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Streptosporangium terrae sp. nov., a novel
actinomycete isolated from the rhizosphere of
Callistemon citrinus (Curtis), India

Radha Vaddavalli1,2, Bagyanarayana Gaddam1,3 and Venkateswar Rao Linga4

A novel actinomycete strain, designated VRC21T, was isolated from the rhizosphere of Callistemon citrinus collected from

Hyderabad, India. The morphological and chemotaxonomic properties of strain VRC21T was consistent with the characteristics

of members of the genus Streptosporangium, that is, the formation of sporangia on aerial mycelium, coiled unbranched

hyphae within the spore vesicle, the presence of meso-diaminopimelic acid in the cell wall, and madurose and galactose as

major whole-cell sugars. Diagnostic polar lipids were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol,

phosphatidylinositol and phosphatidylinositol-mannosides. The predominant menaquinones were MK-9(H2) and MK-9(H4).

The major cellular fatty acids were iso-C14:0, iso-C16:0, C17:0 10-methyl, C18:1w9c and C18:0 10-methyl. 16S rRNA gene sequence

analyses revealed that strain VRC21T was a member of the genus Streptosporangium. The highest similarity values were

observed with S. carneum DSM 44125T (98.2%) and S. fragile DSM 43847T (98.2%); the values of the remaining type

strains were below 98%. The values of DNA–DNA relatedness between the strain VRC21T and the type strains of the related

species were below 70%. On the basis of the polyphasic evidence, the strain VRC21T should be classified as novel species

Streptosporangium terrae sp. nov. in the genus Streptosporangium. The type strain is VRC21T (=KCTC 29207T=MTCC

11724T).
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INTRODUCTION

The genus Streptosporangium was first described by Couch.1 The genus
encompasses aerobic, Gram-stain-positive, non-acid-fast organisms
with stable, unbranched, non-fragmenting substrate mycelium that
carries cottony aerial mycelium, which differentiates into sporangio-
phores; spores are spherical, rod or oval shape and the sporangial walls
are thick; organism has meso-diaminopimelic acid and madurose in
the peptidoglycan; MK-9(H2, H4) as predominant menaquinones;
complex mixtures of iso-, anteiso-, saturated, unsaturated and
10-methyl branched fatty acids; phospatidylethanolamine, diphospha-
tidylglycerol, phosphatidylglycerol, phosphatidylinositol and
glucosamine-containing polar lipids as major components; and
has a DNA base composition within the range 69–71 mol% GC.1

At the time of manuscript preparation, there were 17 species and
2 subspecies with validly published names (http://www.bacterio.
net/streptosporangium.html): Streptosporangium roseum,1 S. amethys-
togenes, S. album, S. vulgare, S. amethystogenes, subsp. amethystogenes,2

and subsp. fukuiens,3 S. longisporum,4 S. nondiastaticum, S. pseudo-
vulgare,5 S. violaceochromogenes,6 S. fragile,7 S. carneum,8 S. subroseum,9

S. purpuratum, S. yunnanense,10 S. canum,11 S. oxazolinicum,12

S. anatoliense13 and S. sandarakinum.14

During our research work entitled ‘Discovery of novel antimicrobial
agents against Streptococcus pneumonia—A multidisciplinary
approach’, strain VRC21T was isolated from rhizosphere of Calliste-
mon citrinus, with the prospect that it might produce novel anti-
microbial agents. Although our investigation was multidisciplinary, the
main aim was to discover novel antimicrobial agents against Strepto-
coccus pneumonia. To achieve the goal, we have isolated few active
compounds (under the process of publication) from C. citrinus leaves
solvent extracts. Another major source for novel antimicrobial agents
is soil microbes. In this regard, soil was collected from C. citrinus plant
rhizosphere, because C. citrinus roots produce leptospermone. Leptos-
permone is the blue print of the compound mesotrione that has been
proven to be an effective herbicide.15 C. citrinus being rich in
terpenoids, produces many essential oils, which give good fragrance
that surrounds the plant, including its rhizosphere soil. This plant
grows widely as an ornamental plant in India, having potential
medicinal properties that were proved not only by literature but also
by our previous research work. This formed the basis in selecting the
plant rhizosphere for actinomycetes isolation, identification, charac-
terization and screening for secondary metabolites. The present study
was carried out to determine the taxonomic status of the strain
VRC21T by using a polyphasic approach.
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MATERIALS AND METHODS
Strain VRC21T was isolated from the rhizosphere of C. citrinus (Curtis) Skeels,
from Hyderabad, India (GPS coordinates for the sampling site is 17°23′6.7374″
N 78°29′11.979″E). Soil samples were collected in sterile tubes and brought to
the laboratory of Osmania University, India. Samples were dried in laminar
flow under aseptic conditions. Samples were serially diluted with sterilized
distilled water, and up to 10− 5 dilutions were made; 0.1ml suspension from
each dilution was spread on yeast extract malt extract agar (ISP medium 2)16

plates. The plates were observed intermittently during incubation. Pinpoint
colonies with a clear zone of inhibition and the dominant reddish pink color
colony were selected and maintained on ISP medium 2 at 4 °C and in glycerol
suspensions (20% v/v) at − 20 °C.
The strain VRC21T, S. fragile DSM 43847T and S. carneum DSM 44125T were

cultured for 3 weeks at 30 °C and the cultural characteristics were observed on
ISP (International Streptomyces Project) media 2, 3, 4, 5, 6 and 7,16 starch casein

agar and nutrient agar.17 For morphological characterization, 21-day-old
cultures on ISP medium 2 were taken. The cover slip technique18 was used
to observe hyphae and spore chains by light microscopy (Olympus microscope
BH-2, Delhi, India). Spore texture, spore-chain morphology and spore
ornamentation were studied by scanning electron micrography. Specimens
were prepared according to Williams and Davies,19 and stub was prepared
according to our previous study.20 Finally, the sample was sputtered with gold
(E-1010, Ion sputter with Gold, Model S-3700N, Hitachi, Japan). The color of
substrate, aerial mycelia and soluble pigments were determined by comparison
with chips from the ISCC-NBS color charts.21 A range of physiological tests
such as growth at different temperatures (4, 10, 15, 20, 25, 30, 35, 40 and 45 °
C), pH values (4.0–11.0) and NaCl concentrations (3, 5, 7 and 9% (w/v)) were
examined on ISP medium 2.18 Assimilation of various carbohydrates as the sole
carbon source was tested using ISP medium 9.22 Biochemical characteristics,
H2S production and sensitivity of the strain to different antibiotics23 were

Table 1 Cultural characteristics of strain VRC21T and closely related type strains

Medium VRC21T S. carneum DSM 44125T S. fragile DSM 43847T

ISP medium 2
Growth Good Good Good

Very dark red (RC) Sunrise yellow (10C7) Chocolate brown (4pn)
Reverse Very dark red (RC) Brown (S) Brown (S)
Aerial mycelium Pale pink g (7ca) White (a) White (a)
Soluble pigment Deep purple wine g (11 pl) None None

ISP medium 3
Growth Good Good Good

Very dark red (RC) Sunrise yellow (10C7) Brown (S)
Reverse Very dark red (RC) Brown (S) Brown (S)
Aerial mycelium Poor, white (a) to White (a) White (a)

Pale pink g (7ca)
Soluble pigment Deep purple wine g (11 pl) None None

ISP medium 4
Growth Good Good Good

Dark reddish brown (RC) Pale pink (7ca) Chestnut brown (S)
Reverse Very dark rose (8 lc) Yellow brown (S) Chestnut brown (S)

dark rose (8 lc)
Aerial mycelium Pale pink g (7ca) to Pale pink g (7ca) White (a)
Soluble pigment Dark rose brown (7 pn) None None

ISP medium 5
Growth Good Good Good

Dark reddish brown (RC) Orange yellow (S) Orange (S)
Reverse Very dark red (RC) Orange (S) Orange brown (S)
Aerial mycelium Poor, white (a) to Pale pink g (7ca) White (a)

Pale pink g (7ca)
Soluble pigment Deep purple wine g (11 pl) None None

ISP medium 6
Growth Good Good Good

Very dark red (RC) Orange (S) Chestnut brown (S)
Reverse Very dark red (RC) Orange (S) Yellow brown (S)
Aerial mycelium Pale pink g (7ca) Pale pink g (7ca) White (a)
Soluble pigment Deep purple wine g (11 pl) Light Reddish brown (SC) None

ISP medium 7
Growth Good Good Good

Dark reddish brown (RC) Orange (S) Orange (S)
Reverse Very dark red (RC) Orange (S) Chestnut brown (S)
Aerial mycelium Pale pink g (7ca) Pale pink g (7ca) White (a)
Soluble pigment Deep purple wine g (11 pl) None None

Starch casein agar
Growth Sparse Good Good

Pale pink (7 ca) to dark Orange (S) Orange (S)
Rose brown (7 pn)

Reverse Pale pink (7 ca) to Yellow (S) Chestnut brown (S)
Dark rose brown (7 pn)

Aerial mycelium Pale pink (7 ca) None White (a)
Soluble pigment Light rose (7 ½ ga) None None

Nutrient agar
Growth Sparse Good Good

Pale pink (7 ca) Orange (S) Orange (S)
Reverse Pale pink (7 ca) Yellow (S) Orange brown (S)
Aerial mycelium Poor, white (a) None White (a)
Soluble pigment Light wine (7 ½ ne) None None

Color designation based on Color Universal Language and Dictionary of Names.20
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determined using the methods of Korn-Wendisch et al.24 Starch hydrolysis was
examined using ISP medium 4, and for nitrate reduction ISP medium 8 was
used.16 Tyrosinase activity was determined using ISP medium 7.25 Enzyme
activities were determined using the API ZYM system (bioMerieux, Lyon,
France) according to the manufacturer’s instructions. Biomass for molecular
and chemotaxonomic studies was obtained after incubation in shake flasks of
trypticase soy broth medium (Hi-Media, Mumbai, India) at 30 °C for 7 days
with rotary aeration (180 r.p.m.). The isomer type of diaminopimelic acid in
cell wall peptidoglycan was determined by the method of Hasegawa et al.26

Whole-cell sugars were studied as described by Staneck and Roberts.27 Cellular
fatty acid analysis was determined by the method of Sasser,28 using MIDI
Sherlock version 6.0, MIDI database RTSBA6. Polar lipids were extracted and
analyzed according to the method of Minnikin et al.,29 and Komagata and
Suzuki.30 Mycolic acids were tested by the acid methanolysis method of
Minnikin et al.31 Menaquinones were extracted and examined by using the
method of Collins et al.32 and analyzed by HPLC.33 The N-acyl types of
muramic acid were determined by the method of Uchida and Aida.34 Isolation
of DNA35 and determination of DNA G+C content was carried out according
to the method of Marmur and Doty.36 The levels of DNA–DNA relatedness was
performed by using dot-blot hybridization method of Chung et al.37 and a
simple fluorimetric method for estimation of DNA–DNA relatedness based on
thermal denaturation temperatures.38 The 16S rRNA was amplified using the
bacterial universal primers and sequencing was performed under contract by
Macrogen Inc. (Kumchun-Ku, Seoul, South Korea) using a 3730XL DNA
analyzer (Applied Biosystems, Seoul, South Korea). The 16S rRNA gene
sequence was aligned with related sequences belonging to the genus Streptos-
porangium by using CLUSTAL W.39 Pairwise evolutionary distances were
calculated using the DNADIST program with the Kimura two parameter model
as developed by Kimura.40 Multiple sequence alignments with most closely
related Streptosporangium species similarity were carried out using EzTaxon-e
server (http://eztaxon-e.ezbiocloud.net/).41 Phylogenetic tree analysis was per-
formed using MEGA6.42 The phylogenetic tree was constructed based on the
neighbor-joining,43 maximum-parsimony44 and maximum-likelihood45 algo-
rithms. Data were resampled 1000 bootstrap replications.46

RESULTS AND DISCUSSION

Morphological, cultural and physiological characteristics
The cultural characteristics of strain VRC21T, along with those of the
type strains of the closely related species, S. fragile DSM 43847T and
S. carneum DSM 44125T, are given in Table 1. Strain VRC21T grew
well and formed extensively branched and non-fragmented substrate
mycelia on various tested agar media. The colony color of strain
VRC21T was dark reddish brown with a dark reddish brown color
soluble pigment when grown on various media (Table 1). The
temperature and pH range for growth were 10–35 °C and pH 7–9,
respectively, with optimum growth occurring at 30 °C and pH 7.
Strain VRC21T tolerated up to 3% NaCl (w/v) and exhibited good
growth on ISP 2, ISP 3, ISP 4, ISP 5, ISP 6 and ISP 7, sparse growth on
nutrient agar and starch casein agar, and no growth on Czapek’s agar
and potato dextrose agar. It produced pink colored aerial mycelia and
very dark reddish brown colored substrate mycelia, and its spores were
spherical, non-motile and present within sporangia; abundant spor-
angia formed from the aerial hyphae (Figure 1), and a very dark
reddish brown diffusible pigment was observed. Casein was degraded.
Starch was hydrolyzed. Gelatin was liquefied, milk was peptonized and
coagulated. Nitrate was not reduced to nitrite and H2S gas was not
produced. Melanin was produced. The Voges Proskauer’s reactions
and methyl red tests were positive. The results of other physiological
and biochemical analyses are summarized in the species description
and Table 2 below.

Chemotaxonomic characteristics
Cell-wall peptidoglycan of strain VRC21T contained meso-diaminopi-
melic acid as the diagnostic diamino acid. Whole-cell sugars were

madurose, galactose, glucose, xylose and arabinose. The acyl type of
muramic acid was N-acetyl. Mycolic acids were not found. The major
cellular fatty acids were (%): iso-C14:0 (9.07), C14:0 (5.06), iso-C16:1

Figure 1 Scanning electron micrograph of strain VRC21T grown on ISP 2
medium for 21 days at 30 °C. Bar, 10 um.

Table 2 Comparison of physiological characteristics of strain VRC21T

and closely related type strains of related species

Characterstics VRC21T
S. carneum DSM

44125T
S. fragile DSM

43847T

Degradation of:
Adenine − − +
Casein + + −
Chitin − + −
Elastin − − −
Starch + − +
Urea + − +
Tyrosine − + +
Xanthine + − −
Hypoxanthine + − +
Reduction of nitrate − − +
NaCl tolerance (%, w/v) 0–3 0–2 0–2
Temperature range (°C) 10–35 20–37 15–45

Growth on sole carbon:
L-Arabinose + − −
D-Galactose + + −
D-Lactose + + −
D-Maltose + − −
D-Raffinose + − −
L-Rhamnose + − −
D-Sucrose + − −
D-Xylose + − −

Enzyme activity of
Esterase (C4) + w −
Esterase lipase (C8) − − +
Valine allylamidase w − w
Trypsin − + +
α-Chymotrypsin + − −
Acid phosaphatase − w +
Napthol-AS-BI-
phosphohydrase

− + w

β-Galactosidase + + −
β-Glucuronidase+ − w
α-Glucosidase + − −
β-Glucosidase + − +
N-acetyl-β-glucosaminidase + w −
α-Mannosidase + − +

Abbreviations: − , negative; +, positive; w, weakly positive. All the data are from this study.
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(11.80), C16:0 (14.11), C-17:0 10-methyl (5.98), C18:1w9c (4.26), C18:0

10-methyl, TBSA (8.16). (Table 3). The predominant menaquinones were
MK-9(H2) (52%) and MK-9(H4) (44%), and MK-9(H6) (4%) was

detected as a minor component. Strain VRC21T contained phospha-
tidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol,
phosphatidylinositol, two phosphatidylinositol-mannosides, one un-
identified glycolipid, two unidentified phosphoaminolipids, three
unidentified phospholipids and nine unidentified lipids. The DNA
G+C content was 69.5± 1.5 mol%.

Phylogenetic analysis
The 16S rRNA gene sequence (1466 bp) of strain VRC21T showed a
close relationship with members of the genus Streptosporangium, and
the similarity values between strain VRC21T and the type strains in the
genus Streptosporangium were 96.7–98.2%. Although strain VRC21T

showed the highest similarity values to S. carneum DSM 44125T

(98.2%) and S. fragile DSM 43847T (98.2%), the strain did not form
a reliable cluster with any members of the genus Streptosporangium
(Figure 2). The Genbank accession number of the 16S rRNA gene
sequences of strain VRC21T is JX082289.

Table 3 Cellular fatty acid compositions (%) of strain VRC21T and

type strains

Fatty Acid VRC21T S. carneum S. fragile

13:0 0.66 1.21 3.21
14:0 iso 9.07 3.45 7.45
14:0 5.06 6.86 3.75
15:0 1.20 2.28 1.31
15:0 iso 1.41 0.65 1.24
15:0 anteiso 0.94 1.32 1.33
16:1 iso G 2.11 ND 1.45
16:1 cis 9 2.41 1.36 3.01
16:1 iso 11.80 3.44 10.9
16:0 10 methyl 3.1 2.87 3.03
16:0 14.11 18.21 16.1
17:0 cis 9 3.58 4.90 6.24
17:0 anteiso 0.50 ND 0.64
17:1 w8c 2.49 0.94 1.11
17:1 iso G 4.32 19.41 2.54
17:0 1.19 1.63 4.54
17:0 10-methyl 5.98 4.21 3.02
18:1 iso F ND 6.93 2.01
18:1 cis 9 ND 4.89 14.0
18:1 w9c 4.26 1.64 2.13
18:0 1.80 1.11 5.40
18:1 w7c 11-methyl 0.63 2.47 ND
17:0 2OH 0.74 1.22 2.12
18:0 10-methyl, TBSA 8.16 ND 3.45
Summed feature 3a

8.59 ND 2.32
Summed feature 9a

3.51 1.54 ND

All the data are from this study. Values are percentages of total fatty acids; fatty acids
amounting to o0.50% in all species are not shown; ND, not detected.
Summed features 3, 9 contains 16:1 w7c and/or 16:1 w6c, 16:0 10-methyl and/or 17:1 iso
w9c, respectively.
aSummed features are groups of two or three fatty acids that cannot be separated by GC with
the MIDI system.

Figure 2 Neighbor-joining (NJ) phylogenetic dendrogram, based on 16S rRNA gene sequence analysis showing the position of strain VRC21T within the
genus Streptosporangium. Only bootstrap values above 50% (percentages of 1000 replications) are indicated. Actinomadura flavalba DSM 45200T

(FJ157185) was taken as an out group. L, branch also recovered in the maximum-likelihood tree; P, branch also recovered in the maimum-parsimony tree.
Bar 0.005 nucleotide substitutions per position.

Table 4 DNA–DNA relatedness between strain VRC21T and closely

related type strains

DNA–DNA relatedness with labeled strains (%) a

Strain 1 2 3

1 100 34 30

2 33 100 40

3 28 43 100

Strains: 1, VRC21T; 2, S. carneum DSM 44125T; 3, S. fragile DSM 43847T.
aAverage of three independent determinations.
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DNA–DNA hybridization
The DNA–DNA relatedness values among strain VRC21T, S. carneum
DSM 44125T and S. fragile DSM 43847T were in the range of 28–43%
(Table 4). These values were below the value of 70% that was
recommended by Wayne et al.47 for the assignment of strains to the
same species, and these results thus confirm that strain VRC21T

distinct from their closely related phylogenetic neighbors.

CONCLUSION

The phylogenetic analysis and morphological and chemotaxonomic
properties indicated that the strain VRC21T belongs to the genus
Streptosporangium. However, DNA–DNA relatedness values between
strain VRC21T and the closely related type strains were below 70%
(Table 4). Furthermore, colonies of strain VRC21T could also be
distinguished from its closest relatives by additional phenotypic
characteristics. In strain VRC21T, the spore shape was spherical,
whereas in S. carneum DSM 44125T and S. fragile DSM 43847T, spores
were in oval shaped. Strain VRC21T produced very dark reddish
brown colored substrate mycelium, whereas S. carneum DSM 44125T

produced orange to yellow brown colored and S. fragile DSM 43847T

produced dark brown to black colored substrate mycelium. S. carneum
DSM 44125T did not produce a soluble pigment and S. fragile DSM
43847T produced a brown colored diffusible pigment, but strain
VRC21T produced a very dark reddish brown colored pigment. A
comparison of the cultural and physiological characteristics and fatty
acid composition of strain VRC21T with its closest relatives of the
genus Streptosporangium is given in Tables 1, 2 and 3.
Furthermore, as shown in Tables 1 and 2, many differences among

strain VRC21T, S. carneum DSM 44125T and S. fragile DSM 43847T

were observed. On the basis of the data presented in this study, we
suggest that VRC21T represents a novel species of the genus
Streptosporangium, for which the name Streptosporangium terrae sp.
nov. is proposed.

Description of Streptosporangium terrae sp. nov.
Streptosporangium terrae (ter’rae. L. gen. n. terrae of the earth).
It is a aerobic, Gram-positive, non motile actinomycete with

extensive, non-fragmented dark reddish brown colored substrate
mycelium. The sporangia contains spherical shape smooth spores.
Colony appears leathery and cottony with aerial mycelium, sporangial
walls are thick, and abundant big sporangiophores with spherical and
non-motile spores are present. A very dark reddish brown colored
diffusible pigment is observed. Colony size is 2–4mm. The tempera-
ture and pH range for growth were 10–35 °C and pH 7–9, with
optimum growth at 30 °C and pH 7.0, and tolerates 0–3% NaCl.
Siderophore activity is not seen. Growth is not found in the presence
of inhibitory compounds such as crystal violet (0.05% w/v), phenol
(1.5% w/v), sodium azide (0.001% w/v), lysozyme (0.005% w/v),
potassium tellurite (0.005% and 0.01% w/v). Acid is produced from
lactose, inositol, sorbitol, mannitol and maltose. No acid is produced
from arabinose, xylose, adonitol, rhamnose and glucose. It gives a
positive result in tests of catalase, oxidase and urease activities. Positive
results were observed for gelatin liquefaction, milk coagulation,
peptonization and starch hydrolysis. Tweens 40, 80 and aesculin are
not hydrolysed. It is able to degrade casein, starch, urea, xanthine and
hypoxanthine. It does not degrade adenine, chitin, elastin and tyrosine.
Nitrate is not reduced to nitrite and H2S gas is not produced. Enzyme
activities of the API ZYM system are positive for esterase (C4), valine
allylamidase, α-chymotrypsin, β-galactosidase, β-glucuronidase, α-
glucosidase, β-glucosidase, N-acetyl-β-glucosaminidase and α-manno-
sidase, weakly positive for esterase lipase (C8) and negative for trypsin,

acid phosaphatase, napthol-AS-BI-phosphohydrase. The Voges Pros-
kauer’s reactions and methyl red are positive; lysine, ornithine, citrate
and malonate utilization, phenylalanine deamination, and indole,
inulin, sodium gluconate, glycerol, salicin, dulcitol, arbitol, erythritol
and alpha-methyl-D-glucoside are positive. It produces melanoid
pigments. It utilizes a variety of organic compounds as sole carbon
sources, including inulin, arabinose, dextrin, dextrose, fructose,
glycerol, galactose, mannose, maltose, starch, xylose, raffinose, rham-
nose, lactose and sucrose. But sodium gluconate, cellobiose, melibiose,
saccharose and trehalose are not utilized. It utilizes arginine, aspar-
agine, histidine, methionine, proline and tyrosin. It is resistant to
ofloxacin (1 μg l− 1), penicillin G (1 μg l− 1), cephalothin (1 μg l− 1),
gentamycin (1 μg l− 1) and vancomycin (1 μg l− 1), but susceptible to
co-trimoxazole (1 μg l− 1), clindamycin (1 μg l−1), erythromycin
(1 μg l− 1), kanamycin (25 μg l− 1) and amphicillin (10 μg l− 1). The
major cellular fatty acids are iso-C16:1, C16:0 and C18:0 10-methyl, TBSA.
Cell wall peptidoglycan contains meso-diaminopimelic acid. Whole-
cell sugars are madurose, galactose, glucose, xylose and arabinose.
Major diagnostic polar lipids are phosphatidylethanolamine, dipho-
sphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and two
phosphatidylinositol-mannosides. The predominant menaquinones
are MK-9 (H2) and MK-9 (H4). The G+C content of the genomic
DNA of the type strain is 69.5± 1.5 mol%. Inhibitory activity is
showed against Staphylococcus aureus (MTCC 7443). The type strain,
VRC21T (=KCTC 29207T=MTCC 11724T), was isolated from the
rhizosphere of Callistemon citrinus collected from Hyderabad, India.
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