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An actinomycete, designated strain GIMV4.0001T, was isolated from a forest soil sample in

Vietnam. It produced white aerial mycelium and violet–blue diffusible pigment on Gause’s

synthetic agar. The substrate mycelium colour was not sensitive to pH. Micoscopic observations

revealed that strain GIMV4.0001T produced long, straight chains of cylindrical spores, and

chemotaxonomic data confirmed that it belongs to the genus Streptomyces. Melanin was

produced, but no antibacterial activity was evident against Escherichia coli, Pseudomonas

aeruginosa, Bacillus subtilis, Candida albicans or Penicillium citrinum. Analysis of the 16S rRNA

gene sequence of strain GIMV4.0001T revealed that the highest similarity (99.4 %) was to

Streptomyces bikiniensis ATCC 11062T. However, the DNA–DNA relatedness between strain

GIMV4.0001T and S. bikiniensis ATCC 11062T was found to be 50.3 %. Strain GIMV4.0001T

could also be differentiated from S. bikiniensis ATCC 11062T and other Streptomyces species

showing high 16S rRNA gene sequence similarity (98–99 %) based on morphological,

physiological and biochemical characteristics. On the basis of its physiological and molecular

properties, it is evident that strain GIMV4.0001T represents a novel species of the genus

Streptomyces, for which the name Streptomyces vietnamensis sp. nov. is proposed. The type

strain is GIMV4.0001T (5CCTCC M 205143T5IAM 15340T).

Streptomyces species are abundant in terrestrial environ-
ments and are easily isolated on simple laboratory media.
They have broad metabolic capabilities and can produce
pigments and antibiotics; they have use in various
applications, especially in the food and pharmaceutical
industries. Strain GIMV4.0001T was isolated from the
forest at Do Xongpha, Vietnam, in September 2004. [The
soil samples were inoculated into Gause’s synthetic agar
medium (Atlas, 1993) and incubated for 5–7 days at 28 uC].
The strain produced large quantities of violet–blue
diffusible pigment on Gause’s synthetic agar medium.

International Streptomyces Project (ISP) media were
prepared according to the methods of Shirling & Gottlieb
(1966). Morphological and physiological characteristics
were determined as recommended by Williams et al.
(1989). Morphological observations of spores and mycelia
were conducted via light microscopy (Leica DM RAR)
and scanning electron microscopy (Phillip FEI-XL30).
Physiological tests were carried out at 28 uC (unless
otherwise indicated). All carbon sources for carbon-utiliza-
tion tests were filter-sterilized. Melibiose, glucose, sorbinose,
sucrose, D-fructose, xylose, D-galactose, rhamnose, arabinose
and D-mannitol were tested as sole carbon source at
concentrations of 0.1 % (w/v). Colour determination was
referenced against Kornerup & Wanscher (1978).

Analysis of the isomer of diaminopimelic acid (DAP) and
the whole-cell sugar composition followed the procedure

Abbreviations: DAP, diaminopimelic acid; ISP, International
Streptomyces Project.

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of Streptomyces vietnamensis GIMV4.0001T is DQ311081.
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described by Hasegawa et al. (1983) with the exception that
dried cells were used instead of colonies from agar plates.
Fatty acid methyl esters were prepared by using the
trimethyl sulfonium hydroxide method (Butte, 1983). The
base composition of the genomic DNA of strain
GIMV4.0001T was determined in 0.16SSC following the
method of Mandel & Marmur (1968). Genomic DNA was
extracted (Cui et al., 2001) and the 16S rRNA gene
sequence was amplified by PCR by using universal bacterial
16S rRNA gene primers. The forward primer F27 (59-
AGAGTTTGATCCTGGCTCAG-39) and reverse primer
1522R (59-AAGGAGGTGATCCAGCCGCA-39) were
adapted from primers pA and pH of Edwards et al.
(1989). The 16S rRNA gene was sequenced using an
automated capillary DNA sequencing system (ABI 3730)
and a Bigdye Terminator cycle sequencing kit. DNA
relatedness studies were conducted by using the fluoro-
metric microdilution plate method (Ezaki et al., 1988;
Sawabe et al., 1998).

Strain GIMV4.0001T grew well on yeast extract/malt
extract agar (ISP2), oatmeal agar (ISP3) and Gause’s
synthetic agar. It exhibited moderate growth on inorganic
salts/starch agar (ISP4) and glycerol–asparagine agar
(ISP5), but poor growth on Czapek agar media (Atlas,
1993). Diffusible pigments of different colours were
produced on the various test media (Table 1). The colour
range was from bluish violet (18C8) to violet–blue (19C8).

Morphological features were observed on ISP2, ISP3, ISP4
and ISP5. Cultures were incubated for 2 weeks at 28 uC.
Strain GIMV4.0001T showed characteristics typical of the
genus Streptomyces. Microscopical studies revealed a
branched mycelium without verticils. The aerial mycelium
produced flexuous (rectiflexibiles) spore chains. Spores
were cylindrical and smooth (Fig. 1).

Chemotaxonomic tests showed that the cell wall contained
LL-DAP, indicating that it was of cell-wall type I
(Lechevalier & Lechevalier, 1970). Whole-cell hydrolysates
contained mainly mannose and small quantities of ribose
and galactose. Fatty acid analysis showed that strain
GIMV4.0001T contained straight-chain, and iso- and

anteiso-branched components and a high proportion of
unsaturated components: iso-C14 : 0 (6.995 %), anteiso-
C16 : 0 (20.1 %), C18 : 0 (5.8 %), C16 : 1 (17.8 %), C18 : 1

(33.5 %) and C18 : 2 (15.8 %). The G+C content of the
genomic DNA was 73.9 mol%. Melanin was produced on
tyrosine agar (ISP7).

A 1419-bp 16S rRNA gene sequence was determined for
strain GIMV4.0001T. A BLAST search (Altschul et al., 1997)
of the GenBank database using this sequence showed its
similarity to that of many species of the genus Streptomyces.
The 16S rRNA gene sequence of strain GIMV4.0001T

showed levels of similarity of 99.4 % (over 1410 bases) to
that of Streptomyces bikiniensis ATCC 11062T (GenBank
accession no. X79851), 98.9 % (over 1404 bases) to that of
Streptomyces showdoensis ATCC 15105T (GenBank acces-
sion no. AY999741), 99.1 % (over 1406 bases) to that of
Streptomyces viridobrunneus ATCC 43698T (GenBank
accession no. AJ781372) and ,98 % to that of other
Streptomyces species.

A phylogenetic tree based on 16S rRNA gene sequences of
members of the genus Streptomyces was constructed

Table 1. Cultural characteristics of strain GIMV4.0001T on various media

ISP media (Shirling & Gottlieb, 1966) are described in the text. Diffusible pigment was observed on most of the media listed. Colour comparisons

were made against Kornerup & Wanscher (1978).

Characteristic ISP2 ISP3 ISP4 ISP5 Czapek agar Gause’s synthetic

agar

Growth Good Good Moderate Moderate Poor Good

Sporulation Good Good Moderate Moderate Poor Good

Colour of:

Aerial mycelium White White White White White White

Substrate mycelium Reddish brown Reddish brown Reddish brown Reddish brown Greyish orange Reddish brown

Colour of diffusible

pigment

Violet–blue Violet–blue Bluish violet Bluish violet – Violet–blue

Fig. 1. Scanning electron micrograph of cells of strain GIMV4.
0001T grown on inorganic salts/starch agar (ISP4) at 28 6C for 14
days. Flexuous spore chains (rectiflexibiles) of cylindrical spores
are evident. Bar, 2 mm.
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according to the neighbour-joining method of Saitou &
Nei (1987) with CLUSTAL W (version 1.81) and MEGA

(version 3.1; Kumar et al., 2001) (Fig. 2). For the
neighbour-joining analysis, a distance matrix was calcu-
lated according to Kimura’s two-parameter correction
model. This tree shows the close phylogenetic association
of strain GIMV4.0001T with certain other Streptomyces
species.

The morphological and physiological characteristics of
strain GIMV4.0001T, for example its cell-wall type, whole-
cell sugar pattern and fatty acid profile, were also consistent
with those of members of the genus Streptomyces.

Strain GIMV4.0001T produced reddish-brown substrate
mycelium and grey spore mass, and developed cylindrical
spores in flexuous chains. Melanin was produced. Bluish-
violet or violet–blue diffusible pigments were produced.
The pigment was pH-sensitive, and was stable at high
temperature and under UV light. Comparison of the
cultural characteristics of strain GIMV4.0001T and its
closest phylogenetic neighbours (Table 2), however,
revealed significant differences from those Streptomyces
species showing .99 % 16S rRNA gene sequence similarity.

S. bikiniensis differed from strain GIMV4.0001T in that it
did not produce a diffusible pigment on ISP media; S.
showdoensis did not produce diffusible pigment on ISP
media and S. viridobrunneus produced a green pigment.
Despite the high 16S rRNA gene sequence similarity
between strain GIMV4.0001T and S. bikiniensis, they could
be differentiated based on morphological and cultural
characteristics (Table 2), carbon-utilization patterns, fatty
acid methyl esters and antibiotic resistance properties
(Table 3), indicating that strain GIMV4.0001T does not
belong to S. bikiniensis. DNA–DNA hybridization studies
confirmed that strain GIMV4.0001T is unique. The level of
DNA–DNA relatedness between strain GIMV4.0001T and
S. bikiniensis ATCC 11062T was 50.3 %.

Other Streptomyces species that showed .98 % 16S rRNA
gene sequence similarity to strain GIMV4.0001T revealed
significant differences when grown on ISP media. For
example, Streptomyces tanashiensis, Streptomyces cinereor-
uber, Streptomyces filamentosus and Streptomyces venezuelae
differed from strain GIMV4.0001T in that they did not
produce pigments (Shirling & Gottlieb, 1968a, b, 1969);
Streptomyces exfoliatus differed in producing pink aerial
mycelium but no substrate mycelial pigment (Shirling &

Fig. 2. Unrooted phylogenetic tree based on
16S rRNA gene sequences, showing the
relationship between strain GIMV4.0001T

and Streptomyces species belonging to the
major, minor and single member clusters
defined by Williams et al. (1983). The 16S
rRNA gene sequence of Actinomadura hibisca

JCM 9627T was used as an outgroup.
GenBank sequence accession numbers are
given in parentheses. The tree was generated
by using the neighbour-joining method. Bar,
0.01 substitutions per nucleotide position.

Table 2. Cultural characteristics of strain GIMV4.0001T and its phylogenetic neighbours

Data for reference species were taken from Shirling & Gottlieb (1968b, 1972), Preobrazhenskaya et al. (1983) and Williams et al. (1983).

Characteristic Strain GIMV4.0001T S. bikiniensis S. showdoensis S. viridobrunneus

Colony colour on ISP2 Grey–white Grey Grey–white Grey

Spore shape Cylindrical Oval Ellipsoid or column Oval or long round

Spore chain morphology Straight or flexuous Straight to flexuous Long straight or flexuous Straight or flexuous

Spore surface Smooth Smooth Smooth Smooth

Production of diffusible

pigment

Violet–blue – – Green
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Gottlieb, 1968a); Streptomyces rubiginosohelvolus produced
either a light-yellow diffusible pigment and light-yellow
aerial mycelium or no pigment at all (Shirling & Gottlieb,
1968b); Streptomyces crystallinus produced a light-brown or
dark-brown diffusible pigment (Williams et al., 1989).

These results support the classification of strain
GIMV4.0001T as representing a novel species of the genus
Streptomyces, for which we propose the name Streptomyces
vietnamensis sp. nov. Additional data from the phenotypic
characterization of strain GIMV4.0001T are presented below.

Description of Streptomyces vietnamensis
sp. nov.

Streptomyces vietnamensis (vi.et.nam.en9sis. N.L. masc. adj.
vietnamensis pertaining to Vietnam, the geographical
location from where the type strain was isolated).

Aerobic, Gram-positive, catalase-positive and forms a
white aerial mycelium and a reddish-brown substrate
mycelium. Verticils are not present. The mycelium does
not fragment. Straight to flexuous chains of cylindrical
spores are produced. Diffusible pigments are produced on
ISP2, ISP3, ISP4 and ISP5 media and on Gause’s synthetic
agar, but not on Czapek solution agar. Melanin is
produced on ISP7. Although growth on ISP4 is initially
slow, very good growth with profuse sporulation is
observed on this medium after 14 days. Very good growth
occurs on ISP2, Gause’s synthetic agar and ISP3. Moderate
growth is observed on ISP5 but only poor growth on
Czapek agar. The substrate mycelium is reddish brown on

ISP2, ISP5, Gause’s synthetic agar, ISP4 and ISP3, but
greyish orange on Czapek medium. Cell wall contains LL-
DAP (cell-wall type I). Whole-cell sugar pattern contains
diagnostic sugars: mannose, small quantities of ribose and
galactose. No antibiosis is exhibited against Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 6538, Bacillus
subtilis ATCC 6633, Candida albicans ATCC 10231 or
Penicillium citrinum AS3.2788. Utilizes melibiose, glucose,
sorbinose, sucrose, D-fructose, xylose, D-galactose, rham-
nose and arabinose. Positive for production of H2S, but
pectin is not hydrolysed. The DNA G+C content of the
type strain is 73.9 mol%.

The type strain, GIMV4.0001T (5CCTCC M 205143T5

IAM 15340T), was isolated from a forest soil sample in
Vietnam
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