.4

minutes was collected and concentrated in vacuo to yield

the powder of pyridinium dichromate oxidized arborcandin
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C (70.6mg).

Selective Reduction of Asn Residue

Two-hundred milligrams of arborcandin C was dissolved

in 20ml of DMF and incubated with five equivalents

(140mg) of cyanuric chloride at room temperature. After
the 15-minute incubation, the reaction was terminated by

the addition of 1.5ml of 2M sodium acetate aq., and the

reactant was desalted using an HP-20 column, and purified

by a preparative HPLC (Pegasil ODS 20×150mm, Senshu

Scientific; CH3CN-H2O (55:45), 10ml/minute; UV at

210nm). The peaks eluted at retention times of 12.5

minutes and 11.7 minutes were collected and concentrated

in vacuo to yield the powder of arborcandin C-CN-1

(7.6mg) and -CN-2 (6.9mg). Arborcandin C-CN-1 and
-CN-2 were determined to be the isomers, in which the

carbamoyl group in one of the two Asn residues is

differently converted to a cyano group [arborcandin C-CN-

1: m/z 1288.7489 (M+Na)+; arborcandin C-CN-2: m/z

1288. 7499 (M+Na)+]. Four milligrams each of

arborcandin C-CN-1 and -CN-2 were dissolved in 2ml of

MeOH and reduced with eight equivalents (6.0mg) of

CoCl2 6H2O and sixty equivalents (7.0mg) of NaBH4 at

room temperature. After 30-minute incubation, the reaction

was terminated by the addition of 0.1N HCl, and the

reactant was desalted using a Sep-Pak PS-2 column, and

purified by preparative HPLC (Pegasil ODS 20×150mm;

CH3CN-0.5% triethylamine-phosphate buffer, pH 3.2

(45:55), 10ml/minute; UV 210nm). The peaks eluted at
retention times of 12.6 minutes and 17.0 minutes were

collected, diluted with H2O, desalted using Sep-Pak PS-2,

and concentrated in vacuo to yield arborcandin C-NH2-1

(1.5mg) and -NH2-2 (2.3mg). Arborcandin C-NH2-1 and
-NH2-2 were determined to be derivatives in which one of

the two Asn residues is converted to 2,4-diaminobutyric

acid (DAB) [arborcandin C-NH2-1: m/z 1270.7985

(M+H)+; arborcandin C-NH2-2: m/z 1270.7976 (M+H)+].
Decrease of one mole of Asp in each acid hydrolysate

of arborcandin C-NH2-1 and -NH2-2, compared to

arborcandin C, was observed by amino acid analysis.

FAB-MS and FAB-MS/MS (Collisionally-Activated

Dissociation (CAD)) Experiments

FAB-MS and FAB-MS/MS (collisionally-activated

dissociation (CAD)) spectra were obtained using a JEOL

JMS-SX/SX 102A four-sector tandem mass spectrometer.

Xenon (6keV) was used for the FAB ionization. The mass

spectrometer was operated at an accelerating voltage of

10kV in the positive ion mode. CAD was accomplished via

the introduction of argon into the collision cell, which

was floated at 5kV, at a pressure sufficient to give

approximately 80% attenuation of the precursor ion beam.
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