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Trachyspic acid 19-butyl ester, a new inhibitor
of Plk1 polo box domain-dependent recognition
from uncharacterized fungus RKGS-F2684
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Polo-like kinase 1 (Plk1) is a serine-threonine protein kinase that
possesses many essential functions during mitosis and is one of the
key regulators of mitotic cell division.1,2 Although it has a catalytic
domain of protein kinase at its N-terminus, it possesses a phosphopep-
tide binding domain named polo box domain (PBD) at its C-termi-
nus.3,4 PBD binds to other protein in a phosphorylation dependent
manner. PBD-dependent binding not only is important for the
subcellular localization, but is also necessary for the targeting of Plk1
to specific substrates.3

Plk1 is frequently overexpressed in many cancers and inhibition of
Plk1 by antisence oligonucleotides or small interfering RNA (siRNA) is
highly effective in inhibiting cancer cell proliferation. The reduction of
Plk1 is also shown to induce tumor regression in mouse xenograft
model.5 Thus, Plk1 is considered to be an attractive target for the
treatment of human cancers.6–8 Several inhibitors of its catalytic activity
are developed and some of them have proceeded to clinical trials.9,10

We established a screening system for the inhibitors of PBD-dependent
binding.11 In this system, the open reading frame of a green fluorescent
protein (GFP) is fused to PBD and expressed in bacteria. Target
phosphopeptides for the PBD binding sequence are chemically synthe-
sized and bound covalently to maleimide-activated 96-well plates. The
binding of GFP-PBD to the phosphopeptides was quantitated through
spectrofluorometry. Using this system, we have obtained purpurogallin, a
benzotropolone-containing natural compound from nutgalls as an
inhibitor of PBD.11 Several other inhibitors of PBD are also identified
by other groups but currently no clinical trials have been reported.12

We have developed a structure based compound isolation technique
named NPPlot (Natural Products Plot), where secondary metabolites
from microorganisms are analyzed by their MW and retention time on
DAD-LC/MS.13 These analytical data are accumulated and used for the
spectral database establishment. Using the method, we have isolated
several new metabolites with unprecedented skeletons from microbial
sources, such as verticilactam,14 spirotoamides,15 pyrrolizilactone16 and
recently opantimycin A.17

In the present study, we combined our high-throughput screening
system for PBD inhibitors and the methodology of the fractionation of
microbial metabolites with spectral database. Using these techniques, a
new 5,5-spiroacetal metabolite, trachyspic acid 19-butyl ester (1)
together with a known metabolite trachyspic acid (2)18 with potent
PBD inhibitory activity was isolated from uncharacterized fungus
RKGS-F2684 (Figure 1). We report here the isolation, structure and
biological activity of 1.
In the course of screening from about 3000 microbial extracts using

our high-throughput screening system, we found that the extracts from
fungal strain RKGS-F2684, which was isolated from a soil sample
collected in Kumamoto, Japan in 1995, contained potent inhibitory
activity. An ethyl acetate soluble extract from 3 l culture broth of the
fungus was separated by SiO2-medium-pressure liquid chromatography
(MPLC) to 8 fractions. The active fraction was further separated by C18-
MPLC to 65 sub-fractions. Each fraction was analyzed by the technique
of NPPlot using DAD-LC/MS and the PBD binding inhibitory activity of
them was also examined. Among these fractions, the inhibitory activity
existed roughly at two groups of fractions peaked at 28th and 35th,
respectively. Both groups contained metabolites with identical UV
absorption spectrum of λmax value of 280 nm to each other, although
their m/z value (between 400 and 500) was not identical. The compound
in the peak at 35th fraction was separated by C18-HPLC to afford a crude
compound 1. It was further purified by 12 cycles of C18-recycle HPLC
and 5.5 mg of 1 as colorless amorphous was obtained (Table 1). The
other compound in the peak at 28th fraction was purified by C18-HPLC
and 25.4 mg of compound 2 as colorless amorphous was obtained.
Compound 2 was identified to be trachyspic acid by direct comparison of
the physiocochemical properties with those of standard sample.18

The molecular formula of compound 1 was determined to be
C24H36O9 by HRFABMS (found: m/z 469.2396 [M+H]+, calcd for
C24H37O9, 469.2438). The identical UV absorption spectrum with that
of 2 and IR spectrum, which showed a strong absorption at
1718 cm− 1 implying the presence of ester, suggested that 1 was a
related metabolite to 2. This was also supported by 1H NMR spectrum
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(Supplementary Figure S1). It showed similar signals with those of 2
including a broad signal at 1.23 p.p.m. of the integration value of 12H,
except for additional methyl signal at 0.89 p.p.m. (3H, t, J= 7.3 Hz),
two methylene signals at 1.35 and 1.62 p.p.m. (2H, sextet, J= 7.3 Hz
and 2H, m, respectively) and an oxygenated methylene signal at
4.21 p.p.m. (2H, m). 13C NMR spectrum also showed identical signals
with those of 2 including a characteristic quaternary signal at 107.6
p.p.m. implying the presence of spiroacetal core structure, except
for additional one methyl signal at 13.5 p.p.m., two methylene
signals at 18.9 and 30.2 p.p.m., and one oxygenated methylene signal
at 66.5 p.p.m., which were confirmed by 13C DEPT experiment
(Supplementary Figures S2 and S3). These observations suggested that
1 was a butyl ester at one of the three carboxylic acids of 2. To verify
the precise structure, 2D NMR spectra including HSQC, double
quantum filtered (DQF)-COSY, HSQC-TOCSY and HMBC were
investigated (Figure 1c). The connections between protons and
carbons were established by correlations in the HSQC spectrum
(Supplementary Figure S4). The DQF-COSY and HSQC-TOCSY
spectra confirmed the presence of two alkyl chains consisting of 9
and 4 carbons and the connection between C-4 and C-5
(Supplementary Figures S5 and S6). The 5,5-spiroacetal structure
was confirmed by the HMBC correlations from H-4 to C-3, from H-5
to C-3 and 6 and from H-9 to C-6, 7 and 8 with consideration of 13C
chemical shift value and index of hydrogen deficiency (Supplementary
Figure S7). The HMBC spectrum also confirmed the attachment of the
long alkyl chain to C-8 by correlations from H-10 to C-7, 8 and 9. A
butyl ester at C-19 was established by HMBC correlation from H-1′ to
C-19. Based on the above results the planer structure was determined
to be trachyspic acid 19-butyl ester. The relative stereo structure of 1

was established as same as those of 2 by the comparison of NMR
chemical shit values between 1 and 2 in both of DMSO-d6 and MeOH-
d4 and NOESY correlations in CDCl3 between H-4 and H-5β and H-5β
and H-2' suggesting they were on the same side (Supplementary
Figure S8).18,19 The absolute configuration was supposed to be (3S, 4S,
6S) by the same positive-specific rotation value with that of 2 (1: +6.0°
(c 0.1, CHCl3), 2: our experiment/+3.7° (c 0.1, CHCl3), literatures/
+3.1° (c 1.0, MeOH),18 +3.1° (c 0.3, MeOH)20 and +7.1° (c 0.3,
CH2Cl2)

20). Therefore, the structure of 1 was determined to be
(3S, 4S, 6S)-trachyspic acid 19-butyl ester (Table 2).
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Figure 1 Structures of compounds 1 (a) and 2 (b), and Key 2D NMR correlations of 1 (c).

Table 1 Physicochemical properties of compound 1

Appearance Colorless amorphous

Optical rotation (CHCl3) [α]58926 +6.0° (c 0.1)

Molecular formula C24H36O9

UV (MeOH) λmax (log ε; nm) 280 (3.53)

IR (ATR) νmax (cm−1) 3455, 2956, 2925, 2854, 1718, 1616, 1405,

1207, 1066, 935

ESIMS (m/z) 469 [M+H]+

HRFABMS (m/z) Found 469.2396 [M+H]+

calcd C24H37O9, 469.2438

Table 2 1H and 13C NMR chemical shifts of compound 1 in CDCl3

Position δC δH Multiplicity (J in Hz)

1 175.9 —

2 38.6 3.23 d (17.4)

3.37 d (17.4)

3 87.8 —

4 45.6 4.34 dd (12.8, 6.9)

5 β 38.2 2.33 dd (12.8, 6.9)

α 2.66 dd (12.8, 12.8)

6 107.6 —

7 197.5 —

8 118.4 —

9 172.4 7.83 s

10 21.0 2.08 2H, t (7.3)

11 27.8 1.42 2H, m

12 29.2 1.23 12H, bra

13 29.2 1.23 a

14 29.2 1.23 a

15 29.4 1.23 a

16 31.8 1.23 a

17 22.6 1.23 a

18 14.0 0.85 3H, t (6.9)

19 168.3 —

20 176.6 —

1' 66.5 4.21 2H, m

2' 30.2 1.62 2H, m

3' 18.9 1.35 2H, sextet (7.3)

4' 13.5 0.89 3H, t (7.3)

1H and 13C NMR spectra were recorded at 500 and 125 MHz, respectively.
aThe 1H NMR signal from H-12 to H-17 were observed as a broad signal with an integration
value of 12H.
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The inhibition activity of PBD-dependent binding of compounds 1
and 2 was evaluated in vitro with purpurogallin as a positive control
(Figure 2). They showed the same range of activity to that of
purpurogallin with IC50 values of 102 (1), 128 (2) and 114
(purpurogallin) μM. Several Plk1 inhibitors have been reported
including purpurogallin,6–8 however, most of them contain an
aromatic moiety in their molecules apart from the structures of 1
and 2, which have a 5,5-spiroacetal core with alkyl chain and
tricarboxylic acid moiety. Also 2 has been isolated as an inhibitor of
heparanase and the activity has not been investigated in detail.18

Therefore, we are going to continue to evaluate the detail of activity
in vivo and will report the finding elsewhere.
In summary, the new inhibitor of PBD-dependent binding,

trachyspic acid 19-butyl ester was isolated from the fungus RKGS-
F2684 based on the combination of high-throughput screening system
and the fraction library. Even though compound 1 might be an artifact
from trachyspic acid (2) during the extraction process using butanol,
the isolation and structure of 1 is worth to be reported for the new
type of activity and structural difference against known Plk1 inhibitors.
Also we have detected other derivatives having identical UV absorp-
tion spectra with slightly different m/z values, which are speculated as
related derivatives of 1, in the MPLC fractions. The fractions
containing such derivatives showed similar range of Plk1 activity
and it suggests that trachyspic acid and its derivatives may become an
attractive lead compound of Plk1 inhibition and a drug for cancer
therapy. These results showed that the screening system that we had
established for identification of PBD-dependent binding from chemi-
cal library was applicable to natural extracts as a powerful tool to
search and identify active metabolites in bioassay guided separations.
Also our microbial fraction library should be useful material for a
high-throughput screening system designed for a chemical library.
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Figure 2 Effect of compounds 1 and 2 on PBD-dependent binding. (a) Effect of various concentration. (b) Structure of purpurogallin.
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