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ABSTRACT

Themicroorganisms dwelling in deep sea are suggested to be evolutionally
diversefromthoseliving in normal soil and atmosphere. To find new useful
microorganism, we performed the isolation of microorganisms from the
deep sea sediments at 4991 m depth. As a result, we found red pigment
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producing actinomycete strain DS14-1. The 16SrDNA analysison DS14-1
indicated that DS14-1 belonged to genus Nocardiopsis. The pure pigment
was isolated from the agar culture of strain DS14-1 and identified as 1,6-

dihydrophenazine, by NMR and M S spectra.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Actinomycetesmainly livingin soils producewide
variety of secondary metabolites and have been re-
garded asva uable sourcesof drug discovery. Approxi-
mately two-thirdsof naturally occurring antibioticsare
derived from actinomycetes. Recently, actinomycetes
isolated from marine environmentsincluding deep sea
sedimentsare paid much attention asanew promising
biological source. Actinomycetes belonging to
Nocardiopsis genus have been reported as producers
of bioactive compoundsisolation from Nocardiopsis?
¢, However, a few reports have been published re-
garding Nocardiops sisol ated from deep seasediments.

Nocardiopsissp. 7326 which produced col d-adapted
a-amylase was obtained from the 900 m depth sedi-
ment of Pydz Bay, Atlantic”. Cyclic peptide producing
strain, Nocardiopsissp. M0349, wasisolated fromthe
3000 m depth sediment of Clarion-Clipperton Frac-
ture Zone, Mid-pacifici®. In present report, we iso-
lated red pigment producing actinomycete
Nocardiopsissp. DS14-1 from the 4991 m depth sedi-
ment from the GodzillaMegamullion in the Philippine
Sea. Herewe describeisolation and i dentification of
red pigment as 1,6-dihydrophenazinefrom the acetone
extract of Nocardiopsis sp. DS14-1.

Soil sampleswere collected from the West Hip-
bone Rise of the GodzillaMegamullion® inthe Philip-
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pine Sea. Sampling was performed with the submers-
ible Shinkai 6500 on its dive #1146 (16° 00.03', N
139° 06.82' E; 4991 m depth) during the YK09-05
cruiseof R/V Yokosuka Sedimentswerecollected us-
ing conical tubesand stored at -80 °C until usage. Ap-
proximately 1 g of each soil was spread over the TCG
agar medium (3 g of tryptone, 5 g of casitone, 4 g of
glucose, 20gof agar, in 1L of artificia seawater). The
inocul ated agar plateswereincubated at 30 °C for 7
days. In order to obtain actinomycetes, bacteria colo-
nieswhich form aeria hyphae and sporeswere selec-
tively isolated by observation. Each bacterid stranwas
successively cultivated for purification. Asaresult, 10
strainswereisolated with TCG medium. Among 10
strains, thestrain named DS14-1 showed obviouspro-
duction of red pigmentswhen it grew on I1SP2 agar
medium (4 g of yeast extract, 10 g of malt extract, 49
of glucose, 20 g of agar in 1 L of distilled water) or
TCG agar medium.

Theidentification of DS14-1 was performed by
direct sequencing of amplified 16SrDNA sequence
using PCR, The phylogenetic treewas constructed
with neighbor joining method using themultiple-aign-
ment program Clusta X*, Asshownin Figurel,itis
indicated that the genetic position of DS14-1 waslo-
catedinthegenus of Nocardiopsis. Thestrain DS14-1
was closely related to alkaliphile Nocardiopsis
dassonvillel withthe highidentity of 99 %.

To obtainthe pigment, DS14-1 wascultured using
400 mL of 1SP2 agar medium. The agar culturewas
extracted with acetone. The acetone extract was sub-

.mE Streptosporangium subroseum DSM44662" (AF191734)
Streptospaorangium vulgare IFO1 39857 (U48999)

Nocardiopsis halofoterans DSM444107 (AJ290448)
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Strain DS14-1
"I Nocardiopsis dassonvillei DSM43111 (X97886)
Streptomyces coelicolor ATCC23899" (276678)

Streptomyces prunicolor NRRL B122817 (DQ026659)
Streplomyces avermitilis ATCC312677 (AF145223)

Streptomyces scabies ATCC 491737 (DG3862)
—— Kitasatospora phosalacinea DSM438607 (AB022869)

0L Kitasatospora setae ATCC 337747 (AB022868)
Figure 1: Phylogenetic position of thestrain DS14-1
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1 ENocarﬂf‘opsIs aegyptica DSM44442" (AJ539401)
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jected to column chromatography using hydrophobic
resin CHP20P (Mitsubishi Chemicd Co.) euted with
20% agueous MeOH, 60% agqueous MeOH, and
100%M eOH. The 60% M eOH fraction was subjected
to HPL C purification with gradient elution mode. The
conditionisfollowing: ODS column (NomuraChemi-
cd Co., Deveosil ODS-MG5, 4.6x250 mm), flow rate
ImL/minwithlinear gradient elution of 5% MeCN to
50% MeCN containing 0.05% TFA during 20 min, with
detection of UV absorbanceat 360 nm.

To elucidatethechemicad structure, we attempted
anaysesusing NMR spectroscopy (JEOL, ECA-600)
on the pigment. The pigment wasdissolvedinthe sol-
vent mix (CDCl/CF,COOD 9:1). The'H NMR spec-
trum indicated the presence of 3 protonsat 7.65, 8.09,
and 8.73 ppm (TABLE 1). The **C NMR spectrum,
HMBC, andHMQC andysisreveal ed theexistence of
three-substituted benzenering. The downfield shifted
chemical shiftsof carbon of position 1 and 6 (150.0
ppm) indicated the presence of hydroxyl residue
(TABLE 1). Themolecular formulawas determined by
thehighresolution ESI-MSasC ,H,N.O, (in positive
mode, ion peak at 213.06277 for C ,H,N,O,, mmu -
3.63). The compound was identified as 1,6-
dihydrophenazine (Figure2 and TABLE 1) by thecom-
parisonwiththeliteraturedatd*?. Theproductionyield
of 1,6-dihydrophenazine was determined by HPLC
analysisasapproximately 0.16 ug per 1 mg of dry cell

TABLE 1: Chemical shift valuesof 1,6-dihydrophenazinein
CDCI/CF,COOD (9:1)

Position 8H (ppm) Coupling constant  8C (ppm)
1,6 150.0
2,7 7.65 d, 7.6 Hz 117.0
3,8 8.17 dd, 7.6, 8.9 Hz 138.0
4,9 8.09 d, 89 Hz 116.2

43, 9a 136.0

10a, 5a 131.0

3 < 7
1 4a |§ 5a 6
OH

Figure2: Chemical structureof 1,6-dihydrophenazine
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weight when DS14-1 was cultivated for 12 daysat 30
°C using ISP2 agar medium.

Sofar, there have been several reportsabout isola-
tion of Nocardiops swhich produced ussful substances
from deep sea. These multiplereports supported the
possibility that there may be broad distribution of
Nocardiopsisinthe deep seasediments. The geneti-
cally closerelated strain Nocardiopsis dassonvillei
DSM 43111 (Figure 1) wasreported to produce prom-
isngtyrosinekinaseinhibitor, K-2524*, Tsujiboetd.
reported that N. dassonvillei OPC-15 intracellularly
accumulated phenazines including 1,6-
dihydrophenazine, 1,6-dihydrophenazine5-monooxide,
1,6-dihydrophenazine’5,10-dioxide™?. In present study,
weisolated other bacteria strainswhich appear to be
actinomycetes, and further screening to search for new
antibioticisongoing.

NUCLEOTIDE SEQUENCEACCESSION
NUMBER

The 16S rDNA sequence of Nocardiopsis sp.
DS14-1 was deposited in DDBJ database under the
accession number AB609587.
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