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NW-G01, a novel cyclic hexadepsipeptide antibiotic,
produced by Streptomyces alboflavus 313: I.
Taxonomy, fermentation, isolation, physicochemical
properties and antibacterial activities

Zhengyan Guo, Ling Shen, Zhiqin Ji, Jiwen Zhang, Luzhi Huang and Wenjun Wu

NW-G01, a novel cyclic hexadepsipeptide antibiotic, was isolated by macroporous resin and silica gel column chromatography

and HPLC from the fermentation broth of strain no. 313. The producing strain was identified as Streptomyces alboflavus on the

basis of the morphological characteristics, physiological property and 16S rDNA gene sequence analysis. NW-G01 exhibited

strong antibacterial activity against Bacillus subtilis, Bacillus cereus, Staphylococcus aureus, methicillin-resistant S. aureus,

and their MIC values were 3.90, 3.90, 7.81 and 7.81 lgml�1, respectively.
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INTRODUCTION

In the course of a screening program for new antibiotics from
microbial products, an actinomycete strain no. 313, isolated from a
soil sample collected from the Shaanxi province of China, was found
to produce a novel cyclic hexadepsipeptide antibiotic, designated as
NW-G01. The chemical structure of NW-G01 incorporates valine,
N-methylalanine, a chlorinated pyrroloindoline derivative, and three
molecules of piperazic acid (Figure 1). NW-G01 is structurally related
to himastatin1 and chloptosin,2 two cyclic hexadepsipeptide antitumor
antibiotics, but is significantly different in the amino acid content.
Another important difference between them is that the two reported
antibiotics are the dimers of cyclohexapeptide. Taxonomic studies
showed that the producing strain belongs to the species of
Streptomyces alboflavus. The bioassay results showed that NW-G01
had strong antibacterial activity against gram-positive bacteria, includ-
ing methicillin-resistant Staphylococcus aureus (MRSA), but was
ineffective against gram-negative bacteria.
In this paper, we described the taxonomy of the producing organ-

ism, fermentation, isolation, physicochemical properties and antibac-
terial activities. The structural elucidation of NW-G01 will be reported
in the following paper.

RESULTS

Taxonomy of the producing strain
Strain no. 313 grew well on most of the media and produced no
distinctive soluble pigment. It formed well-developed and branching

substrate mycelium, but rare aerial mycelium, and typical a spore
chain was observed on the International Streptomyces Project (ISP)
media. The mature spore chain was straight or slightly curved and
broken easily on modified humic acid–vitamins (HV) agar; the spores
were cylindrical to oval shape, in sizes of 0.5–2mm, with a smooth
surface observed through the scanning electron photo microscope
(Figure 2).
Good growth could be observed on modified HV agar, Czapek’s

agar, glucose asparagine agar, ISP2, ISP3, ISP5 and ISP6, but no
growth was observed on ISP4. The best medium for the culture of this
strain was modified HV agar, on which it grew well. The culture
characteristics of the strain are described in detail in Table 1.
Special morphology, such as sclerotia or sporangia, was not

observed. Carbon utilization and physiological characteristics of strain
no. 313 were summarized in Table 2. The results of diaminopimelic
acid (DAP) analysis showed the presence of L-DAP in the peptidogly-
can, indicating that strain no. 313 belonged to cell wall type I.3

Glucose and ribose were detected in the whole-cell hydrolysates. Strain
no. 313 utilized D-dextrose, D-maltose, inositol, D-mannitol,
L-rhamnose, D-xylose, L-arabinose, D-fructose and D-mannose as
sole carbon sources, but not sucrose, D-ribose, lactose and
D-galactose. Gelatin liquefaction, coagulation and peptonization of
the milk test showed positive results at 7 days. Hydrolysis of starch was
not observed before 14 days. The above results support the identifica-
tion of this strain as a member of the genus Streptomyces. Further-
more, 16S rDNA sequence (1471 nucleotides) of strain no. 313 was
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determined and registered in the GenBank (FJ032029). The phyloge-
netic analysis with 16S rDNA database sequences revealed that strain
no. 313 branched deeply within a member of the gene Streptomyces
and was most closely related to S. alboflavus NBRC-13196T 4

(Figure 3). As the sequence similarity was high (99.5%) and most
morphological and physiological characteristics were highly similar,
except for the coagulation of milk, strain no. 313 might be identified
as S. alboflavus 313.

Cultivation and fermentation
Strain no. 313 was cultivated at 28 1C in the modified HV medium,
which contained soluble starch 1%, KCl 0.17%, FeSO4 7H2O 0.001%,
VB1 0.00005%, VB3 0.00005%, para-aminobenzoic acid 0.00005%,
Na2HPO4 0.05%, cycloheximide 0.005%, MgSO4 7H2O 0.05%,
CaCO3 0.002%, VB2 0.00005%, VB6 0.00005%, myoinositol
0.00005%, biotin 0.000025%, KNO3 0.3% and agar 1.8%, at pH 7.2
adjusted with NaOH. The seed medium consisted of millet extract 1%,
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Figure 1 The structure of compound NW-G01.

Figure 2 Scanning electron micrograph of Streptomyces alboflavus 313

grown on modified HV agar at 27 1C for 5 days. The scale bar represents

2mm.

Table 1 Culture characteristics of strain no. 313

Medium Growth

Aerial

medium Sub-medium Pigment

Modified HV Very good Few Orange yellow No

Gause’s no. 1 Good No Orange red No

Czapek’s agar Good No Brownish red No

Glucose asparagine Very good Abundant,

gray yellow

Brownish yellow No

Calcium malate agar Moderate Few,

light pink

Reddish brown No

Yeast-mall extract agar

(ISP2)

Good No Light orange No

Oatmeal agar(ISP3) Good No Dark orange red No

Inorganic salts-starch (ISP4) No No No No

Glycerol asparagine (ISP5) Good No Golden yellow No

Yeast peptone agar (ISP6) Good Moderate,

pink

Orange red No

Abbreviation: HV, humic acid–vitamins.

Table 2 Carbon utilization and physiological characteristics of strain

no. 313

Utilization of carbon Utilization of carbon

D-dextrose + D-mannitol +

Sucrose � L-rhamnose �
D-xylose � D-mannose +

Maltose + Physiological characteristics

L-arabinose + Coagulation of milk +

D-fructose + Liquefaction of gelatin +

Inositol + Hydrolysis of starch �
D-ribose � Use of cellulose +

Lactose � Peptonization of milk +

D-galactose +
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glucose 1%, peptone 0.3%, NaCl 0.25% and CaCO3 0.1% (pH 7.0).
A 500-ml Erlenmeyer flask, containing 150ml of the seed medium,
was incubated with a stock culture of the producing strain maintained
on a modified HV agar slant. After incubation for 24h at 28 1C on a
rotary shaker set at 180 r.p.m., 5ml of the seed culture was transferred
to each of the 250ml Erlenmeyer flasks containing 65ml of the
production medium, which consisted of millet extract 1%, glucose
1%, peptone 0.3%, NaCl 0.25% and CaCO3 0.2% (pH7.0). The
fermentation was carried out at 28 1C for 5 days on a rotary shaker
set at 180 r.p.m.

Extraction and isolation
The culture of 100 l was filtered with a cheesecloth to separate the
medium and culture liquid. The culture liquid, which exhibited strong
antibacterial activity, was absorbed onto a macroporous resin (HPD400,
Cangzhou Baoen, Co. Ltd, Cang Zhou City, China), followed by elution
with methanol. The methanol fractions were evaporated at 40 1C in
vacuum to yield 60 g of extract. The extract was subjected to a silica gel

column (600 g, 200–300 mesh, 6.5�110 cm) and eluted with petroleum
ether, EtOAC–MeOH (100:0, 75:25, 50:50, 25:75, 0:100, v/v). The
eluents were collected at 2000ml for each fraction. The antimicrobial
fraction was purified by reverse phase-HPLC (Hypersil C18,
20�250mm, 10mm) with methanol/water (75:25, v/v) as mobile
phase to yield compound NW-G01 (1.60 g).

Physicochemical properties
Physicochemical properties of NW-G01 are summarized in Table 3.
The compound was soluble in methanol, ethyl acetate and dimethyl
sulfoxide, but was insoluble in water and acetone. The compound
displayed a positive reaction to iodine vapor and AgNO3 solution.
The spectra of HR-ESI-MS (m/z 757.3460[M+H]+) showed that the
molecular weight of NW-G01 was 756 (Figure 4).

Antibacterial activities
The compound NW-G01 exhibited significant activity against several
gram-positive bacteria (Table 4) with MIC values of less than
10mgml�1. No obvious inhibitory effects were observed against
gram-negative at the concentration of 250mgml�1. The tested gram-
positive bacteria were Bacillus cereus 1.1846, Bacillus subtilis 1.88,
S. aureus 1.89, MRSA 212 and the gram-negative were Escherichia coil
1.1636, Pseudomonas aeruginosa 1.2031 and Erwinia carotovora.

DISCUSSION

In this paper, we presented a novel antibacterial cyclic hexadepsipep-
tide, NW-G01, isolated from the fermentation broth of strain no. 313.
The results of the studies on morphological and physiological
characteristics indicated that strain no. 313 had a high concordance
with S. alboflavus NBRC-13196T, and the high similarity (99.5%) with
16S rDNA sequence, despite the obvious difference, was that the milk
was coagulated for the strain no. 313. Therefore, strain no. 313 was
named as S. alboflavus 313. The structure of NW-G01 is related to
himastatin and chloptosin, which are dimers of cyclic hexadepsipeptide.
In this study, the antibacterial activities of NW-G01 against seven

species of representative bacteria were tested. NW-G01 exhibited
higher antibacterial activities than did ampicillin against four species
of gram-positive bacteria, especially against MRSA, the MIC value
of NW-G01 was 7.81mgml�1 and that of ampicillin was more

Streptomyces alboflavus NBRC-13196T

Strain No.313

Streptomyces olivaceus NBRC 3200T

Streptomyces flavofungini NBRC-13371T

Streptomyces sclerogranulatus NBRC 14301T

Streptomyces  spectabilis NBRC 15441T

Streptomyces somaliensis NBRC 12916T

Streptomyces koyangensis NBRC 100598T 

Streptomyces intermedius NBRC 13049T 

Streptomyces gougerotii DSM 40324T

Streptomyces variegatus NBRC 15462T

Streptomyces nobilis NBRC 13386T

Streptomyces indiaensis NBRC 13964T
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Figure 3 Phylogenetic tree showing the position of strain no. 313 on the basis of 16S rDNA gene sequence analysis. Streptomyces indiaensis NBRC-13964T

was used as the outgroup.

Table 3 Physicochemical properties of compound NW-G01

Properties Compound NW-G01

Appearance Pale pink needle crystal

[a]25
D �1201(c 0.2 MeOH)

Melting point 208–211 1C

Molecular formula C35H49ClN10O7

ESI-MS(m/z) 757.21[M+H]+, 779.27[M+Na]+

HR-ESI-MS(m/z)

Found 757.3460[M+H]+

Calcd 756.3474 for C35H49ClN10O7

UV lMeOH
max EQ nm 218

IR nmax (KBr) cm�1 1638, 3425, 1114, 1073, 799, 759

Solubility

Soluble DMSO, methanol, EtOAc

Insoluble H2O, acetone

Test

Positive I2, AgNO3

Negative FeCl3, molish
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than 100mgml�1 (Table 4). It was reported that chloptosin2 and
himastatin,1,5 the two similar cyclopeptides with NW-G01, had anti-
tumor activity. The antitumor activity of NW-G01 will be evaluated
subsequently. The above results suggest that NW-G01 may be a
potential candidate as a pharmaceutical product.

METHODS

Isolation of the producing strain
The producing strain no. 313 was isolated from a soil sample collected from the

Shaanxi province of China. Soil sample 1.0 g, combined with CaCO3 (0.1 g),

was incubated for 1 h at 1101C and suspended in 20ml sterile water. After

filtration and dilution with sterile water (10�1, 10�2, 10�3 and 10�4) containing

1.5% phenol, 0.1ml aliquots were spread onto modified HVagar and modified

Bennett’s agar6 containing 1mg potassium dichromate. The plates were incu-

bated for 14 days at 28 1C, and the resulting colonies were transferred and

maintained on the modified HV agar. Among the isolated strains, one strain

that showed significant antibacterial activity was designated as strain no. 313.

Taxonomy of the producing strain
The studies on cultural and physiological characteristics of the producing strain

were carried out following the methods recommended by the ISP7 and

Waksman,8 and the utilization of carbon sources was tested according to the

growth condition on plates containing different sugar sources. The morpho-

logical properties were observed with a scanning electron microscope

(JSM6360LV JEOL). The isomers of DAP and whole-cell sugar pattern were

determined by TLC analysis of the whole-organism hydrolysate.9 Extraction of

genomic DNA and 16S rRNA gene amplification were carried out according to

Kim et al.10 The 16S rDNA sequence was aligned using CLUSTAL X software

version 1.83. A phylogenetic tree was constructed by the neighbor-joining

method11 using MEGA version 4.0 software, and Bootstrap analyses of 1000

replicates were carried out.

Assay for antibacterial activity
Antibacterial activity was measured by the micro-broth dilution method in

96-well culture plates using the Mueller-Hinton (MH) broth (Hangzhou Micro-

bial Reagent Co. Ltd, Hangzhou City, China), according to the Standard of

National Committee for Clinical Laboratory.12 The standard bacterial strains

were obtained from the China General Microbiological Culture Collection center.

A clinical isolate of MRSA was obtained from Nanjing Medical University.

Ampicillin (Sigma, Shanghai, China) was used as positive control. The tested

bacteria were incubated in the MH broth for 12h at 30 1C at 190 r.p.m., and the

spore concentration was diluted to approximately 1�105–1�106CFU with MH

broth. After incubation for 24h at 30 1C, the MICs were examined.

General procedure
Melting point was measured on an X-4 apparatus and was uncorrected. Optical

rotation was measured on a Perkin-Elmer 341 polarimeter. IR spectra were

determined on an IR-450 instrument (KBr plate). HR-ESI-MS was obtained on

a Brüker Apex II mass spectrometer. Mass spectra were measured on a Finnigan

LCQ Advantage mass spectrometer (ESI, positive mode). The compound was

purified by a Shimadzu 6AD HPLC apparatus with preparation column

Hypersil C18 (20�250mm, 10mm). Silica gel (200–300 mesh, Qingdao Haiyang

Chemical Co. Ltd, Qingdao City, China) and HPD-400 macroporous resin

(Cangzhou Baoen, Co. Ltd) were used for column chromatography.
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