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Abstract: Three streptomycete strains were isolated from desert soil samples collected from Beni-Suef Governorate,
Egypt. The isolates were identified taxonomically using the polyphasic approach. The strains, designated WH2104,
WH2105 and WH2108 were found to have morphological and chemical properties typical of genus Streptomyces.
The aerial mycelia differentiated into long spore chains with smooth surface. They contain LL-diaminopimelic acid,
no diagnostic sugars, type PII phospholipids, and MK-9(Hs), MK-9(H,) and MK-9(Hs) as the predominant
menaquinones. All of these characters are consistent with their affiliation to the genus Streptomyces. The 16S rRNA
gene sequence analysis supported the classification of the three isolates in the genus Strepfomyces and also showed
that WH2105 and WH2108 formed separate clades in the Streptomyces 16S rRNA gene tree. It was concluded from
the phenotypic and phylogenetic data that the three isolates should be formally recognized as members the genus
Streptomyces and either novel species or not should be confirmed by DNA-DNA pairing.
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1. Introduction

Actinomycetes is still considered as an
unexhausted source of bioactive secondary
metabolites (Bérdy, 2005). However, due to the
decline in the number of newly-discovered active
compounds, there is a big demand to discover novel
actinomycetes to be introduced to the screening
programs. This can be achieved by exploited the
poorly studied and/or extreme habitats.

The genus Streptomyces was proposed by
Waksman & Henrici (1943) and classified in the
family  Streptomycetaceae on the basis of
morphology and subsequently cell wall chemotype.
The taxon currently accommodates aerobic Gram-
positive bacteria that have DNA with a high G+C
content (69 to 78 mol%), LL-diaminopimelic acid
and the absence of characteristic sugars in the cell
wall (chemotype I according to Lechevalier &
Lechevalier, 1970) and produce extensively branched
substrate and aerial mycelia (Williams et al., 1989;
Embley & Stackebrandt, 1994, Li ef al., 2002). With
more than 600 wvalidly described species and
subspecies, the taxon currently contains the largest
number of species in the domain Bacteria (Hain et
al., 1997). It is evident that the genus is
underspeciated (Sembiring et al, 2000; Kim &
Goodfellow, 2002) and that the description of
Streptomyces species need to be based on a
combination of genotypic and phenotypic data
(Manfio et al., 1995, 2003; Atalan ef al., 2000; Li et
al., 2002). Members of novel streptomycete species
are still in great demand as a source of novel
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commercially significant bioactive compounds
(Kumar & Goodfellow, 2008; Santhanam et al.,
2012).

In the current study the samples were
collected from desert soil in Beni-Suef Governorate
as a poorly studied habitat for the isolation of novel
streptomycete strains for the screening purpose.

2. Material and Methods
Sampling

Six soil samples were collected from the
desert habitats in Beni-Suef, Egypt. Each sample was
taken at a depth of 5- 20cm with a collecting spatula.
Most of the collected samples were obtained from the
rhizosphere of the dominant plants in clean sterilized
plastic bags, sealed and transported to the laboratory
and then the samples were air dried at room
temperature.
Isolation and maintenance of the organisms

Strains WH2104, WH2105 and WH2108
were isolated using MM medium (Hozzein et al.,
2008). After incubation at 28°C for 3 weeks, the
isolates were picked, tested for purity and maintained
on modified Bennett’s agar (MBA; Jones, 1949) and
preserved as a mixture of hyphae and spores in 20%,
v/v glycerol at —20°C.
Morphological and cultural characteristics

The three isolates were grown on MBA
(Jones, 1949) and oatmeal agar (ISP 6; Shirling &
Gottlieb, 1966) at 28°C for 14 days for the
microscopic observations. Spore chain morphology
and spore ornamentation were observed by light and
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scanning electron microscopes following the
procedure described by O’Donnell et al. (1993). The
cultural characteristics were studied on ISP media
(Shirling & Gottlieb, 1966), MBA (Jones, 1949), and
nutrient agar (Waksman, 1961). The aerial spore
mass color, substrate mycelium pigmentation and the
color of any diffusible pigment were recorded after
incubation for 14 days at 28°C. The colors were
determined by comparison with chips from the ISCC-
NBS color charts (Kelly, 1964).
Chemotaxonomy

Biomass for the chemical analyses was
prepared by growing the strains in shake flasks of
modified Bennett’s broth (Jones, 1949) at 200rpm
and 28°C for 7 days. The mycelia and cells were
harvested by centrifugation and washed three times
with distilled water and then freeze-dried. Standard
procedures were used for the extraction and analysis
of The diagnostic isomer of diaminopimelic acid
(Hasegawa et al., 1983), whole-organism sugars
(Staneck & Roberts, 1974), Polar lipids and
menaquinones (Minnikin ef al., 1984); and fatty acids
(Kéampfer & Kroppenstedt, 1996).
Phenotypic tests

The organisms were examined for a range of
phenotypic characters using media and methods
described by Williams et al. (1983). Carbon sources
utilization was examined on ISP9 (Shirling &
Gottlieb, 1966) as a basal medium supplemented with
1% final concentration of the tested carbon sources
except for sodium acetate, sodium citrate, sodium
pyruvate and sodium succinate which were used at
0.1%. Similarly, the organisms were examined for
acid production from the tested carbon sources with
the help of bromocresol purple as a pH indicator. The
effect of different temperature degrees and pH values
on the growth and tolerance to salt (NaCl 0, 5, 7, 10
and 15%, w/v) were determined using MBA or MM
as a basal medium.
16S rRNA sequencing and phylogenetic analysis

Extraction of genomic DNA and PCR
amplification and sequencing of a 16S rRNA gene
from the isolated strains were achieved using
previously described procedures (Kim et al. 1999).
The resultant gene sequence was aligned manually
using the PHYDIT program (Chun, 1995) against all
available corresponding sequences of members of the
family Streptomycetaceae (Kim et al., 2003)
retrieved from the DDBJ, EMBL and GenBank
databases. Unrooted phylogenetic trees were inferred
using the least-squares (Fitch & Margoliash, 1967),
maximum-likelihood  (Felsenstein, 1993) and
neighbour-joining (Saitou & Nei, 1987) treeing
algorithms from the PHYLIP suite of programs
(Felsenstein, 1993). Evolutionary distance matrices
for the least-squares and neighbour-joining methods
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were generated as described by Jukes and Cantor
(1969). Tree topologies were evaluated by a
bootstrap analysis of the neighbour-joining dataset,
based on 1000 resamplings, by using the SEQBOOT
and CONSENSE programs from the PHYLIP
package.

3. Results and Discussion

The morphological and chemical properties
of the three isolates WH2104, WH2105 and WH2108
were found to be consistent with their assignment to
the genus Streptomyces (Williams et al., 1989;
Manfio et al., 1995). They form extensively branched
substrate mycelia, aerial hyphae that differentiate into
smooth-surfaced chains of spores (Fig. 1).

WH2104 and WH2108 grown on MM for 14 days at
28°C showing the long spore chains with smooth
spores.

The strains showed good growth on most
used media and their cultural characteristics and
some of their phenotypic characters are summarized
in Tables 1 & 2.
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Table 1. Cultural characteristics of the three Streptomyces isolates.

Medium® | Character” | WH2104 WH2105 WH2108
ISP1 G Good Good Good
AM White* Reddish White
Reddish brown Yellowish
SM brown Brown white
ISP2 G Good Good Good
AM Pinkish Reddish White
gray brown
SM Reddish Brown Yellowish
brown white
ISP3 G Good Good Good
AM White Reddish Yellowish
Yellowish brown white
SM brown Brown Yellow
ISP4 G Good Moderate | Moderate
AM White Reddish Yellowish
Yellowish brown white
SM brown Brown Yellow
ISP5 G Moderate Good Good
AM Pinkish Reddish White
gray brown
SM Reddish Brown Yellowish
brown white
Bennet G Good Good Good
agar AM Pinkish Reddish Yellowish
gray brown white
SM Reddish Brown Yellow
brown
Nutrient G Good Moderate | Good
agar AM White Brown Yellowish
Yellowish Reddish white
SM brown brown Yellow

* ISP, International Streptomyces Project (Shirling & Gottlieb,
1966). ® G, Growth; AM, aerial mycelium and SM, substrate
mycelium. ¢ Colors were taken from ISCC-NBS COLOR
CHARTS (Kelly, 1964).

Table 2. Some characteristic phenotypic characters of
the three Streptomyces isolates.

Character WH2104 WH2105 | WH2108

Utilization of
carbon sources:
D (-) Arabinose

D (+) Galactose + - -

D (+) Melezitose -

D (+) Rafinose +

Sodium citrate - - -

Degradation of:

Adenine - - +

Hypoxanthine - + +

Tyrosine - + +

Growth at:

45°C + — _

In addition, they contain the LL-isomer of
diaminopimelic acid in the wall peptidoglycan, lack
major characteristic whole-organism sugars, contain
phosphatidylethanolamine as a diagnostic polar lipid,
and hexa- & octahydrogenated menaquinones with
nine isoprene units as the predominant isoprenologue.
Chemotaxonomic characters that confirm their
affiliation to genus Streptomyces.
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The classification of the organisms in the
genus Streptomyces is also supported by the results of
the 16S rRNA gene sequence studies. Comparison of
the almost complete 16S rRNA gene sequences of the
strains WH2104, WH2105 and WH2108 with all
available sequences in the public databases revealed
that those strains belong to genus Streptomyces. The
phylogenetic position of the strains with the closest
relatives and representatives of the genus
Streptomyces is shown in Fig. 2.

S. albiflaviniger NRRL B-1356" (A1391812)

S. violaceusniger NRRL B-1476" (A1391822)

S. hygroscopicus NRRL2387" (A1391820)

S. javensis DSM 417647 (AJ391833)

S. yogyakarensis DSM 41766 (A1391827)
S. griseiniger NRRL B-1865" (AJ391818)

S. rhizosphaerius DSM 41760" (AJ391834)

S. asiaticus DSM 41761 (AJ391830)

S. canghringensis DSM 41769" (A1391831)

S. yatensis DSM 41771" (AF336800)

. melanosporofaciens NRRL B-12234" (A1271887)
. malaysiensis ATB-11" (AF117304)

S. albofaciens JOM 4342 (AB043880)
. yunnanensis YIM41004" (AF346818)
S. Iydicus ATCC 25470" (Y15507)

S auranticolor NRRL 8097" (AJ391816)

S. platensis JOM 462" (AB045882)
S. albofaciens JCM 4342 (AB043880)
S. rimosus subsp. rimosus JCM 4667" (AB043883)

WH2108

WH2105

S, macrosporus DSM 41449" (Z68099)

S. megasporus DSM 41476" (Z68100)

4{7 S. indonesiensis DSM 41759" (AJ391835)
S

sogenes NRRL 2940" (AJ391817)

S. mashuense DSM 40221" (X79323)

S. rutgersensis subsp. ruigersensis DSM 40077" (Z76688)

S. griseocarneus DSM 40004" (X99943)
S. griseus ISP 5236" (AY094371)

WH2104

Streptacidiphilus albus DSM 417537 (AF074415)

0.01

Figure 2. Phylogenetic tree based on 16S rRNA
sequence analysis reconstructed from evolutionary
distances using the neighbor-joining method,
showing the phylogenetic positions of WH2104,
WH2105 and WH2108.

Comparison of the almost complete 16S
rRNA nucleotide (nt) gene sequence of strain
WH2104  with  corresponding  streptomycete
sequences shows that the organism forms a separate
clade with Streptomyces grieus in the 16S rRNA
Streptomyces gene tree. The two strains shared a 16S
rRNA gene sequence similarity of 97.3%,
irrespective of the treeing algorithms used.
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Phylogenetic analysis of the other two strains,
WH2105 and WH2108, revealed that they are closer
to each other than with other wvalidly described
Streptomyces species and they form a distinct clade.
Binary similarity values of WH2105 and other
species of the genus Streptomyces showed that
WH2108, Streptomyces hygroscopicus NRRL 2387"
and Streptomyces albofaciens JCM 43427 are the
most closely related neighbors (97%). On the other
hand, WH2105 (97%), Streptomyces violaceusniger
NRRL B-1476" (96.7%), Streptomyces
hygroscopicus  NRRL ~ 2387"  (96.6%) and
Streptomyces albiflaviniger NRRL B-1356" (96.6%)
are the most closely related neighbors to WH2108.

These similarity values are less than the
similarity values between many validly described
species belonging to genus Streptomyces, such as S.
avermitilis and S. griseochromogenes (99%; Kim &
Goodfellow, 2002), S. thermocarboxydovorans and S.
thermoviolaceus (98.8%; Kim et al, 1998), and
several other streptomycete species (Sembiring ef al.,
2000; Saintpierre et al., 2002).

DNA:DNA relatedness studies need to be
carried out to confirm that the relatedness values are
below the 80% cut-off point recommended for the
recognition of genomic species of Streptomyces
(Labeda & Lyons, 1992; Labeda, 1993, 1998).

Minimal standards for the delineation of
Streptomyces species need to be based on a
complementary set of genotypic and phenotypic data
(Manfio et al.,1995; Kim et al., 1999, 2003). The aim
of the present study was to determine the taxonomic
status of some streptomycete isolates using genotypic
and phenotypic procedures. The resultant data
indicate that the three isolated organisms WH2104,
WH2105 and WH2108 are members of the genus
Streptomyces and some of them could be formally
recognized as novel species.
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