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Isolation and Characterisation of Enterocins from Marine
Streptomyces sp. SCSIO 11863 Isolated from South China Sea
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Abstract: An actinomycetes strain SCSIO 11863 with strong antibacterial activity was isolated from marine sediment of

the South China Sea. Based on the phenotypic and phylogenetic analysis , the strain was identified as a member of Strepto-
myces and designated as Streptomyces sp. SCSIO 11863 (KC904267). 16S rDNA sequence showed 99% similarity with
Sireptomyces albogriseolus strain ABRIINW EA1145 (GQ925802 ). Bioactivity guided extraction with ethyl acetate resul-

ted in the isolation of two analogue compounds. Structures were elucidated with detailed analyses of NMR and MS spectra

and identified as Enterocin (1) and 5-deoxyenterocin (2).
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Introduction

Pharmacological screening and usage of natural prod-
ucts for the treatment of human diseases has had a long
history from traditional medicine to modern drugs'"

The majority of clinically used drugs have various
drawbacks in terms of toxicity, efficacy, cost and their
frequent use has led to the emergence of resistant
strains , hence there is a great demand for compounds
belonging to a wide range of structural classes, selec-

tively acting on new targets with fewer side effects. Mi-

Received : April 18,2013  Accepted ;: September 13,2013
Foundation ; This research was supported by the Funds of National Nat-
ural Sciecne Foundation of China(41106143) ; Guangdong Natural Sci-
ence Foundation ( S2011040000377 ) ; China Postdoctoral Science
Foundation(2011M500133)

# Corresponding author Tel;86-20-89023038 ; E-mail ; zhanghb @ scsio.

ac. cn

croorganisms from marine environments have gained
considerable attention in recent years because of its di-
versity and biological activities , mainly due to its ability
to produce novel chemical compounds of high commer-
cial value. At present there are sixteen compounds iso-
lated from marine actinobacteria are in clinical trial a-
gainst various diseases. The distribution and abundance
of actinomycetes generally depends on various ecologi-
cal hdbltdts which include beach sand"?’ and seawa-
ter . Different sea areas contain different kinds of ac-
tinomycetes which may produce different novel antibiot-
ic metabolites. South China Sea encompasses a tremen-
dous diversity of natural ecosystems,ranging from coral
reefs,, rocky and sandy shores, mangroves, estuaries and
mudflats to open waters and abyssal habitats, and is
home to hundreds of thousands of species of organ-

. 4 . . .
isms'*'. Various novel actinobacterial genera and spe-
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cies have been previously reported from South China

7 which focused our attention towards isolating

Sea
and exploring new genera for its bioactive compounds.
This continuous effort of exploring microbial flora from
marine environment led to the isolation of Streptomyces
sp. SCSIO 11863. Bioactivity guided extraction with
ethyl acetate led to the isolation of two enterocins.
Herein we report the isolation, taxonomical characteri-

sation , structural elucidation of isolated compounds.

Materials and Methods

General

Materials for column chromatography ( CC) were silica
gel (100-200 mesh ;300-400 mesh ; Jiangyou Silica gel
development, Inc. , Yantai, P. R. China ), Sephadex
LH-20 (40-70 pm;Amersham Pharmacia Biotech AB,
Uppsala, Sweden ) ,and YMC * GEL ODS-A (12 nm S-
50 wm; YMC Company Lid. , Kyoto, Japan). Medium
pressure liquid chromatography ( MPLC ) was per-
formed on automatic flash chromatography ( EZ Purifier
IIT, Leisure Science Co. , Ltd. , Shanghai, China).'H
and "C NMR spectra were recorded on a Bruker AV-
500 NMR spectrometer ( BrukerBiospin GmbH , Rhein-
stetten , Germany ) with tetramethylsilane (TMS,8 0.0
p.p- m. ) as the internal standard.

Isolation of marine actinomycetes

Actinobacteria were isolated from marine sediment sam-
ples collected from South China Sea at the depth of
10m using a large sterile spatula. Carefully measures
were taken to remove the upper debris and were trans-
ported quickly to the lab in a sterile polythene cover.
Pretreatment of sediments were performed before selec-
tive isolation. The International Streptomyces Project
(ISP) No. I-1V, Starch Casein agar, Kuster’s agar,
modified Nutrient agar, Marine agar, actinomycetes iso-
lation agar, Bennet agar, Glucose asparginate agar and
tryptose soya agar medium with 50% sea water was
used for the isolation of actinomycetes'® . Plates pre-
pared with different medium and varying sea salt con-
centration (3,5,7,9 and 11% [w/v]) were incuba-
ted at 28 “C and observed for the growth after 4-6
weeks of incubation. The colonies were recognized ac-

cording to their cultural characteristics and then trans-

ferred to slant culture at 4-8 °C as well as at 20% (v/
v) glycerol stock at -80 C.

Preliminary screening for isolated compound

Well grown slant culture of the strain was used for
crude extract preparation. A loopful of culture was inoc-
ulated to 50 mI. AM3 medium ( Bacterial peptone 15
g/L.,soyabean powder 5 gm/L, Soluble starch 15 gm/
L,Glycerol 15 gm/L,CaCO, 2 gm/L,pH 7.2 and sea
salt 3% ) contained in 250 mL Erlenmeyer flask and
incubated for 7days on rotary shaker (200 rpm) at 28
°C. After one week of incubation equal amount of buta-
none was added to the flask and kept in ultrasonication
for 30 minutes. Organic phase was separated and con-
centrated in vacuum to obtain the crude extract. Dried
crude extract was used to prepare stock solution using
DMSO (16 mg/L). The appropriate concentration of
the extract was used for antimicrobial assay ( Disc dif-
fusion) and brine shrimp assay as preliminary screen-
ing for its bioactivity.

Taxonomy

The morphology of the spore bearing hyphae with entire
spore chain along with substrate and aerial mycelium
was examined under light microscope as well as scan-
ning electron microscope ( Hitachi,S-3400N). Molecu-
lar taxonomic charaterisation was performed using 16S
rRNA sequencing. The DNA was isolated, PCR condi-
tions , design of the sequencing primers and the method-
ology for the sequencing were adapted from previous re-
port'”’. The 16S rDNA sequence of the strain was de-
termined on both strands using dideoxy chain termina-
tion method. The similarity and homology of the se-
quence was compared with the existing sequences a-
vailable in the NCBI data bank using BLAST search.
The DNA sequences were aligned and phylogenetic tree

0] .
using

was constructed by neighbor joining method"
Mega 5.1 (biologist centric software for evolutionary a-
nalysis of DNA and protein sequences ).
Fermentation and Isolation of active principle com-
pounds

Well grown slant culture of the strain was used for
preparation of seed culture. The seed culture was inoc-

ulated in 50 mL medium containing the optimized pro-

duction medium prepared with 3% sea salt (pH 7.2)
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and incubated for 2 days in rotary shaker (200 rpm) at
28 °C. The inocula (10% ) were then transferred into
200 ml production medium in 1 liter Erlenmeyer flasks
and kept for shake flask growth for a week. A total of
10 L of large scale fermentation was carried out. After
fermentation , the broth was centrifuged at 4000 rpm for
10 min at 10 C and the supernatant was separated by
using separating funnel. The supernatant was extracted
twice with ethyl acetate. The extract was then concen-
trated in vacuum with rotary evaporator. The crude ex-
tracts were stored at -20 °C for further use. The crude
extract obtained was choromatographed over normal
phase silica gel (100-200 mesh) column and eluted
with gradient system ( Chloroform ; Methanol ;100: 0,99
:1,98:2,96:4,92:8,84:16,68:32 and 0: 100) to ob-
tain 8 fractions. Each fraction was examined for its
compound profile on HPLC-DAD ( Varian star work
station ) . Subsequent chromatographical technique in-
cluding elution on Sephadex LH-20 column and MPLC
followed by Preparative HPLC using a reversed phase
C,s column yielded compound 1 (4.3 mg) and com-
pound 2(6.5 mg) from fraction 3 and 5 respectively.

Results and Discussion

Marine sediments were collected from Weizhou Island,
Guangxi province , China and continuous course of our
selective isolation and screening procedure resulted in
the isolation of SCSIO 11863, which was further deposi-
ted in type culture collection of Research Center for
Marine Microbes, South China Sea Institute of Oceanol-
ogy, Chinese Academy of Sciences, Guangzhou , China.
The isolated strains are aerobic actinomycetes with
white branched aerial and substrate mycelium. Spores
are arranged in long chain and each chain contains ap-
proximately 10-15 spherical spores. Diameter of mature
spores is between 0. 6-0. 8 mm and the length is be-
tween 0.9-1.4 mm (Fig. 1). Strain was further identi-
fied by molecular taxonomic characterization using 16S
rRNA partial gene sequence analysis. The partial se-
quencing of 16S rRNA gene of the strain on both direc-
tions yielded 16S rDNA nucleotide sequence with 1681
base pairs and has been deposited to NCBI under the
accession no KC904267. The BLAST search of 16S rD-

NA sequence of the strain showed highest similarity
(99% ) with Streptomyces albogriseolus strain ABRI-
INW EA1145 (GQ925802) and phylogenetic tree was
constructed with bootstrap values (Fig.2). A neighbor-
joining tree based on 16S rDNA sequences showed that
the isolate occupies a distinct phylogenetic position
within the radiation including representatives of the
Streptomycetes family. The phylogenetic tree based on
Maximum-parsimony method also showed that the iso-
late forms a separate clade. Based on the molecular tax-
onomy and phylogeny the strain was identified as Strep-
tomyces sp. and designated as Streptomyces sp. SCSIO
11863. Preliminary screening of crude extract shows it
as a potent inhibitory strain against selected human
pathogenic bacteria strain and with moderate brine
shrimp activity leads us to isolate and elucidate the ac-
tive principle compounds. Extraction of its culture broth
(10 L) yielded 12. 5 grams of crude extract. Com-
pounds enterocin (1) and 5-deoxy enterocin (2) were
isolated using chromatographic techniques including
column chromatography , Medium pressure liquid chro-
matography (MPLC) and semi preparative HPLC, and
their structures were elucidated by comprehensive spec-
troscopic analyses (UV ,NMR,and MS) and were con-
firmed by previously reported literatures. Compound 1,
differs from 2 only at C-5 with an additional hydroxyl

(1]
group .

Fig. 1  Scanning electron micrograph of Streptomyces
sp. SCSIO 11863 grown on Starch Casein Agar
at 28 °C for 7 days;bar 5 pm

Compound 1 pale yellowish powder; The molecular
mass was determined by ESI-MS at both positive and
negative modes and its molecular formular was estab-
lished as C,,H,,0,, on the basis of ESI-MS data [ M +
H]" (m/z 445. 1), [ M + Na] " signal (m/z 467.
1).'H NMR (CD,0D,500 MHz) §:4.68 (1H,s, H-
3),4.81 (1H,dd,J = 4.5 Hz,H-5) ,4.75
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Fig. 2 The phylogram showing the position of the strain Streptomyces sp. SCSIO11863 with other Streptomyces based on

16S rDNA sequence.

Note ; Phylogenetic tree was constructed based on neighbor joining analysis of 1000 replicated data. Number at nodes indicates the percent level of boot-

strap support. Score bar represents 1 nucleotide substitution per 100 nucleotides. Bootstrap values of 50 and above are shown.

(1H,d,J = 2.5 Hz,H-6),1.90 (1H,dd,J = 15.0,
5.0 Hz, H-7),2.70 (1H,J =15 Hz, H-7),4. 72
(1H,s,H9),6.41 (1H,d,J = 2.0 Hz,H-11) ,5.66
(1H,d,J = 2.0 Hz,H-13),7.05 (2H,d,J = 7.5
Hz,H-17,H-17"),7.42 (2H,dd,J = 7.5,8.0 Hz,
H-18 ,H-18"),7.57 (1H,t,J =7.5 Hz H-19),3.80
(3H,s,H20)." C NMR (CD,0D, 125 MHz) §:
175.6 (s,C-1),80.0 (s,C-2),56.6 (d,C-3),77.4
(s,C4),80.7 (d,C-5),71.1 (d,C-6),36.6 (t,C-
7),77.6 (s,C-8),54.6 (d,C9),162.3 (s,C-10),
107.2 (d,C-11),173.5 (s,C-12),89.0 (d,C-13),
167.1 (s,C-14),197.8 (s,C-15),140.8 (s,C-16),
129.5 (d,C-17,17"),129.6 (d,C-18,18"),134. 1
(d,C-19),57.05 (q,C-20). The 'H and "C NMR
data of compound 1 were identical to those of enterocin

thus compound 1 was identified as enterocin' ', It is

also known as vulgamyecin.
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Fig. 2 Chemical structure of compounds 1-2

Compound 2 pale yellowish powder; The molecular
mass was determined by ESI-MS at both positive and
negative modes and its molecular formular was estab-
lished as C,, Hy, O, , ESI-MS data [M + Na] ™ (m/z
451.10) and [2M + Na] " signal (m/z 879.17).'H
NMR (CD,0D,500 MHz) §:3.48 (1H,s,H-3),2.96
(1H,d,J = 5.5 Hz,H-5),2.50 (1H,dd,J = 3.5,
14.5 Hz,H-5),4.89 (1H,s,H-6),2.61 (1H,dd,J
=2.5,4.5 Hz,H-7),1.74 (1H,d, J=12.5 H-7),
4.30 (1H,d,J = 1.5 Hz,H9),6.34 (1H,d,J =
2.0 Hz,H-11),5.65 (1H,d,J = 2.0 Hz,H-13),
8.07 (2H,d,J = 7.5,Hz,H-17 ,H-17"),7.48 (2H,
t,/J = 7.5,8 Hz H-18,18"),7.60 (1H,dd,J = 7,
7.5 Hz H-19),3.90 (3H, s, H20) ."” C NMR
(CD,0D,125 MHz) §:175.1 (s,C-1),81.5(s, C-
2),66.7 (d,C-3),77.0 (s,C4),37.5 (t,C5),
74.6 (d,C-6),34.1 (t,C-7),77.9 (s,C-8),61.8
(d,C9),162.7 (s,C-10),107.1 (d,C-11),173.8
(s,C-12),89.4 (d,C-13),167.4 (s,C-14),199.6
(s,C-15),140.6 (s,C-16),129.7 (d,C-17),130.5
(d,C-18),134.7 (d,C-19),57.4 (q,C20). The 'H
and "C NMR data of compound 2 were identical to
those of 5-deoxyenterocin thus compound 2 was identi-

fied as 5-deoxyenterocin'™'*). The stereochemistry for
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both of compounds were assigned as reported'>""’.

Enterocins are well known polyketide antibiotics origi-
nally isolated from terrestrial soil derived Streptomyces
sp. with strong antibacterial activity''") . Compound 2
was later isolated again from marine Ascidian and suc-
cessful comprehensive structural determination was
done''®’. Since then number of times enterocins and its
derivatives has been reported from various microbial
sources. Polyketides are clinically important antibiotics
requiring a series of organic synthesis pathways due to

[17]

its complex chemical structures™ '~ and strong inhibitory

activity against numerous gram positive and gram nega-

5220 Due to its antago-

tive pathogenic microorganisms
nistic activity against food borne pathogens it has been
used as bio-preservatives in the food, making it as one
of the most interesting broad spectrum class of antibiot-
ics with a great application in food as well as medical
industry. Present finding represents yet another new
marine microbial source capable of producing this im-
portant class of polyketide antibiotics.
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