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from a Metagenomic Library Derived from the Marine Sponge Halichondria okadai
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We screened a colored clone from a metagenomic library
derived from the marine sponge Halichondria okadai. We
isolated a yellow pigment, halichrome A (1), which was
structurally elucidated to be a biindole, exhibited cytotoxicity
against B16 melanoma cells and was substituted with an ethyl
group. To the best of our knowledge, this is the first report of the
isolation of a novel compound from a metagenomic library
derived from a marine sponge.

Many structurally unique compounds with significant bio-
logical activity have been isolated from various marine
invertebrates.! In particular, sponges, members of the porifera,
are rich sources of many natural products. Recent research
suggests that marine sponges harbor various microbial sym-
bionts and that many bioactive compounds in sponges are
produced by these symbionts.? Although microorganisms have
potential as sources of bioactive compounds, only a small
proportion of bacteria have been isolated from the environment.’
Hence to use symbiotic bacteria efficiently as sources of natural
products, a metagenomic approach is appropriate. Recently,
several natural products have been isolated using metagenomic
libraries derived from soil.* These metagenomic libraries were
used directly as sources of natural products by screening of
clones that produce bioactive compounds by heterologous
expression of metagenomic DNA. We previously constructed a
metagenomic library from the marine sponge Halichondria
okadai.? In this study, we screened for colored clones and found
a novel compound halichrome A (1) (Chart 1).

A colored clone was screened for the production of pigment
on Luria—Bertani (LB) agar plates and grown in a liquid-shaker
culture. This culture was extracted with EtOAc and chloroform.
The extract was concentrated and partitioned between EtOAc
and H,0. The EtOAc extract was subjected to fractionation with
column chromatography (silica gel, toluene—EtOAc; ODS silica

halichrome A (1)

Chart 1.
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gel, EtOH-H,0) and reversed-phase HPLC (Develosil ODS-
UG-5, MeOH-H,0; YMC-pack AG-323, acetonitrile-H,0) to
give halichrome A (1). The cytotoxicity of halichrome A (1)
against B16 mouse melanoma cells was determined using the
MTT method.® This compound showed cytotoxicity with an ICs,
value of 30.9 ugmL™" after 4 days.

Halichrome A (1) was isolated as a yellow pigment soluble
in both methanol and chloroform. The UV-vis absorption
maxima at 402 nm with a slight inflection at shorter wavelengths
indicate the presence of an indole chromophore.” The molecular
formula of 1 was determined to be C;gH;sN,O by HR-ESIMS
(m/z299.1160, [M + Na]*, A + 0.4 mmu). The NMR data for 1
are summarized in Table 1. The 'HNMR spectrum of 1 in
chloroform-d showed the presence of two aromatic ring ABCD
spin systems (8 7.65, 6.85, 7.49, 6.92, and 7.50, 7.02, 7.15,
7.34), one doublet aromatic proton (§ 7.22), one methylene
(6 2.30), one methyl group (8 0.91), and two indole NH signals
(8 5.02 and 8.11). In the '3CNMR spectrum, 18 carbon signals
were observed, including one carbonyl carbon (§ 201.2), one
methyl carbon (8 6.1), one methylene carbon (8 28.5), one
quaternary carbon (8§ 67.8), and 14 olefinic carbons (8§ 159.0,
135.5, 135.0, 123.3, 123.1, 120.6, 120.5, 119.2, 118.2, 118.1,
117.1, 113.3, 110.5, and 109.6). The 9 olefinic carbon signals

Table 1. *CNMR and 'HNMR data for 1&b¢
Position 8C SH (mult., J in Hz) HMBC (H to C)

1 5.02 (s) 2,3,3a,8
2 67.8

3 201.2

3a 119.2

4 123.1  7.65(d, 7.7) 3, 7a

5 117.1  6.85(dd, 7.2, 7.7) 3a

6 1355 7.49 (dd, 7.2, 8.5) 7a

7 110.5 6.92 (d, 8.5) 3a

Ta 159.0

8 28.5 2.30 (m) 2,3,3

9 6.1 091 (t, 7.3) 8

I 8.11 (brs) 3a’

2’ 120.6  7.22 (d, 2.4) 3, 3a/, 74’
3 113.3

3a 123.3

4 1182  7.50 (d, 8.0) 3, 7a’

5 118.1  7.02 (dd, 8.0, 7.3) 3a’

6 120.5  7.15 (dd, 8.0, 7.3) 74

7 109.6  7.34 (d, 8.0) 3a’

74 135.0
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aSolvent: CDCl;. *'THNMR (500 MHz), 3C NMR (125 MHz).
‘Recorded at 298 K.
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Figure 1. Selected 2D NMR®" correlations for halichrome A
(1). Solvent: CDCls. PRecorded at 298 K.

(6 135.5, 123.1, 120.6, 120.5, 118.2, 118.1, 117.1, 110.5, and
109.6) were assigned to the methines, based on the results of an
HMQC experiment. The 'H-'HCOSY spectrum and a decou-
pling experiment revealed the partial structures C4-C5-C6—C7,
C4'-C5'-C6'-C7’, and C8-C9, as shown in Figure 1. First,
HMBC correlations at H5/C3a, H6/C7a suggested the con-
nectivity of C3a—C4, C7a—C7, respectively. Then, the assign-
ment of C3a and C7a were established by the similarity in the
BCNMR when compared to those of ketoindole moiety of
Cephalinone B.® The correlations H1/C2, H1/C3, and H1/C3a
in the HMBC spectrum suggested a ketoindole moiety.
Furthermore, based on the HMBC correlations at H4/C3 and
the NOESY correlations between H1 and H7, the ketoindole
moiety should be located between N1 and C7a, as shown in
Figure 1. Next, the HMBC correlations at H5’/C3a’ and H6’/
C7a" suggested the connectivity of C3a’-C4’, and C7a’-C7’,
respectively. Then, the assignment of C3a’ and C7a’" were
established by the similarity in the '*CNMR when compared to
those of indole moiety of Arcyriarubin B 6-O-sulfate.” The
decoupling of H1” and H2’, and HMBC correlations at H2'/C3’,
H2’/C3a’, H2'/C7a’, and H1’/C3a’ suggested an indole moiety.
Furthermore, based on the HMBC correlations at H4’/C3’ and
the NOESY correlations between H1” and H7’, the indole moiety
should be located between N1’ and C7a’, as shown in Figure 1.
Thus, these analyses showed two indole moieties and one ethyl
group, and the connectivity between these partial structures was
clarified by HMBC as follows. The HMBC correlations at
H8/C2, H8/C3, and H1/C8 determined that the ethyl group was
attached to a C2 quaternary carbon. And the HMBC correlations
at H8/C3’ suggest that a N1-C7a portion was connected to an
N1’—-C7a’ portion at C2 and C3’. Consequently, the entire carbon
chain was assembled and the gross structure of halichrome A (1)
was determined to be as shown in Figure 1. The specific rotation
of 1 is observed to be —0.9 (¢ 0.03, MeOH), and then
determination of the absolute configuration at C2 is under
investigation.

Many biosynthetic pathways of bacterial pigments have
been investigated by a metagenomic approach. Recently, some
clones that produce heterologously indigo, indirubin, and
violaceion were isolated from soil-derived metagenomic libra-
ries and full or partial sequences of these gene clusters were
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analyzed.*>>!0 In this study we isolated a clone that produce
harichrome A. Hence sequencing of the gene clusters is in
progress and analysis of the genetic information of this clone
would improve the study of the open reading frames, responsible
for the halichrome A biosynthesis.

In summary, halichrome A (1) was isolated from a
metagenomic library derived from the marine sponge H. okadai.
The gross structure of halichrome A (1) was revealed to be
biindole substituted with an ethyl group based on 2D NMR
spectra. Halichrome A (1) exhibits weak cytotoxicity against
B16 mouse melanoma cells with an ICs, value of 30.9 ugmL™".
To date, some natural products have been isolated by a
metagenomic approach. Most of these natural products originate
from soil, marine sediment, and no example from a marine
sponge has been reported. To the best of our knowledge, this is
the first report of heterologous expression of a novel natural
product from a metagenomic library derived from a marine
sponge. These results indicate the potential of metagenomic
libraries derived from marine sponges as a genetic and chemical
source.
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