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Abstract Large numbers of putatively novel streptomy-
cetes were isolated from rhizosphere soils of Albizia
distachya, Colutea arborescens, Gleditsia triancanthos,
Medicago arborea, Robinia pseudoacacia, Sophora japonica,
Spartium junceum, Tipuana tipu and Wisteria sinensis.
Representative isolates were determined to 6 multi-
membered and 11 single-membered colour groups based on
their ability to form pigments on oatmeal and peptone yeast
extract iron agars. The largest colour groups, which encom-
passed 40 isolates with morphological properties typical of
members of the Streptomyces violaceusniger 16S rRNA gene
clade, were tested for a characteristic PCR amplification
product with taxon-specific primers. In spite of highest 16S
rRNA gene nucleotide similarity among the isolated strains
belonging to the S. violaceusniger 16S rRNA gene clade, it is
evident from the phenotypic, molecular and chemical results
obtained that many new species will emerge.

Keywords Biodiversity . Streptomyces violaceusniger
clade . Polyphasic taxonomy

Introduction

The actinomycetes, especially Streptomyces spp. are well-
known saprophytic organisms that decompose organic
matter, particularly biopolymers such as lignocellulose,
starch and chitin, in soil (Crawford et al. 1993; Strap and
Crawford 2006). The taxon contains aerobic, Gram-positive
actinomycetes with DNA rich in G + C (Williams et al.
1989; Manfio et al. 1995). They produce extensive
branching substrate and aerial mycelia that typically
differentiate into chains of spores, and contain LL-
diaminopimelic acid but no characteristic sugars in the cell
wall (Lechevalier and Lechevalier 1970). The filamentous
of growth of Streptomyces gives them a competitive
advantage in colonising not only solid substrates such as
decomposing plant residues, but also the rhizosphere (Strap
and Crawford 2006). Plant rhizospheres remain an
insufficiently explored reservoir of novel microorganisms
producing bioactive metabolites. The soil of the rhizo-
sphere zone is influenced directly by plant roots, and is a
biologically complex and distinct microhabitat within the
terrestrial ecosystem (Zaehner and Fiedler 1995; Paterson
et al. 1995). The rhizosphere represents a substantial
biological niche that supports a quantity of diverse
saprophytic microorganisms due to the a high input of
organic material provided from plant roots and root
exudates (Merckx et al. 1987). Rhizospheres are also an
environment in which complex interactions abound be-
tween beneficial and deleterious microorganisms and their
plant hosts (Loper 1998).

Specific rhizosphere-colonising Streptomyces, such as
members of the Streptomyces violaceusniger 16S rRNA
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gene clade, are known to grow in close association with
plant root systems, where their presence and activity benefit
plant growth and protect plant roots against attack
by fungal pathogens (Doumbou et al. 2002; Tokala et al.
2002; Coombs and Franco 2003; Conn and Franco 2004;
Goodfellow et al. 2007). In addition, streptomycetes
synthesis an array of biodegradative enzymes, such as
chitinases (Blaak et al. 1993; Gupta et al. 1995; Mahadevan
and Crawford 1997), glucanases (Harchand and Singh
1997; Thomas and Crawford 1998; Trejo-Estrada et al.
1998a), peroxidases (Ramachandra et al. 1988; Tuncer et al.
2004, 2009), and other metabolites possibly involved in
mycoparasitic activity.

Taxonomic relationships within the genus Streptomyces
have been clarified by the application of genotypic and
phenotypic methods (Goodfellow et al. 1992; Manfio et al.
1995; Anderson and Wellington 2001; Kumar and Good-
fellow 2008). It is now apparent that many streptomycete
type strains can be assigned to distinct multimembered
species groups, as exemplified by species classified in the
Streptomyces albidoflavus (Lanoot et al. 2005), Streptomyces
griseus (Liu et al. 2005), Streptomyces violaceoruber
(Duangmal et al. 2005), Streptomyces violaceusniger
(Sembiring et al. 2000) and Streptomyces yeochonensis (Xu
et al. 2006) 16S rRNA gene clades.

Members of the S. violaceusniger 16S rRNA gene clade
form a grey aerial spore mass and greyish-yellow substrate
mycelium on oatmeal agar, produce aerial hyphae that
differentiate into spiral chains of rugose ornamented spores
(Sembiring et al. 2000; Ward and Goodfellow 2004;
Goodfellow et al. 2007; Kumar and Goodfellow 2008),
and give a characteristic amplification product with taxon-
specific primers (Kumar et al. 2007). Strains belonging to the
S. violaceusniger 16S rRNA gene clade have been isolated
from non-rhizosphere (Al-Tai et al. 1999; Saintpierre et al.
2003; Hayakawa et al. 2004) and rhizosphere (Sembiring et
al. 2000) soil from various sites around the world. PCR
amplification of DNA extracted from marine and terrestrial
samples using S. violaceusniger-clade-specific primers pro-
vides further evidence for the widespread distribution of
novel members of the clade in natural habitats (Kumar et al.
2007).

The primary aim of the present study was to determine
the nature and extent of the taxonomic diversity of
members of the S. violaceusniger clade associated with
the rhizosphere of natural or planted legumes in Turkey, i.e.
Albizia distachya (Vent.) Macb., Colutea arborescens L.,
Gleditsia triancanthos L., Medicago arborea L., Robinia
pseudoacacia, Sophora japonica L., Spartium junceum L.,
Tipuana tipu (Benth.) Kuntze and Wisteria sinensis Sweet.

Materials and methods

Selective isolation

Rhizosphere samples were collected from and around the
root systems of legumes in Izmir and Samsun, Turkey. One
gram of soil sample was suspended in 9 ml sterile one-
quarter strength Ringer’s solution (Oxoid, Basingstoke,
UK) and shaken for 30 min on a tumble shaker (Luckham,
Burgess Hill, UK) at speed setting 8 at room temperature.
This 10−1 dilution was then treated in a pre-warmed water
bath at 60○C for 15 min. Aliquots (0.1 ml) of 10-2 to 10-4

tenfold serial dilutions were spread over the surface of
dried starch casein agar (Küster and Williams 1964)
plates supplemented with filter sterilised cycloheximide
(50 μg ml−1), nystatin (50 μg ml−1) and rifampicin
(0.5 μg ml−1) and incubated at 28°C for 14 days.

A total of 305 representatives of isolates putatively
assigned to the genus Streptomyces on the basis of colony
morphology—notably aerial spore mass colour, substrate
mycelial pigmentation and the colour of any diffusible
pigments—were sub-cultured on glucose yeast malt
extract agar, incubated at 28°C for 14 days, and checked
for purity by microscopic examination of Gram-stained
smears. The isolates were maintained as suspensions
of spores and mycelial fragments in glycerol (20%, v/v)
at −20°C.

Colour grouping, maintenance and morphological
characteristic of strains

Representative isolates were inoculated onto oatmeal
(ISP3; Küster 1959) and peptone-yeast extract-iron agar
plates (ISP6; Shirling and Gottlieb 1966), which were
incubated at 28°C for 14 and 4 days, respectively. The
oatmeal agar plates were examined for aerial spore mass
colour, substrate mycelium pigmentation; colour of any
diffusible pigments was recorded using the National
Bureau of Standards (NBS) Colour Name Charts (Kelly
1958). The peptone yeast extract-iron agar plates were
used to determine whether the isolates produced melanin
pigments. The isolates were assigned to 6 multi- (5–40
isolates) and 11 single-membered colour groups. The
largest colour group, which contained 40 isolates consid-
ered to have colonial properties consistent with their
assignment to the S. violaceusniger 16S rRNA gene clade
(Sembiring et al. 2000), was subjected to a polyphasic
approach (Table 1).

Spore-chain morphology was determined by light and
scanning electron microscopy (SEM) of 14-day-old
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cultures grown at 28°C on inorganic salts-starch agar
(ISP 4; Shirling and Gottlieb 1966). Spore chain
morphology was observed using a Nikon Optiphot
binocular light microscope fitted with long working
distance objectives; spore-chains were assigned to the
morphological categories proposed by Pridham et al.
(1958). Spore surface ornamentation was determined on
SEM preparations using a Cambridge Stereoscan 240
instrument; ornaments were assigned to the categories of
Tresner et al. (1961).

Chemotaxonomy

The isomeric form of diaminopimelic acid (A2pm) was
determined by thin-layer chromatography of whole-
organism hydrolysates on cellulose acetate sheets follow-
ing the procedure described by Staneck and Roberts
(1974), with a modified solvent system, namely metha-
nol:H2O:HCl:10 N pyridine (85:15:5:10, v/v). Fatty
acids were extracted, methylated and analysed by GC
using the standard MIDI (Microbial Identification; Micro-
bial ID, Newark, DE) system (Sasser 1990; Kämpfer and
Kroppenstedt 1996).

DNA preparation, amplification and sequencing of 16S
rRNA genes

Extraction of genomic DNA and PCR-amplification of 16S
rRNA genes from the 40 strains were carried out as
described by Pitcher et al. (1989), using the modifications
of Sembiring et al. (2000). The amplified fragments were
purified with QIAquick purification kits (Qiagen, Valencia,

CA) and sequenced directly using ABI PRISM BigDye
Terminator Cycle Sequencing kits (Applied Biosystems,
Foster City, CA) and previously described oligonucleotide
primers (Lane 1991; Chun and Goodfellow 1995). Sequenc-
ing gel electrophoresis was performed and nucleotide
sequences were obtained automatically using an Applied
Biosystem DNA sequencer (model 377) and software
provided by the manufacturer.

PCR amplification using taxon-specific primers

Representatives of the resulting colour groups, which were
considered to have colonial properties consistent with their
assignment to the S. violaceusniger clade (Sembiring et al.
2000; Goodfellow et al. 2007) in that they formed a gray-
to-blackish aerial spore mass on oatmeal agar, did not
produce melanin pigments on peptone-yeast extract-iron
agar, and produced spiral chains of rugose ornamented
spores, were tested for a characteristic PCR amplification
product with taxon-specific primers (Goodfellow et al.
2007; Kumar et al. 2007).

Phylogenetic analysis

The resultant 16S rRNA gene sequences were aligned
manually using the PHYDIT program (Chun 1995) against
the corresponding streptomycete sequences retrieved from
the GenBank, EMBL and DDBJ databases. An unrooted
phylogenetic tree was inferred using the neighbour-joining
(Saitou and Nei 1987) tree-making algorithm from the
PHYLIP suite of programs (Felsenstein 1993). An evolu-
tionary distance matrix was generated for the neighbour-

Laboratory number Source of strains

Streptomyces sp. M5038, M5047, M5055,
M5077, M5090

Albizia distachya, Izmir, Turkey

Streptomyces sp. M4031, M4032, M4033,
M4039, M4041, M4042,
M4050

Colutea arborescens, Izmir, Turkey

Streptomyces sp. M1331, M1345, M1351,
M1362, M1375, M1399

Gleditsia triancanthos, Samsun, Turkey

Streptomyces sp. M1001, M1075, M1082 Medicago arborea, Izmir, Turkey

Streptomyces sp. M1499, M1400, M1444,
M1455, M1456, M1470,
M1473, M1481, M1491

Robinia pseudoacacia, Samsun, Turkey

Streptomyces sp. M2002, M2062, M2048 Tipuana tipu, Izmir, Turkey

Streptomyces sp. M1241, M1243, M1244,
M1247, M1256, M1286,
M1287

Wisteria sinensis, Samsun, Turkey

Table 1 Source of isolates
identified as members of the
Streptomyces violaceusniger
16S rRNA gene clade using
molecular techniques
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joining as described by Jukes and Cantor (1969). The
resultant tree topology was evaluated by a bootstrap analysis
(Felsenstein 1985) of the neighbour-joining dataset, based
on 1000 bootstrap resampling, using the SEQBOOT
and CONSENSE programs from the PHYLIP package
(Felsenstein 1993).

Phenotypic characterisation

Forty isolated strains were examined for 49 unit characters
using the media and methods described by Williams et al.
(1983).

Results and discussion

Selective isolation, enumeration and colour grouping

Isolates presumptively assigned to the genus Streptomy-
ces were distinguished from other bacterial colonies
growing on the starch casein agar plates by their
characteristic colonial and pigmentation properties. Large
numbers of the target organisms were isolated from the
heat-treated suspension of rhizosphere soil following
incubation on selective isolation media. Representatives
of presumptive streptomycetes growing on starch-casein
agar plates were assigned to 6 multi-membered (5–40
isolates) and 11 single-membered colour groups (data not
shown). The largest colour group encompassed 40 isolates
that formed a grayish aerial spore mass, a grayish-yellow
reverse colour and yellow diffusible pigment on oatmeal
agar, but did not produce melanin pigments on peptone-
yeast extract-iron agar. These organisms formed an
extensively branched substrate mycelium, and aerial
hyphae that differentiate into rugose-ornamented spores
in spiral spore chains; apart from the production of the
yellow diffusible pigment, these properties are consistent
with the largest colour group in the S. violaceusniger 16S
rRNA gene clade (Sembiring et al. 2000; Goodfellow
et al. 2007). Members of the largest colour group
were tested with taxon-specific primers described by
Kumar et al. (2007) and gave a PCR amplification product
characteristic of members of the S. violaceusniger clade
(data not shown). These data show that the selected
40 strains are authentic members of the S. violaceusniger
16S rRNA gene clade (Goodfellow et al. 2007; Kumar
et al. 2007).

Most actinomycetes in soil belong to the genus Strepto-
myces, and there are several reports of the presence of large
populations of Streptomyces in the rhizosphere of legumes,

which are common in plant root systems (Watson and
Williams 1974; Upton 1994; Atalan et al. 2000; Sembiring
et al. 2000; Suzuki et al. 2000), producing biologically
active compounds such as antifungal and antibacterial
agents. They also produce plant-growth-promoting sub-
stances that have been improved for agricultural use (Ilic et
al. 2007). Plant root exudates increase microbial colonisa-
tion and activity in the rhizosphere substantially. However,
the composition and quantity of root exudates varies
depending on the plant species in terms of components
such as ions, free oxygen and water, enzymes, mucilage,
and a range of primary and secondary metabolites (Uren
2000). It is interesting that we found no members of the
Streptomyces violaceusniger 16S rRNA gene clade among
the strains that were isolated from Sophora japonica and
Spartium junceum rhizosphere soils.

It has already been pointed out that members of the S.
violaceusniger 16S rRNA gene clade are the source of
many useful products, and they have also been considered
as useful biological control agents (Chamberlain and
Crawford 1999; Getha and Vikineswary 2002; Trejo-
Estrada et al. 1998a, b). However, despite the industrial
and ecological importance of members of the S. viola-
ceusniger clade, little is known about their taxonomic
diversity, geographical distribution or ecological role in
their natural habitats. It is interesting that all 40 isolates
inhibited the growth of Aspergillus flavus NRLL 1957,
Aspergillus niger (isolated strain), Aspergillus parasiticus
NRRL 465 and Candida albicans ATCC 10231 (data not
shown). Further studies are needed to establish the roles
that the constituent members of this clade play in soil
ecosystems, notably their interactions with fungal pathogens
in root systems.

Chemical, cultural and morphological properties

All isolates contained LL-diaminopimelic acid and were
rich in iso- and anteiso-branched fatty acid. The chain
lengths of the major fatty acid components were between
14 and 17 carbon atoms, with 12-methyltetradecanoic
(anteiso-C15:0), 14-methylpentadecanoic (iso-C16:0),
hexadecanoic (C16:0) and 14-methylhexadecanoic (ante-
iso-C17:0) fatty acids as the predominant components
(Table 2). Forty representative isolates belong to S.
violaceusniger clade, formed rugose ornamented spores in
spiral spore chains, as exemplified in Fig. 1.

Phenotypic characterization

The isolated strains were examined for a range of
phenotypic features, including enzyme activities, degrada-
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tion, growth on sole carbon and nitrogen sources, growth at
different pH and temperatures and antibiotic resistances.
The phenotypic profiles of the isolated strains are shown in
Tables 3 and 4.

Phylogenetic characterization

Comparison of the almost complete 16S rRNA nucleotide
(nt) gene sequences obtained for the isolated strains with
the corresponding sequences of the Streptomyces viola-
ceusniger 16S rRNA gene clade showed that 35 out of the
40 strains (exceptions being strains M1082, M1001,
M1400, M1499 and M5090) were assigned according to
morphological properties and diagnostic PCR amplification
with clade specific primers to the S. violaceusniger 16S
rRNA gene clade. The others formed a closely related but
distinct group with the species S. malaysiensis (Fig. 2); 15
out of the 40 strains (M1243, M1244, M1247, M1256,
M1331, M1456, M1470, M1473, M2062, M4039, M4041,
M4052, M5047, M5055 and M5077) showed 100% 16S
rRNA gene nt similarities. The corresponding 16S rRNA
gene sequence similarities for these 15 strains and their
nearest neighbours, namely Streptomyces malaysiensis
DSM 41697T (AF117304), were 99.4% (9 nt differences
at 1439 sites). Similarly, strains M1345, M1351 and M5038
presented 100% 16S rRNA gene nucleotide (nt) similari-
ties, and the corresponding 16S rRNA gene sequence
similarities for these three strains and their nearest
neighbour type strain, namely S. malaysiensis DSM
41697T (AF117304), were 99.4% (10 nt differences at
1439 sites). Nevertheless, two strains, namely M1399 and
M2002, are most closely associated and share highest 16S
rRNA gene similarities with the species S. malaysiensis

(99.9 and 99.1%; values, which correspond to 1 and 13 nt
differences at 1439 sites, respectively). The 16S rRNA
similarity values and the associated differences found
between the remaining 17 isolates and the most closely
related marker strain, S. malaysiensis, ranged from 99.8 to
99.0% (1 to 14 nt differences at 1439 sites). It can be seen
from the phylogenetic tree (Fig. 2) that isolates M1082 and
M1001 belong to, or are most closely associated with, the
type strain S. antimycoticus NBRC12839T. Strain M1001
and S. antimycoticus share 16S rRNA gene similarities of
100% over 1446 locations, while M1082 and S. antimyco-
ticus shared 16S rRNA gene similarities of 99.86%, a value
that corresponds to 2 nt differences in 1446 positions. The
two strains M1400 and M1499 belong to the type strains of
S. violaceusniger NRRL B-1476T, with 100% 16S rRNA
gene similarities at 1449 positions. The remaining strain
M5090 is also closely related to S. violaceusniger NRRL
B-1476T. These organisms share a 16S rRNA gene
similarity of 99.1%, a value that corresponds to 13 nt
differences at 1449 locations, and can be separated readily
using a range of phenotypic properties (Tables 3, 4).

Media low in organic nutrients, such as starch-casein
agar, were found to be good for isolating large numbers of
Streptomyces from rhizosphere soils, confirming the find-
ings of others workers (e.g., Sembiring et al. 2000). The
fact that rhizosphere-associated soils yielded almost twice
as many actinomycetes as non-rhizosphere-associated soil
show that members of the Streptomyces violaceusniger 16S
rRNA gene clade are especially abundant in the rhizosphere
(Crawford et al. 1993; Sembiring et al. 2000; Goodfellow et
al. 2007).

The 40 isolates belonging to the largest colour group
formed rugose-ornamented spores in spiral spore chains on
inorganic salts starch agar—properties also shown by the
members of the S. violaceusniger clade. This assignment
was confirmed both by PCR products generated with clade-
specific primers and by the results of 16S rRNA sequence
analysis, which showed that all 40 representative isolates
belong to a phylogenetic group with members of the S.
violaceusniger clade. It is apparent from Fig. 2 that isolates
M1082, M1001, M1400, M1499 and M5090 formed a sub-
clade together with S. malaysiensis DSM 41697T, separate
from other type strains of the S. violaceusniger 16S rRNA
gene clade. However, further comparative studies are
needed to resolve the complex taxonomic relationship
between strains assigned to the S. violaceusniger clade.
The isolation of members of the S. violaceusniger 16S
rRNA gene clade from the rhizospheres of legume plants
suggests that a specific root-colonizing relationship be-
tween Streptomyces sp. and legumes could exist. These
rhizosphere-colonizing streptomycetes show huge potential
as a potential source of novel antibacterial, antifungal and
plant growth-regulatory metabolites.

Fig. 1 Scanning electron micrograph (SEM) showing spiral chains of
rugose ornamented spores of strain M1082 grow on inorganic salts-
starch agar (ISP medium no.4) at 28°C for 14 days
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Fig. 2 Neighbour-joining tree based on 16S rRNA gene sequences
showing the relationships among new isolates and the type strains of
the Streptomyces violaceusniger 16S rRNA gene clade. The numbers at

the nodes indicate levels of bootstrap support (%) based on a
neighbour-joining analysis of 1000 resampled datasets; only values
above 50% are cited. Bar 0.02 substitutions per site

682 Ann Microbiol (2010) 60:669–684



Acknowledgements This research was supported by The Basic
Sciences Research Group (TBAG) of Scientific and Technological
Research Council of Turkey (TUBITAK; project no. 106T029).

References

Al-Tai A, Kim B, Kim SB, Manfio GP, Goodfellow M (1999)
Streptomyces malaysiensis sp. nov., a new streptomycete species
with rugose, ornamented spores. Int J Syst Bacteriol 49:1395–1402

Anderson AS, Wellington EMH (2001) The taxonomy of Streptomyces
and related genera. Int J Syst Evol Microbiol 51:797–814

Atalan E, Manfio GP, Ward AC, Kroppenstedt RM, Goodfellow M
(2000) Biosystematic studies on novel streptomycetes from soil.
Antonie van Leeuwenhoek 77:337–353

Blaak H, Schnellmann J, Walter S, Henrissat B, Schrempf H (1993)
Characteristics of an exochitinase from Streptomyces olivaceo-
viridis, its corresponding gene, putative protein domainsand
relationship to other chitinases. Eur J Biochem 214:659–669

Chamberlain K, Crawford DL (1999) In vitro and in vivo antagonism
of pathogenic turfgrass fungi by Streptomyces hygroscopicus
strains YCED 9 and WYE 53. J Ind Microbiol Biotechnol
23:641–646

Chun J (1995) Computer assisted classification and identification of
actinomycetes. PhD thesis, Department of Microbiology, Uni-
versity of Newcastle, Newcastle upon Tyne, UK

Chun J, Goodfellow M (1995) A phylogenetic analysis of the genus
Nocardia with 16 S rRNA gene sequences. Int J Syst Bacteriol
45:240–245

Conn VM, Franco CMM (2004) Analysis of the endophytic actino-
bacterial population in roots of wheat (Triticum aestivum L.) by
terminal restriction fragments length polymorphism and sequenc-
ing of 16 S rRNA Clones. Appl Environ Microbiol 70:1787–
1794

Coombs JT, Franco CMM (2003) Isolation and identification of
actinobacteria from surface-sterilized wheat roots. Appl Environ
Microbiol 69:5603–5608

Crawford DL, Lynch JM, Whipps JM, Ousley MA (1993) Isolation
and characterization of actinomycete antagonists of a fungal root
pathogen. Appl Environ Microbiol 59:3899–3905

Doumbou CL, Salove MKH, Crawford DL, Beaulieu C (2002)
Actinomycetes, promising tools to control plant diseases and to
promote plant growth. Phytology 82:85–102

Duangmal K, Ward AC, Goodfellow M (2005) Selective isolation of
members of the Streptomyces violaceoruber clade from soil.
FEMS Microbiol Lett 245:321–327

Felsenstein J (1985) Confidence limits on phylogenies: an approach
using the bootstrap. Evolution 39:783–791

Felsenstein J (1993) PHYLIP (Phylogenetic Inference Package),
version 3.5c. Department of Genetics, University of Washington,
Seattle

Getha K, Vikineswary S (2002) Antagonistic effects of Streptomyces
violaceusniger strain G10 on Fusarium oxysporum f.sp. cubense
race 4: indirect evidence for the role of antibiosis in the
antagonistic process. J Ind Microbiol Biotechnol 28:303–310

Goodfellow M, Ferguson EV, Sanglier JJ (1992) Numerical classifi-
cation and identification of Streptomyces species: a review. Gene
115:225–233

Goodfellow M, Kumar Y, Labeda DP, Sembiring L (2007) The
Streptomyces violaceusniger clade: a home for streptomycetes with
rugose ornamented spores. Antonie van Leeuwenhoek 92:173–197

Gupta R, Saxena RK, Chaturvedi P, Virdi JS (1995) Chitinase
production by Streptomyces viridificans: its potential in fungal
cell wall lysis. J Appl Bacteriol 78:378–383

Harchand RK, Singh S (1997) Extracellular cellulose system of a
thermotolerant Streptomycete: Streptomyces albaduncus. Acta
Microbiolica Immunol Hunganca 44(3):229–239

Hayakawa M, Yoshida Y, Iimura Y (2004) Selective isolation of
bioactive soil actinomycetes belonging to the Streptomyces
violaceusniger phenotypic cluster. J Appl Microbiol 96:973–981

Ilic SB, Konstantinovic SS, Todorovic ZB, Lazic ML, Veljkovic VB,
Jokovic N, Radovanovic BC (2007) Characterization and
antimicrobial activity of the bioactive metabolites in streptomycete
isolates. Microbiology 76:421–428

Jukes TH, Cantor CR (1969) Evolution of protein molecules. In:
Munro HN (ed) Mammalian protein metabolism, vol 3. Academic,
New York, pp 21–132

Kämpfer P, Kroppenstedt RM (1996) Numerical analysis of fatty acid
patterns of coryneform bacteria and related taxa. Can J Microbiol
42:989–1005

Kelly KL (1958) Centroid notations for the revised ISCC-NBC color
name blocks. J Res Nat Bur Standards USA 61:427

Kumar Y, Goodfellow M (2008) Five new species of the Streptomyces
violaceusniger 16 S rRNA gene clade: Streptomyces castelar-
ensis comb. nov., Streptomyces himastatinicus sp. nov., S.
mordarskii sp. nov., S. rapamycinicus sp. nov. and S. ruanii sp.
nov. Int J Syst Evol Microbiol 58:1369–1378

Kumar Y, Aiemsum-Ang P, Ward AC, Goodfellow M (2007)
Diversity and geographical distribution of members of the
Streptomyces violaceusniger 16 S rRNA gene clade detected by
clade-specific PCR primers. FEMS Microbiol Ecol 62:54–63

Küster E (1959) Outline of a comparative study of criteria used in
characterization of the actinomycetes. Int Bull Bacteriol Nomencl
Taxon 9:97–104

Küster E, Williams ST (1964) Selection of media for isolation of
streptomycetes. Nature 202:928–929

Lane DJ (1991) 16 S/23 S rRNA sequencing. In: Stackebrandt E,
Goodfellow M (eds) Nucleic acid techniques in bacterial
systematics. Wiley, New York, pp 115–148

Lanoot B, Vancanneyt M, Hoste B, Vandameulebroecke K, Cnockaert
MC, Dawyndt P, Liu Z, Huang Y, Swings J (2005) Grouping
streptomycetes using 16 S-ITS RFLP fingerprinting. Res Microbiol
156:755–762

Lechevalier MP, Lechevalier H (1970) Chemical composition as a
criterion in the classification of aerobic actinomycetes. Int J Syst
Bacteriol 20:435–443

Liu Z, Shi Y, Zhang Y, Zhou Z, Lu Z, Li W, Huang Y, Rodriguez C,
Goodfellow M (2005) Classification of Streptomyces griseus
(Krainsky 1914) Waksman and Henrici 1948 and related species
and the transfer of ‘Microstreptospora cinerea' to the genus
Streptomyces as Streptomyces yanii sp. nov. Int J Syst Evol
Microbiol 55:1605–1610

Loper JE (1998) Role of fluorescent siderophore production in
biological control of P. ultimum by P. fluorescens strain.
Phytopathology 78:166–172

Mahadevan B, Crawford DL (1997) Properties of the chitinase of the
antifungal biocontrol agent Streptomyces lydicus WYEC108.
Enzyme Microb Technol 20:489–493

Manfio GP, Zakrzewska-Czerwinska J, Atalan E, Goodfellow M
(1995) Towards minimal standards for the description of
Streptomyces species. Biotechnologia 7–8:242–253

Merckx R, Dijkra A, Hartog AD, Veen JAV (1987) Production of root-
derived material and associated microbial growth in soil at
different nutrient levels. Biol Fertil Soils 5:126–132

Paterson E, Rattray EAS, Killham K (1995) Rhizosphere ecophysiol-
ogy. Encyclopedia of environmental biology, vol 3. Academic,
New York, pp 237–245

Pitcher DG, Saunders NA, Owen RJ (1989) Rapid extraction of
bacterial genomic DNA with guanidium thiocyanate. Lett Appl
Microbiol 8:151–156

Ann Microbiol (2010) 60:669–684 683



Pridham TG, Hesseltine CW, Benedict RG (1958) A guide for the
classification of Streptomyces according to selected groups. Appl
Microbiol 6:52–79

Ramachandra M, Crawford DL, Hertel G (1988) Characterization of
an extracellular lignin peroxidase of the lignocellulolytic actino-
mycete Streptomyces viridosporus. Appl Environ Microbiol
54:3057–3063

Saintpierre D, Amir H, Pineau R, Sembiring L, Goodfellow M (2003)
Streptomyces yatensis sp. nov., a novel bioactive streptomycete
isolated from a New-Caledonian ultramafic soil. Antonie van
Leeuwenhoek 83:21–26

Saitou N, Nei M (1987) The neighbor-joining method: a new method
for reconstructing phylogenetic trees. Mol Biol Evol 4:406–425

Sasser M (1990) Identification of bacteria by gas chromatography of
cellular fatty acids. Technical note 101. MIDI, Newark

Sembiring L, Ward AC, Goodfellow M (2000) Selective isolation and
characterisation of members of the Streptomyces violaceusniger
clade associated with the roots of Paraserianthes falcataria.
Antonie van Leeuwenhoek 78:353–366

Shirling EB, Gottlieb D (1966) Methods for characterisation of
Streptomyces species. Int J Syst Bacteriol 16:313–340

Staneck JL, Roberts G (1974) Simplified approach to identification of
aerobic actinomycetes by thin-layer chromatography. Appl
Microbiol 28:226–231

Strap JL, Crawford DL (2006) Ecology of Streptomyces in soil and
rhizosphere. In: Cooper J, Rao JR (eds) Molecular approaches to
soil, rhizosphere and plant microorganism analysis. CABI
Publishing, Wallingford, UK, pp 166–182

Suzuki S, Yamamoto K, Okuda T, Nishio M, Nakanishi N,
Komatsubara S (2000) Selective isolation and distribution of
Actinomadura rugatobispora strains in soil. Actinomycetologica
14:27–33

Thomas T, Crawford DL (1998) Cloning of clustered Streptomyces
viridosporus T7A lignocellulose catabolism genes encoding
peroxidase and endoglucanase and their extracellular expression
in Pichia pastoris. Can J Microbiol 44:364–372

Tokala RK, Strap JL, Jung CM, Crawford DL, Salove MH et al (2002)
Novel plant-microbe rhizosphere involving Streptomyces lydicus
WYEC108 and the pea plant (Pisum sativum). Appl Environ
Microbiol 68:2161–2171

Trejo-Estrada SR, Paszczynski A, Crawford DL (1998a) Antibiotics
and enzymes produced by the biocontrol agent Streptomyces
violaceusniger YCED9. J Ind Microbiol Biotechnol 21:81–90

Trejo-Estrada SR, Sepulveda SR, Crawford DL (1998b) In vitro and
in vivo antagonism of Streptomyces violaceusniger YCED9

against fungal pathogens of turfgrass. World J Microbiol
Biotechnol 14:865–872

Tresner HD, Davies MC, Backus EJ (1961) Microscopy of Strepto-
myces spore morphology and its role in species differentiation. J
Bacteriol 81:70–80

Tuncer M, Kuru A, Isikli M, Sahin N, Celenk FG (2004) Optimization
of extracellular endoxylanase, endoglucanase and peroxidase
production by Streptomyces sp. F2621 isolated in Turkey. J Appl
Microbiol 97:783–791

Tuncer M, Kuru A, Sahin N, Isikli M, Isik K (2009) Production and
partial characterization of extracellular peroxidase produced by
Streptomyces sp. F6616 isolated in Turkey. Ann Microbiol 59
(2):323–334

Upton M (1994) Ecological approaches to the selective isolation of
actinomycetes for bioactivity screening. PhD Thesis, University
of Newcastle, Newcastle upon Tyne, UK

Uren NC (2000) Types, amounts, and possible functions of compunds
released into the rhizosphere by soil-grown plants. In: Pinton R,
Varanini Z, Nannipieri P (eds) The rhizosphere: biochemistry and
organic substances at the soil-plant interface. Dekker, New York,
pp 19–40

Ward AC, Goodfellow M (2004) Phylogeny and functionality:
taxonomy as a roadmap to genes. In: Bull AT (ed) Microbial
diversity and bioprospecting. ASM, Washington, pp 288–313

Watson ET, Williams ST (1974) Studies on the ecology of actino-
mycetes in soil. VII. Actinomycetes in a coastal belt. Soil Biol
Biochem 6:43–52

Williams ST, Goodfellow M, Alderson G, Wellington EMH, Sneath
PHA, Sackin MJ (1983) Numerical classification of Streptomyces
and related genera. J Gen Microbiol 129:1743–1813

Williams ST, Goodfellow M, Alderson G (1989) Genus Streptomyces
Waksman and Henrici, 1943, 339AL. In: Williams ST, Sharpe
ME, Holt JG (eds) Bergey’s manual of systematic bacteriology,
vol. 4. Williams and Wilkins, Baltimore, pp 2452–2492

Xu C, Wang L, Cui Q, Huang Y, Liu Z, Zheng G, Goodfellow M
(2006) Neutrotolerant acidophilic Streptomyces species isolated
from acidic soils in China: Streptomyces guanduensis sp. nov.,
Streptomyces paucisporeus sp. nov., Streptomyces rubidus sp.
nov. and Streptomyces yanglinensis sp. nov. Int J Syst Evol
Microbiol 56:1109–1115

Zaehner H, Fiedler H (1995) The need for new antibiotics: possible
ways forward. In: Hunter PA, Darby GK, Russell NJ (eds) Fifty
years of antimicrobials: past perspective and future trends. SGM
symposium 53. Cambridge University Press, Cambridge, pp 67–
85

684 Ann Microbiol (2010) 60:669–684


	Diversity of members of the Streptomyces violaceusniger 16S rRNA gene clade in the legumes rhizosphere in Turkey
	Abstract
	Introduction
	Materials and methods
	Selective isolation
	Colour grouping, maintenance and morphological characteristic of strains
	Chemotaxonomy
	DNA preparation, amplification and sequencing of 16S rRNA genes
	PCR amplification using taxon-specific primers
	Phylogenetic analysis
	Phenotypic characterisation

	Results and discussion
	Selective isolation, enumeration and colour grouping
	Chemical, cultural and morphological properties
	Phenotypic characterization
	Phylogenetic characterization

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


