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Unantimycin A, a new neoantimycin analog isolated
from a microbial metabolite fraction library
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In the course of our screening for structurally unique secondary
metabolites from a microbial metabolite fraction library by spectral
database search, a new neoantimycin analog, unantimycin A (1) was
discovered and isolated with a known neoantimycin analog,
SW-163A (2). The structure of 1 was determined based on extensive
spectroscopic methods, including NMR and MS. It had a
3-hydroxybenzoic acid moiety instead of a 2-hydroxy-3-
formylaminobenzoic acid moiety and showed moderate cytotoxicity
against several cancer cell lines.
Microorganisms, such as actinomycetes and fungi, have a great

capacity to produce a wide variety of structurally and biologically
interesting secondary metabolites.1 They have been used for pharma-
ceutical drugs, agrochemicals and/or as leads.2,3 They are also
important bioprobes, which are chemical tools to investigate biological
functions in chemical biology studies.4,5 To discover and isolate such
valuable metabolites, we have developed a methodology constructing a
microbial metabolite fraction library combined with an original
spectral database, named Natural Products Plot (NPPlot).6,7 The
fraction library is composed of fractions, which are semi-purified
extracts, prepared by basic chromatographic techniques, such as
middle pressure liquid chromatography (MPLC) and HPLC, and
some fractions contain an almost pure single metabolite. Each fraction
is submitted to diode-array detector (DAD)-LC/MS analysis to collect
physicochemical information including UV absorption and mass
spectra of a metabolite within the fraction. This information is used
to construct an NPPlot, which is a distribution map based on the
physicochemical properties of each compound. These are plotted as
dots on a 2D display with retention times and m/z values on the x and
y axes, respectively. On the basis of this methodology, we have
discovered and isolated several new metabolites with unreported
structures, such as verticilactam,8 spirotoamides9 and pyrrolizilac-
tone.10 New quinomycin derivatives, RK-1355A and B from
Streptomyces sp. RK88-1355 were discovered using NPPlot screening,
in which five NPPlots generated from different strains were compared

and the distinctive metabolite group was identified as comprising
isolated quinomycins.11 In our search for new metabolites by NPPlot
screening of RK88-1355, another characteristic distribution was found
in the region of retention time around 27min with an m/z value
around 650 (Supplementary Figure S1). From this region, a new
compound (1) was isolated together with a known neoantimycin
analog, SW-163A12 (2) from the related fractions by C18-HPLC. We
report herein the isolation, structure and biological activities of 1
(Figure 1).
A 30 l of culture broth of Streptomyces sp. RK88-1355 was used to

construct the fraction library composed of ~ 400 fractions. The culture
condition and construction of the library and NPPlot were described
in the previous paper.11 The 34th and 35th fraction of the second
MPLC fraction was separated by C18-HPLC with acetonitrile/water
(55:45) and (70:30) under isocratic elution to afford enriched fractions
of compounds 2 and 1, respectively. The compound 1 rich
fraction was further purified by C18-HPLC with isocratic elution of
acetonitrile/water (58:42) to afford 1 (25.7mg) as a colorless
amorphous solid. The compound 2 rich fraction was purified by the
same condition as that of 1 to afford 2 (3.3mg) as a colorless
amorphous solid. Compound 1: colorless amorphous solid; [α]58928
(c 0.1, CHCl3) − 10.8°; UV (MeOH) λmax (logε) 240sh (3.88), 290
(3.42) nm; IR (ATR) νmax (cm

− 1) 3370, 2970, 1750, 1720, 1650, 1585,
1520, 1455, 1190; HRESIMS m/z 626.2589 [M+H]+ calcd for
C33H40NO11: 626.2601;

1H and 13C NMR data were summarized in
Table 1. Compound 2 was found to be identical with SW-163A12 by
the comparison of their physicochemical properties including UV, IR,
specific rotation, HRMS and NMR (described in Supplementary
Information).
The molecular formula of 1 was determined to be C33H39NO11 by

HRESIMS. The IR absorption spectrum implied the presence of ester
(1750 and 1720 cm− 1) and amide (1650 and 1520 cm− 1) groups. The
1H NMR spectrum (Supplementary Figure S2) suggested that 1 was a
compound related to 2, containing six methyl groups and a benzene
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ring (7.23 p.p.m., m and 4H at 7.28− 7.31 p.p.m., m). However,
it lacked the signals for 2-hydroxy-3-formylaminobenzoic acid moiety
and showed the presence of a 1,3-disubstituted benzene moiety
(7.49 p.p.m., dd, J= 1.1, 1.1 Hz, 7.04 p.p.m., ddd, J= 8.0, 1.1, 1.1 Hz,
7.34 p.p.m., dd, J= 8.0, 8.0 Hz, and 7.40 p.p.m., ddd, J= 8.0, 1.1,
1.1 Hz). The 13C NMR spectrum (Supplementary Figure S3) was also
similar to that of 2 and showed 31 signals including 10 aromatic
signals, two of which at 128.7 and 129.6 p.p.m. had double the
intensity of the others, supporting the presence of a mono- or

1,4-substituted benzene ring. The remaining six aromatic signals
implied the sub-structure of an oxygen-substituted benzoic acid
moiety in consideration of a low-field chemical shift value at
156.6 p.p.m. and the coupling pattern in 1H NMR spectrum. This
spectrum contained six methyl signals and four oxygenated signals.
The latter were also evident in the 13C NMR spectrum, which also
contained six carbonyl signals including a ketone signal at 203.6 p.p.m.
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Figure 1 Structures of compounds 1 and 2.

Table 1 1H and 13C NMR chemical shifts of compound 1 in CDCl3

Position δC δH (multi, J in Hz)

2 169.1 —

3 70.0 5.32 (q, 6.9)

5 168.5 —

6 56.3 5.17 (dd, 9.2, 2.9)

7 72.0 5.75 (m)a

9 168.5 —

10 76.0 5.02 (d, 9.2)

12 171.7 —

13 54.0 —

14 203.6 —

15 79.2 5.76 (m)a

16 16.7 1.243 (3H, d, 6.9)

17 16.6 1.38 (3H, d, 6.3)

18 36.4 2.00 (m)

19 14.2 0.88 (3H, d, 6.9)

20 24.6 1.14 (m)

1.49 (m)

21 10.5 0.87 (3H, t, 7.4)

22 20.7 1.236 (3H, s)

23 22.7 1.40 (3H, s)

1ʹ-NH — 6.97 (d, 9.2)

2ʹ 168.2 —

3ʹ 135.0 —

4ʹ 115.0 7.49 (dd, 1.1, 1.1)

5ʹ 156.6 —

6ʹ 119.7 7.04 (ddd, 8.0, 1.1, 1.1)

7ʹ 130.3 7.34 (dd, 8.0, 8.0)

8ʹ 119.2 7.40 (ddd, 8.0, 1.1, 1.1)

1ʹʹ 37.7 3.13 (dd, 14.9, 10.3)

3.38 (dd, 14.9, 2.9)

2ʹʹ 136.6 —

3ʹʹ, 7ʹʹ 129.6 7.29 (m)

4ʹʹ, 6ʹʹ 128.7 7.30 (m)

5ʹʹ 127.2 7.23 (m)

1H and 13C NMR were recorded at 500 and 125 MHz, respectively.
aExchangeable.
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Figure 2 Key 2D NMR correlations of compound 1.

Table 2 Biological activities of compounds 1 and 2

1 2 Positive controla

Cytotoxicity (IC50: μM)
HeLab 12 14 0.0053

HL-60c 6.7 16.0 0.00028

HT1080d 11 5.7 0.0058

PANC-1e 22 24 0.020

srcts-NRKf 410 410 2.6

VMRC-RCWg 26 39 0.73

Antimicrobial activity (IC50: μM)
Staphylococcus aureous 209 450 450 2.6

Escherichia coli HO141 450 450 0.87

Aspergillus fumigatus Af293 450 450 0.69

Pyricularia oryzae kita-1 450 0.034 0.10

Candida albicans JCM1542 450 0.12 0.034

Erythricium salmonicolor MAFF625123 450 1.5 0.74

Antimalarial activity (IC50: μM)
Plasmodium falciparum 3D7 5.3 3.6 0.022

aThe following compounds were used as positivie control for each assay: taxol for cytotoxicity
test, chloramphenicol for anti-procaryote test, amphotericin B for anti-fungi test and chloroquine
for anti-malarila test.
bHuman cervix epidermoid carcinoma.
cHuman promyelocytic leukemia.
dHuman sarcoma cell line with activated N-ras oncogene.
eHuman pancreatic carcinoma.
fRat kidney cells infected with ts25, a T-class mutant of Rous sarcoma virus Prague strain.
gMalignant melanoma.
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These assignments were confirmed by a DEPT experiment and an
HSQC spectrum (Supplementary Figures S4 and S5). These observa-
tions suggested that 1 differed from 2 by having the macrocyclic ring
alcohol oxidized to a ketone and attachment of 3-hydroxy-substituted
benzoic acid instead of the 2-hydroxy-3-formylaminobenzoic acid.
The overall structure was confirmed by the interpretation of
DQF-COSY and HMBC spectra (Figure 2 and Supplementary
Figures S6 and S7) and the structure of 1 was determined as shown
in Figure 1, designated as unantimycin A.
Cytotoxic, antimicrobial and antimalarial activities of compounds 1

and 2 were evaluated in vitro. Compound 1 showed moderate
cytotoxicity with IC50 values of ~ 10 μM against HeLa, HL-60 and
HT1080 cell lines (Table 2). 1 also showed antimalarial activity with an
IC50 value of 5.3 μM, but did not show any effect on microbes up to
50 μM. Compound 2 on the other hand showed potent antifungal
activities against Pyricularia oryzae and Candida albicans with IC50

values of 0.034 and 0.12 μM, which were similar to those of
reported,12 and also against Erythricium salmonicolor with an IC50

value of 1.5 μM. The cytotoxicity and antimalarial activities were
similar to those of 1, which suggested that the 2-hydroxy-3-
formylaminobenzoic acid moiety was essential for the antifungal
activity.
Compound 1 has the 3-hydroxybenzoic acid instead of 2-hydroxy-

3-formylaminobenzoic acid, which is the representative functional
group for neoantimycin and antimycin classes of compounds. There
have been reported some of neoantimycin analogs with different
benzoic acid moiety, such as JBIR-04 containing a non-substituted
benzene and JBIR-05, which lack the formyl group.13 However,
antimycins or neoantimycins with a 3-hydroxybenzoate moiety has
not been reported as a natural product to the best our knowledge. It is
speculated that a 3-hydroxybenzoic acid instead of a 2-hydroxy-3-
formylaminobenzoic acid is mainly incorporated as the starter unit for
the biosynthesis of 1. The absolute configuration of neoantimycin
analogs, SW-163A (2) and prunustatin A, which was oxidized
derivative of 2 at C-14 position as similar to the 15-membered ring
of 1, has been reported.14,15 Even though the NMR chemical shift
values were almost identical with those of prunustatin A on the 15-
membered ring, except for the 1H NMR chemical shift of H3-16
(prunustatin A: 1.43 p.p.m., 1: 1.243 p.p.m.), the specific rotation
values were opposite (prunustatin A: +21.2° (c 0.01, CHCl3), 1: –10.8°
(c 0.1, CHCl3)). Also, SW-163A (2) had the positive specific rotation
value of +63.7° (c 0.1, CHCl3) (our experiment)/+47.8° (c 0.01,
CHCl3) (reported data12). The negative values were reported for
JBIR-04 and 05 (–28.6° (c 0.01, MeOH) and –17.3° (c 0.03, MeOH),
respectively).13 JBIR-04 had the same 15-membered ring as that of 1
and the NMR chemical shift values were identical with those of 1

including 1H NMR chemical shift value of H3-16. Therefore, the
absolute configuration of 1 seemed to be different with those of
prunustatin A and SW-163A (2) and related to those of JBIR-04 and
05. In the NPPlot, we have found some metabolites related to
compound 1, and will report these structures with consideration of
stereochemistry in the near future. These findings suggest that our
methodology of constructing a fraction library and using NPPlot to
screen for novel structures is advantageous in efficiently discovering
and isolating new metabolites.
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