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Tensyuic Acids, New Antibiotics Produced by Aspergillus niger FKI-2342
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Six new alkylitaconic acids, designated tensyuic acids A to F, were isolated from the culture broth of As-
pergillus niger FKI-2342 by solvent extraction, silica gel column chromatography and HPLC. Their structures
were elucidated by spectroscopic analysis including UV, NMR, and MS. They are all alkylitaconic acid deriva-
tives. Only tesyuic acid C showed moderate antimicrobial activity against Bacillus subtilis.

Key words

During the course of screening for new antibiotics, we re-
ported tensidoles A and B as the potentiators of miconazole
activity from the culture broth of Aspergillus niger FKI-
2342.Y Further investigation of the culture broth led to dis-
covery of new six compounds designated tensyuic acids A to
F. In this study, we describe the isolation, structure elucida-
tion and biological properties of tensyuic acids. All tensyuic
acids were found to be new alkylitaconic acid derivatives.

Experimental

General Experimental Procedures The strain FKI-2342 was isolated
from soil collected at Ooura Tensyudou, Nagasaki, Japan and was used for
production of tensyuic acids. Optical rotations were recorded with a DIP-
370 digital polarimeter (Jasco, Tokyo, Japan). FAB-MS spectrometry was
conducted on a JIMS-AXS05H spectrometer (Jeol, Tokyo, Japan). UV and IR
spectra were measured with a DU640 spectrophotometer (Beckman, Califor-
nia, U.S.A.) and an FT-210 Fourier transform infrared spectrometer (Horiba,
Kyoto, Japan). The various NMR spectra were measured with a MERCURY
plus 300 MHz spectrometer (Varian, California, U.S.A.).

Antimicrobial Activity Antimicrobial activity against 6 species of mi-
croorganisms was measured by the agar diffusion method using paper disks.
The microorganisms were as follows; Bacillus subtilis PCI 219, Micrococ-
cus luteus PCI 1001, Escherichia coli NIHJ, Xanthomonas oryzae KB 88,
Mucor racemosus 1IFO 4581 and Candida albicans ATCC 64548. Media for
microorganisms were as follows: Taiyo agar (Shimizu Syokuhin Kaisya
Ltd.) for the bacteria; a medium composed of 1.0% yeast extract and 0.8%
agar for fungi and yeasts. A paper disk (i.d. 6 mm, ADVANTEC) containing
25 or 50 ug of a sample was placed on an agar plate. Bacteria were incu-
bated at 37°C for 24 h. Yeasts and fungi were incubated at 27 °C for 24 h.
Antimicrobial activity was expressed as diameter (mm) of the inhibitory
zone.

Results

Isolation of Tensyuic Acids from the Culture Broth of
Aspergillus niger FKI1-2342 To the 6-d old culture broth
(201) was added acetone (201). After the acetone extracts
were filtered and concentrated, the resulting aqueous solution
was extracted with ethyl acetate (20 1). The ethyl acetate layer
was dried over Na,SO, and concentrated in vacuo to dryness
to yield an oily material (20.4 g). The material was dissolved
in a small volume of CHCL,, applied on a silica gel column
(80g, 3.4X18cm, 70—230 mesh, Merck), and eluted step-
wise with 100:0, 100:1,75:1,50:1,25:1,1:1,and 0:100
(v/v) of CHCl,—CH,;OH solvents (1000 ml each). The antimi-
crobial activity was observed in the 50 : 1 fraction, which was
concentrated to give a brown material (579.0 mg). The ma-
terial was purified by HPLC; ODS column (20X250 mm,
Pegasil, Senshu Sci. Co., Tokyo, Japan), a 50-min linear
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gradient from 20 to 55% CH;CN in 0.05% CF;COOH,
8.0ml/min, and UV at 210nm. Under the conditions, ten-
syuic acids A to F were eluted as peaks with retention times
of 28.0, 28.4, 35.2, 40.8, 42.0 and 24.0 min, respective-
ly (Fig. 2). Each peak was collected and concentrated to
yield tensyuic acids A (7.3mg), B (5.5mg), C (7.3mg), D
(15.0mg), E (3.8 mg) and F (6.8 mg) as pale yellow syrup.

Physico-chemical Properties Physico-chemical proper-
ties of tensyuic acids A to F are summarized in Table 1. Sim-
ilarity in their data indicated that they are structurally related.
All compounds showed the same absorptions at 201—
207 nm in the UV spectra. Their IR spectra showed absorp-
tions at 3482—3448 and 1737—1716cm ™', suggesting the
presence of hydroxyl acid groups.

Structural Elucidation Tensyuic Acid A: The molecu-
lar formula of tensyuic acid A was determined to be
C,1H,cO;4 on the basis of HR-FAB-MS measurement (Table
1). The C-NMR spectrum (in CDCl,) showed 11 resolved
signals, which were classified into two methyl carbons, three
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Fig. 1. Structures of Tensyuic Acids and Related Compounds
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methylene carbons, one sp? methylene carbon, one methine
carbon, one sp* quaternary carbon and three carbonyl car-
bons by analysis of DEPT spectra. The '"H-NMR spectrum
(in CDCl,) showed three methylene signals, one methine sig-
nal, one sp? methylene signal and two methyl signals. The
connectivity of proton and carbon atoms was established by
the *C—'"H HMQC spectrum as shown in Table 2. Analysis
of the 'H-'"H COSY and HMBC spectra revealed the partial
structure 1 (Fig. 3). The *C-"H long range couplings of %/
and *J observed in the HMBC experiments (Fig. 4) gave the
following linkages. 1) The cross peaks from 8-H, (& 5.88,
6.51) to C-1 (6 170.8)), C-2 (6 137.4) and C-3 (6 46.1),
from 3-H (§ 3.50) to C-1, C-2, C-8 (8 129.5) and C-9 (&
173.3), and from 5-H, (6 1.28) and 6-H, (6 2.34) to C-7 (o
173.7) supported the partial structure 1. 2) The cross peaks
from 10-H; (0 3.69) to C-9 and from 11-H, (8 3.66) to C-7
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Fig. 2. A Chromatographic Profile of Purification of Tensyuic Acids by
Preparative HPLC
Column, Senshu Pak PEGASIL ODS (20X250 mm); solvent, 50-min linear gradient

from 20 to 55% CH,CN in 0.05% CF,;COOH; detection, UV at 210nm; flow rate,
8.0 ml/min; sample, 10 mg of active materials dissolved in 10 ml of MeOH.
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showed that the partial structure I was linked to two O-
methyl moieties (Fig. 4). Furthermore, C-1 should be a free
carboxylic acid from the IR spectrum and the molecular for-
mula. Taken together, the structure of tensyuic acid A was
elucidated as shown in Fig. 1.

Tensyuic Acid B: The molecular formula (C,,H,;O,) of
tensyuic acid B was CH, bigger than that of tensyuic acid A
(Table 1). The *C-NMR spectrum (in CDCl,) showed 12 re-
solved signals, which were classified into one methyl carbon,
five methylene carbons, one sp? methylene carbon, one me-
thine carbon, one sp* quaternary carbon and three carbonyl
carbons by analysis of DEPT spectra. The "H-NMR spectrum
(in CDCl,) showed five methylene signals, one methine sig-
nal, one sp® methylene signal and one methyl signal. Analy-
sis of the '"H-'"H COSY and HMBC spectra revealed the par-
tial structure II (Fig. 5). The cross peaks from 10-H, (d 5.86,
6.51) to C-1 (6 171.5), C-2 (6 137.5) and C-3 (9 46.8) and
from 3-H (8 3.46) to C-1, C-2, C-10 (6 129.9) and C-11 (&
179.2), from 7-H,(6 1.61) and 8-H, (8 2.31) to C-9 (&
174.6) and from 12-H, (6 3.66) to C-9 showed proof of the
partial structure II (Fig. 6). The chemical shift of C-11 (o
179.2) was found to shift to the lower field than that of the
corresponding methylated calboxylic acid C-9 (6 173.3) of
tensyuic acid A, resulting in its assignment as a free car-
boxylic acid. Thus, the structure of tensyuic acid B was elu-
cidated as shown in Fig. 1.

Tensyuic Acid C: The molecular formula (C,;H,,0,) of
tensyuic acid C is CH, bigger than that of tensyuic acid B.
The calboxylic acid C-9 (8 173.9) was ethylated in tensyuic
acid C, while methylated in tensyuic acid B (the partial struc-
ture III in Fig. 7). The cross peak from 12-H, (6 4.05) to C-9
was observed in the HMBC experiments to confirm the posi-
tion (Fig. 7). The molecular formula supported this structure.

Table 1. Phyisico-chemical Properties of Tensyuic Acids A to F
A B C
Appearance Yellow syrup Yellow syrup Yellow syrup
[o]2 +1.8 (¢=0.1, CH,;0H) —1.7 (¢=0.1, CH,0H) —6.0 (c=CH,0H)
Molecular formula C,,H,,O¢ C,H,50¢ C,3H,,04
Molecular weight 244 258 272

HR-FAB-MS m/z (M+H)*

Caled 245.1025 (for C,H,,0¢) 259.1182 (for C,,H,,0) 273.1338 (for C,3H,,05)

Found 245.1024 259.1183 273.1335
UV 25800 nm () 203 (6000), 205 (5600) 204 (8900), 207 (7700) 201 (7700), 206 (4500)
IR vKBrem™! 3450, 2956, 1735, 1438, 1261, 1207  3482,2952, 1731, 1716, 1438, 1209 3448, 2931, 1731, 1716, 1261, 802
Solubility

Soluble CH,OH, CHCl,, EtOAc CH,OH, CHCl,, EtOAc CH,OH, CHCI,, EtOAc

Insoluble H,0 H,0 H,0

D E F

Appearance Yellow syrup Yellow syrup Yellow syrup
[0]3° +3.0 (¢=0.1, CH,0H) +4.9 (¢=0.1, CH,0H) —3.1(¢=0.1, CH;0H)
Molecular formula C5H,04 C4,H,,04 C,H(Oq
Molecular weight 272 286 244
HR-FAB-MS m/z (M+H)*

Calcd 273.1338 (for C;3H,,0,) 287.1495 (for C,,H,,0,) 245.1025 (for C,H,,0,)

Found 273.1342 287.1498 245.1034
UV A1 nm (g) 202 (17000), 205 (7700) 198 (13000) 199 (11000)
IR vEBrem™! 3455,2952, 2861, 1737, 1438, 1207 3482, 2933, 2857, 1716, 1438, 1203 3442,2956, 1716, 1444, 1243, 1203
Solubility

Soluble CH,OH, CHCl,, EtOAc CH,OH, CHCI,, EtOAc CH,OH, CHCI,, EtOAc

Insoluble H,O0 H,0 H,0
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Table 2. 'H- and *C-NMR Chemical Shifts of Tensyuic Acids A to F
A B C
13C chemical 'H chemical 13C chemical 'H chemical 13C chemical 'H chemical
shifts (ppm)* shifts (ppm)” shifts (ppm)* shifts (ppm)” shifts (ppm)* shifts (ppm)”
C-1 170.8 171.5 171.2
C-2 137.4 137.5 137.3
C-3 46.1 3.50 (1H, t, J=7.0Hz) 46.8 3.46 (1H, t,J=7.0Hz) 46.8 3.37 (1H, t, J=7.5Hz)
C-4 30.4 1.72 (1H, m) 30.3 1.71 (1H, m) 29.8 1.67 (1H, m)
1.96 (1H, m) 1.92 (1H, m) 1.86 (1H, m)
C-5 2.7 1.62 (2H, m) 272 1.32 (2H, m) 27 1.28 (2H, m)
C-6 33.6 2.34 (2H, t, J=7.0Hz) 29.0 1.32 (2H, m) 28.7 1.28 (2H, m)
C-7 173.7 24.9 1.61 (2H, m) 24.7 1.56 (2H, m)
C-8 129.5 5.88 (1H, s) 34.2 2.31(2H, t,J=7.5Hz) 34.2 2.24 (2H, t, J=7.5Hz)
6.51 (1H, s)
C-9 173.3 174.6 173.9
C-10 522 3.69 (3H, s) 129.9 5.86 (1H, s) 129.7 5.78 (1H, )
6.51 (1H, ) 6.45 (1H, )
C-11 512 3.66 (3H, s) 1792 179
c-12 518 3.66 (3H, s) 60.3 4.05 (2H, q, J=7.0 Hz)
C-13 14.2 1.18 (3H, t, J=7.0 Hz)
D E F
13C chemical 'H chemical 13C chemical 'H chemical 13C chemical 'H chemical
shifts (ppm)® shifts (ppm)” shifts (ppm)® shifts (ppm)” shifts (ppm)® shifts (ppm)”
C-1 170.8 170.9 171.3
C-2 137.7 137.3 136.8
C:3 46.0 3.43 (1H, t, J=7.0 Hz) 47.0 3.41 (1H, t, J=7.0 Hz) 47.0 3.42 (1H, t, J=7.0 Hz)
C-4 30.8 1.63 (1H, m) 29.7 1.73 (1H, m) 29.0 1.80 (1H, m)
1.84 (1H, m) 1.92 (1H, m) 1.98 (1H, m)
-5 26.9 1.28 (2H, m) 272 1.31 (2H, m) 27 1.68 (2H, m)
C-6 28.6 1.28 (2H, m) 28.9 131 (2H, m) 33.8 234 (2H, m)
C-7 24.5 1.56 (2H, m) 29.0 1.31 (2H, m) 1732
C-8 33.8 2.24 (2H, t,J=7.0Hz) 29.0 1.31 (2H, m) 130.2 5.88 (1H, s)
6.54 (1H, s)
C-9 174.2 24.9 1.61 (2H, m) 178.7
C-10 128.8 5.79 (1H, s) 34.1 2.30 (2H, t, J=7.5Hz) 60.4 4.13 (2H, q, J/=7.0Hz)
6.43 (1H, s)
C-11 173.6 174.4 14.2 1.25 (3H, t, J=7.0Hz)
C-12 52,0 3.63 3H, s) 129.5 5.84 (1H, s)
6.52 (1H, )
c-13 51.4 3.60 3H, s) 178.5
C-14 515 3.67 3H, s)
a) Chemical shifts are shown with reference to CDCl; as 77.0 ppm.
b) Chemical shifts are shown with reference to CDCl; as 7.26 ppm. J values are given in Hz in parentheses.
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Fig. 3. Partial Structure I of Tensyuic Acid A
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Fig. 4. Key Cross Peaks Observed in '"H-'"H COSY and '*C-'H HMBC
Experiments of Tensyuic Acid A
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Fig. 5. Partial Structure II of Tensyuic Acid B
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Fig. 6. Key Cross Peaks Observed in '"H-'H COSY and '*C-'H HMBC
Experiments of Tensyuic Acid B
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Fig. 7. Key Cross Peaks Observed in '"H-'"H COSY and HMBC Experi-
ments of Tensyuic Acids C to F

Thus, the structure of tensyuic acid C was elucidated as
shown in Fig. 1.

Tensyuic Acid D: The molecular formula (C,;H,,04) of
tensyuic acid D is CH, bigger than that of tensyuic acid B.
The different part was that the calboxylic acid C-11 (&
173.6) is methylated in tensyuic acid D (the partial structure
IV in Fig. 7). The cross peak from 12-H, (6 3.63) to C-11
was observed in the HMBC experiments to confirm the posi-
tion (Fig. 7). The molecular formula supported this structure.
Thus, the structure of tensyuic acid D was elucidated as
shown in Fig. 1.

Tensyuic Acid E: The molecular formula (C,,H,,0() of
tensyuic acid E is C,H, bigger than that of tensyuic acid B.
The difference lay in the alkyl chain length. It was C,H,
longer than that of tensyuic acid B. The structure was con-
firmed by the 'H-"H COSY and HMBC experiments (Fig. 7).
Thus, the structure of tensyuic acid E was elucidated as
shown in Fig. 1.

Tensyuic Acid F: The molecular formula (C,;H,,04) of
tensyuic acid F is C,H, smaller than that of tensyuic acid C.
The difference lay in the alkyl chain length between them. It
was C,H, shorter than that of tensyuic acid C. The structure
was confirmed by the '"H-'H COSY and HMBC experiments
(Fig. 7). Thus, the structure of tensyuic acid E was elucidated
as shown in Fig. 1.

Biological Properties Tensyuic acid C showed moderate
antimicrobial activity only against B. subtilis (inhibition
zone: 10mm at 50 pug/disk). All the other tensyuic acids
showed no inhibition zone against the microorganisms tested
at 50 pg/disk.
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Discussion

The structures of tensyuic acids A to F were elucidated in
this study, and they were found to belong to the itaconic acid
family. Several alkylitaconic acids have been reported.
Hexylitaconic acid was isolated from Aspergillus niger K-88
as a plant growth regulator.”’ In addition, it was also isolated
from a saltwater culture of sponge-derived Asperpillus
niger,’)  from marine endophytic fungus Apiospora
montagnei®” and from Penicillium striatisporum.> Ceriporic
acids from white rot fungus Ceriporiopsis subvermispora,
were reported as the inhibitor of the production of a cellu-
lolytic active oxygen species and of the iron redox reac-
tions.” All these structures were itaconic acids having a
long alkyl or alkenyl side chain, but no alkylic acid chain in
the R position (Fig. 1). To our knowledge, tensyuic acids are
the first itaconic acid derivatives having the ester carboxyl
moieties at the end of the alkyl side chain. As shown in Table
1, all the tensyuic acids have low [¢], values (—6.0—+4.9).
The [¢], values of structurally related hexylitaconic acid and
ceriporic acid A have not been reported. Therefore, the stere-
ochemistry of these compounds remains to be studied.

Among them, tensyuic acid C showed moderate antimicro-
bial activity only against B. subtilis. When compared the ac-
tivity with other itaconic acid related compounds, tensyuic
acid C showed much weaker activity. Recently, hexylitaconic
acid was isolated from Arthrinium sp. as an inhibitor of p53-
HDM2 interaction.¥ However, all tensyuic acids showed no
inhibitory activity in the p53-HDM2 interaction even at
250 pug/ml (Dr. Tsukamoto, personal communication).
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