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In this study, we report three novel naturally occurring compounds, blapsins A (1) and B (2), and blapsa-
mide (3) from the ethanol extract of the stink beetle, Blaps japanensis. The structures of these compounds
were determined using spectroscopic methods. Compound 3 is a phenolic compound bearing a form-
amido group in the structure. Functional studies revealed that compounds 1 and 2 potently inhibited
14-3-3 protein–protein interactions (PPIs) with IC50 values of 9.2 and 10.0 lM as determined by an ELISA
assay, and 2.0 and 2.5 lM in an FP assay, respectively. These compounds represent the first example of
natural small-molecule 14-3-3 inhibitors.

� 2012 Elsevier Ltd. All rights reserved.
Insects represent a megadiverse group of animals and have
been shown to possess efficient chemical defense systems. Since
ancient times, mankind has utilized insects and their by-products
for medicinal purposes. Extracts from insects have been found to
contain potential immunological, analgesic, antibacterial, diuretic,
anesthetic, and antirheumatic properties.1,2 Several unique com-
pounds have been characterized from diverse insects.2–7 From
the information now at hand, insects appear to be a new and
intriguing source of potentially useful drugs.

Blaps japanensis (Tenebrionidae), also known as the stink beetle,
is a famous medicinal insect of Yi-nationality medicine of Yunnan
province, (People’s Republic of China) that has been used to treat
inflammation, infection, and cancer.8 Previous reports demon-
strated that quinone and quinol derivatives from the extract or
defensive sprays of Blaps species exhibit significant antibacterial
activities against several microbial strains.9–12 However, further
investigation into the chemical components and biological proper-
ties of B. japanensis needs to be conducted to better understand the
therapeutic potential of compounds from these insects.
ll rights reserved.

atory of Phytochemistry and
Botany, Chinese Academy of
1 5223048 (Y.-X.C.).

ng), hfu@emory.edu (H. Fu),
The 14-3-3 proteins are a family of highly conserved acidic
polypeptides that are expressed in all eukaryotic species.13 Since
their identification in brain tissue in 1967,14 significant progress
has been made on the research of 14-3-3 proteins. To date, seven
14-3-3 isoforms and more than 200 14-3-3 target proteins have
been identified.15 These target proteins are known to play critical
roles in the regulation of diverse physiological and pathophysio-
logical events, including cell differentiation, proliferation, and
transformation. Importantly, the ability of 14-3-3 proteins to bind
and regulate a wide range of oncogenes and tumor suppressor
genes, such as Raf, Bad, p53, and Cdc25, highlights their roles in hu-
man cancer treatment.15 Thus, compounds targeting the 14-3-3
PPIs have the potential to be promising therapeutics for the treat-
ment of human cancers.16–18

In an effort to identify novel active compounds from B. japanen-
sis, we have isolated and determined the structure of three new
compounds from these insects (Fig. 1). Furthermore, to determine
whether these compounds may have potential therapeutic bene-
fits, we examined the ability of compounds 1 and 2 to inhibit
14-3-3 PPIs. In this Letter, we describe the isolation, structural
elucidation and biological evaluation of the new compounds
isolated from B. japanensis.

Compound 119 was isolated20 as a gum. Its molecular formula
was determined to be C16H16O6 by analysis of its HR-ESI-MS, 13C
NMR, and DEPT spectra. The 13C NMR and DEPT spectra exhibited
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Figure 2. HMBC and ROESY correlations of compounds 2 and 3.

Table 1
NMR spectroscopic data for 1a and 2a

Position 1 Position 2

dH
b (J in Hz) dC

b dH
b (J in Hz) dC

b

1 126.9 qC 1 5.47, s 80.7 CH
2 6.67, d, 1.8 117.4 CH 2
3 146.2 qC 3a 4.08, m 64.9 CH2

4 144.9 qC 3b 3.82, m
5 6.67, d, 8.0 116.4 CH 4a 2.92, m 29.1 CH2

6 6.52, dd, 8.0, 1.8 121.7 CH 4b 2.62, m
7 3.42, s 41.5 CH2 4a 126.1 qC
8 174.1 qC 5 6.57, s 115.8 CH
10 130.6 qC 6 144.5 qC
20 6.63, d, 1.8 116.9 CH 7 145.3 qC
30 146.2 qC 8 6.18, s 114.6 CH
40 145.2 qC 8a 129.9 qC
50 6.66, d, 8.0 116.3 CH 9 135.4 qC
60 6.47, dd, 8.0, 1.8 121.3 CH 10 6.69, d, 1.8 117.1 CH
70 2.73, t, 7.0 35.4 CH2 11 146.1 qC
80 4.17, t, 7.0 66.9 CH2 12 146.4 qC

13 6.75, d, 8.0 115.8 CH
14 6.65, dd, 8.0, 1.8 121.9 CH

a 500 MHz for 1H, 100 MHz for 13C.
b In methanol-d4.
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Figure 1. The structures of compounds 1–3.

Table 2
NMR spectroscopic data for 3a

Position 3

dH
b (J in Hz) dC

b

1 152.1 qC
2 131.6 qC
3 7.41, d, 2.3 121.5 CH
4 131.4 qC
5 7.37, dd, 8.5, 2.3 118.9 CH
6 6.78, d, 8.5 115.6 CH
7 2.62, q, 7.5 23.9 CH3

8 1.18, t, 7.5 14.5 CH3

9 8.28, s 159.3 qC
NH 9.01, br s
OH 8.16, s

a 600 MHz for 1H, 100 MHz for 13C.
b In acetone-d6.
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resonances (Table 1) for three methylene (including one oxymethyl-
ene), six olefinic methine, and seven quaternary carbons (including
four oxygen-bearing olefinic carbons, two of which overlap, and one
carboxylic carbon). The 1H NMR spectrum indicated two ABX cou-
pling systems that resonated at d 6.52 (H-6, dd, J = 8.0, 1.8 Hz),
6.67 (H-5, d, J = 8.0 Hz) and 6.67 (H-2, d, J = 1.8 Hz), and d 6.47
(H-60, dd, J = 8.0, 1.8 Hz), 6.66 (H-50, d, J = 8.0 Hz), and 6.63 (H-20, d,
J = 1.8 Hz), respectively. The 1H–1H COSY spectrum showed cross
peaks of H-5/H-6, H-50/H-60, and H-70/H-80. The above data together
with the HMBC correlations of H-80/C-10, H-70/C-20, C-60, and H-7/C-
6, C-8 suggested the presence of one 2-(3,4-dihydroxyphenyl)acetic
acid residue and one 4-(2-hydroxyethyl)benzene-1,2-diol residue.
Their linkage through an ester bond was supported by the HMBC
correlations of H-80/C-8. Thus, the structure of 1 was established
as 3,4-dihydroxyphenethyl 2-(3,4-dihydroxyphenyl)acetate, and
the compound was given the name blapsin A.

Compound 221 was obtained20 as a yellowish solid. The molec-
ular formula was determined to be C15H14O5 from the HR-ESI-MS,
13C NMR, and DEPT spectra, indicating nine degrees of unsatura-
tion. The 13C NMR and DEPT spectra indicated fifteen carbons, of
which twelve were olefinic carbons belonging to two phenyl
groups. In addition, one oxymethylene, one oxymethine, and one
methylene were observed. The 1H NMR spectrum showed one
ABX system resonated at d 6.65 (H-14, dd, J = 8.0, 1.8 Hz), 6.75
(H-13, d, J = 8.0 Hz), and 6.69 (H-10, d, J = 1.8 Hz). Two aromatic
protons resonated at d 6.18 (H-8, s) and 6.57 (H-5, s) suggesting
a 1,2,4,5-tetrasubstituted benzene ring. The 1H–1H COSY spectrum
showed cross peaks of H-3/H-4 and H-13/H-14. The HMBC correla-
tions of H-1/C-4a, C-8, C-8a, C-10, and C-14 indicated that two phe-
nyl groups were connected via C-1 (Fig. 2). The HMBC correlations
of H-3/C-4a, H-4/C-5, C-8a, and H-1/C-3 suggested the structural
motif of an isochroman. Thus, the structure of 2 was determined
to be 1-(3,4-dihydroxyphenyl)isochroman-6,7-diol, and the com-
pound was given the name blapsin B. Notably, compound 2 has
been previously synthesized as a potent antioxidant.22 Impor-
tantly, as a new naturally occurring compound, this was the first
time that this compound was isolated from this species as racemic
mixtures.

The molecular formula of 323 was found to be C9H11NO2, as de-
duced from its HR-ESI-MS, 13C NMR, and DEPT spectra (Table 2).
The 1H NMR spectrum showed one ABX system [d 7.37 (H-5, dd,
J = 8.5, 2.3 Hz), 6.78 (H-6, d, J = 8.5 Hz), and 7.41 (H-3, d, J = 2.3
Hz), two active protons at d 9.01 (NH) and 8.16 (OH), and one
proton at 8.28 (CHO). The 13C NMR and DEPT spectra revealed six
olefinic carbons belonging to a benzene ring, one methyl, one
methylene, and one CHO. The 1H–1H COSY correlation of H-7/H-8
and HMBC correlations of H-13/H-14 are shown in Figure 2. The
HMBC correlations of H-7/C-1, C-2, C-3, and H-9/C-4 established
the structure of 3 as shown. The presence of a formamido group
was also supported by the distinct upfield shift of C-9 (d 159.3)
and ROESY correlations of CHO/NH recorded in acetone-d6

(Fig. 2). The structure of 3 was thus determined to be N-(3-ethyl-
4-hydroxyphenyl)formamide, and given the name blapsamide.

In order to determine whether these compounds have an effect
on 14-3-3 PPIs, compounds 1 and 2 were evaluated for their 14-3-3
inhibitory activity. The results from these experiments demon-
strated that compounds 1 and 2 exhibited potent inhibitory effects
on 14-3-3c with IC50 values of 9.2 and 10.0 lM obtained from
ELISA assays (Fig. 3),24 and 2.0 and 2.5 lM in FP assays,25 respec-
tively. Thus, compounds 1 and 2 represent the first examples of



Figure 3. Inhibitory effect of compounds 1 and 2 on 14-3-3 PPIs in ELISA assay.
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natural small-molecule 14-3-3 inhibitors. Considering that the 14-
3-3 family regulates a wide range of pathophysiological processes
and alteration of the expression of 14-3-3 proteins has been dem-
onstrated in several human cancers. Therefore, the discovery and
identification of these two natural 14-3-3 inhibitors may not only
clarify traditional medical applications in part, but also provide
chemical probes for further advance chemical biology investiga-
tions in the field of 14-3-3. Compounds 1 and 2 could be served
as potential leads for the further development of anticancer drugs.
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