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Callyspongiamides A (1) and B (2), two new sterol O-acyltransferase (SOAT) inhibitors, were isolated from
the Indonesian marine sponge Callyspongia sp. together with a known congener, dysamide A (3). The
structures of 1 and 2 were elucidated to be polychlorine-containing modified dipeptides based on their
spectroscopic data. Compounds 1-3 inhibited both of the SOAT isozymes, SOAT1 and SOATZ, in cell-based
and enzyme-based assays.

© 2018 Published by Elsevier Ltd.

Marine sponges %& proven to be a rich source of promising
substances with unusual chemical structures and interesting bio-
logical properties.’ Among marine animals, the genus Callyspongia
belongs to the family Callyspongidae and is composed of more
than 60 species, which are widely distributed in tropical oceans.
Chemical studies on sponges have provided various types of struc-
turally unique metabolites, such as polyketides,” polyacetylenes,’
alkaloids,” diketopiperazines,” and cyclic peptides,” most of which
were reported as cytotoxic components.

During our screening program on bioactive compounds from
marine invertebrates, we found that the EtOH extract of the
Indonesian marine sponge Can'fysp@ia sp. exhibited sterol 0-acyl-
transferase (SOAT, also known as acyl-CoA: cholesterol acyltrans-
ferase, EC 2.4.1.26) inhibitory activity in a cell-based assay. SOAT,
an endoplasmic reticulum brane protein, catalyzes the intra-
cellular esterification of free cholesterol with long-chain fatty acids
from acyl-CoA to form the cholesteryl ester (CE), and, thus, this
enzyme has potential as a target for the treatment of hypercholes-

# Corresponding authors. @
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tohoku-mpu.ac.jp (R. Uchida).
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terolemia and related diseases.” Two SOAT isozymes, SOAT1 and
SOAT2, have been character with distinct functions by molec-
ular biology studies: SOAT1 is ubiquitously expressed in most tis-
sues and cells, while SOAT2 is predominantly expressed in the liver
(hepatocytes) and intestines.” Therefore, selective activity against
SOAT1 and SOAT2 isozymes is one of the important properties
for the deffBpment of SOAT inhibitors.” Activity-guided separa-
tion of the extract led to the isolation of two new polychlorine-con-
taining modified dipeptides (Fig. 1), named callyspongiamides A
(1) and B (2), together with a known polychlorinated diketopiper-
azine, dysamide A (3).'” We herein describe the isolation, struc-
tural elucidation, and biological activities of polychlorinated
compounds 1-3.

The EtOH extract of the marine sponge was purified with
preparative HPLC (ODS column) to give compounds 1 (6.8 mg), 2
(1.9mg), and 3 (13 mg)."!

The FABMS of 3 showed a cluster of isotope peaks characterized
as a hexachlorinated compound, and its typical '*C NMR signal at
8¢ 105.4 indicated the presence of a trichloromethyl group.'™'* A
literature search yielded the structure of symmetric polychlori-
nated diketopiperazines as a candidate, and compound 3 was iden-
tified as dysamide A by comparing the spectroscopic data of 3 with
that in the literature (Fig. 1).'°
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Figure 1. Structures of compounds 1-3 obtained from the Indonesian marine sponge Callyspongia sp.

Compounds 1 and 2 also had similar spectroscopic features in
their EIMS and '*C NMR spectra to those of 3,'' suggesting that
the molecular structures of 1 and 2 possess trichloromethyl

gr B

ﬁ molecular formula of 1, CisH26ClgN202, was deduced from
HRFABMS (mfz 491.01 M+ H]*, caled for CgH33CIZ7CIN,O;)
and NMR data (Table 1). The 'H NMR spectrum of 1 (in CDCl3) dis-
played 26 proton signals, one of which suggested to be an
amine proton (3y 7.44). Two out of the 16 carbon signals observed
in the "*C NMR spectrum of 1 (in CDCl5) were assigned as trichlor-
omethyl carbons (é; 105.4 and 106.4), and the other signals were
classified into three methyl, two N-methyl, three sp* methylene,
fou methine, and two carbonyl carbons in analyses of DEPT
and QC data (Table 1). COSY correl&jions revealed the presence
of three partial structures I-11I (Fig. 2). BC correlations from H-2
(61 3.22) to C-1 (8¢ 172.7), from H-3 (1.76 and 2.36) and H-5 (1.38)
to C-6 (106.4), and from H3-7/ H3-8 (2.37) to C-2 (66.9) established
the substructure A containing the partial structure I, Partial struc-
tures Il and Il were connected to substructure B by cross peaks
from H-2' (4.70) to C-1' (208.6), from H-3' (1.82 and 2.11) and
H3-5' (1.46) to C-6' (105.4), and from Hs-8 (1.09) to C-1" in the
HMBC experiment (Fig. 2). Considering the chemical shift at C-1
(8¢ 172.7) and remaining degree of unsaturation, two substruc-

tures A and B ne
the structure of

be bound via an amide linkage (Fig. 2). Thus,
was assigned as shown in Fig. 1 and named

callysp

1,'"" and

ongiamide A.
Com;éd 2 showed similar physico-chemical properties to
molecular formula of 2 was deduced as Cy4H10ClgNO 2
from HRFABMS (m/z 445.9§ED

[M + H]", caled for C;H3C13 CINO,)

'H-'H cOsY

re 2. COSY and key HMBC correlations of 1.

as the absence of two N-methyl signals in 2. These differences were
confirmed by analyses of COSY and HMBC spectra for 2 (Fig. 3), and
skeletal structure of 2 was elucidated to be callyspongiamide B,
as shown in Fig. 1.

The absolute configuration of dysamide A (3) has been
deduced by X-ray crystallography.'” Since compounds 1 and 2
were isolated together with 3 from the same marine sponge in this
study, it is reasonable to propose that compounds 1 and 2 are also
biosynthesized from two chlorinated i-leucines as precursors.'”'?

and NMR data (Table 1). The 'H and '3C NMR spectra of 2 also
resembled those of 1, except for the presence of two olefinic signals
(8y 6.03/6¢ 126.5 and 6.94/142.2) in 2 instead of sp® methine
(3.22/66.9) and methylene (1.76 and 2.36/30.3) signals in 1 as well

mel

'H (400 MHz) and "C (100 MHz) MMR data for callyspongiamides A (1) and B (2) in CDCl .

Figure 3. COSY and key HMBC correlations of 2.

No. 1 2
B, type Gy mult. (J in Hz) dc. type &y mult. (] in Hz)

1 1727, C 164.2, C

2 66.9, CH 322, ER) 1265, CH 6.03,d(15.5)

3 30.3,CH; 1.76, m 142.2, CH 6.94, d (15.5, 8.0)
236, m

4 53.0, CH 273, m 57.3,CH 3.37,brq (7.1}

5 17.2, CHy 1.38, d (6.3) 17.3,CHy 1.47,d (6.3)

[ 1064, C 104.2, C

7 41,9, CH, 237, s

8 41.9, CH3 237, s

T 2086, C 208.7,C

b2 55.2,CH 470, ddd (11.7, 88, 2.7) 554, CH 4.85, m

2-NH 7.44,d (8.8) 6.18,d (7.8)

¥ 35.8,CH, 1.82, m , CHz 1.85, ddd (13.8, 11.7, 3.0)
2,11, dd (129, 11.7) 2.12,dd (127, 11.7)

4 52.1,CH 254, m 51.7.CH 257, m

5 16.4,CH, 146, d (6.3) 16.5, CH; 1.47,d (6.3)

6 1054, C 1054, C

7 334, CH» 264, m 335.CH: 2.66, m

g 7.6, CH, 1.00, t(7.1) 7.6, CH, 1.11,t (7.1)
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Table 2
Effects of compounds 1-3 on SOAT isozymes in cell-based and enzyme-based assays.
IC 50 for CE synthesis” { uM)
Compound Cell-based assay” Enzyme-based assay”
SOAT1 SOAT2 Sl SOAT1 SOAT2 SI°

1 0.78+019" 282072 -0.56 0.23 £0.092 0.86 0071 -0.57

2 1.2+031 241096 -030 1.0 £0.092 32+14 -0.51

3 521093 421076 +0.092 2.1:046 53017 -0.40

Beaulll” 1.1£0.23 »20 <-13 28+ 056 3.1+056 =0.044

* CE; cholesteryl ester.

" Data represented as mean + SD (standard deviation) (n = 3).
© Sl (selectivity index) = log (1Cso for SOAT1)/(ICsq for SOAT2).
@ Beaulll; beauveriolide 11l (authentic SOAT inhibitor)®

Consequently, the absolute configurations of 1 and 2 were
tentatively considered to be the same as that of 3.

The effects of 1-3 on CE synthesis by the SOAT1 and SOAT2 iso-
zymes wer@valuated in cell-based and enzyme-based
assays,”'*'* and the results obtained are summarized in Table 2.
In the cell-based assay, compounds 1-3 inhibited both SOAT1
and SOAT2 with selectivity index (SI) of -0.56, -0.30, and +0.092
(dual inhibition; -1.00 < SI < +1.00) and showed almost no effect

hospholipid synthesis or cell morphology up to 21-23 uM in

T1- and SOAT2-expressing Chinese hamster ovary (CHO) cells.
The respective ICsp values against SOAT1 and SOAT2 were 0.78 £
0.19 and 2.8 +0.72 uM for callyspongiamide A (1) and 1.2 £0.31
and 2.4 +0.96 pM for callyspongiamide Q). whereas dysamide
A (3) showed slightly weaker inhibitory activity with 1Csp values
of 5.2 +0.93 and 4.2 + 0.76 mM toward SOAT1 and SOAT2, respec-
tively. As listed in Table 2, the ICs and SI values of 1-3 in the
enzyme-based assay were consistent with those in the cell-based
assay. These results suggest that compounds 1-3 are dual inhibi-
tors of SOAT1 and SOAT2, and the linear structure is more favor-
able for both SOAT inhibitory activities.

In conclusion, two new polychlorine-containing modified
dipeptides, callyspongiamides A (1) and B (2), were obtained along
with a known chlorinated diketopiperazine, dysamide A (3),
from the EtOH extract of the marine spfifige Callyspongia sp. col-
lected in Indonesia. To date, some linear chlorinated peptides have
been reported from several marine sponges.'” Regarding their sig-
nificant biological activities, sintol?:ides have been shown to
exhibit inhibitory activities on the N terminus transactivation of
the androgen receptor in prostate cancer cells.'” In the present
study, linear polychloro-modified peptides 1 and 2 were shown
for the first time to exhibit SOAT1 and SOAT2 inhibitory activities.
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