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Abstract: In our study, we isolated 33 isolates of Actinobacteria which were identified into 16

different genera based on their cultural, morphological and biochemical characteristics. Both soil and

rhizosphere soil samples yielded 17 and 16 isolates, which were grouped into nine and seven different

genera, respectively. This showed that similar number of isolates can be recovered form both soil and

rhizosphere samples. Both samples however hosted different genera of Actinobacteria with only one

common genus found in both samples, Streptomyces spp. Thirty isolates produced antibacterial activity

towards the tested bacterial pathogens (Escherichia coli, Pseudomonas aeruginosa and Staphylococcus

aureus). Twenty three of the isolates (10 from soil, 13 from rhizosphere oil) have antibacterial activity

towards all three bacterial pathogens, establishing their broad-spectrum of antibacterial activity.  Our

study has shown that established antibiotic-producing Actinobacteria (Streptomyces, Actinomadura and

Streptoverticillium) as well as uncommon antibiotic-producing genera (Dactylosporangium,

Actinobispora, Promicromonospora, Saccharomonospora, Glycomyces, Saccharothrix, Nocardiopsis,

Kitasatosporia and Microbispora) can be readily isolated from soil or/and rhizosphere samples and

were effective towards the bacterial pathogens. These Actinobacteria isolates can be further

investigated to identify the antibacterial compounds produced and their mechanisms of inhibition

towards bacterial pathogens.

Key words: Actinobacteria, Antibacterial activity, Antibiotic-producing, Bacterial pathogens,
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INTRODUCTION

The role of Actinobacteria as producers of various clinically important antibiotics is well-established

(Okachi, et al., 1977; Oskay, et al., 2004; Cook, et al., 2005). Numerous Actinobacteria have been isolated

from various environments, from common environments such as farmland soils (Oskay, et al., 2004), compost

litters (Grigova and Norris, 1990), to extreme environments such as marine sediments (Remya and Vijaya,

2008) and soils from antartica (Moncheva, et al., 2000-2002). The vigorous exhaustion of Actinobacteria from

various environments benefited the research community as this enabled both common and uncommon antibiotic-

producing Actinobacteria to be isolated, studied and manipulated for antibiotic production.  This also increased

the possibility of discovering novel antibiotics which may be effective in treating the growing number of

antibiotic-resistant pathogens.  Although the antibiotic-producing Actinobacteria is still predominantly from the

genus Streptomyces (Grigova and Norris, 1990), the antimicrobial properties of isolates from other lesser known

genera such as Dactylosporangium, Micromonospora, Saccharomonospora, Saccharothrix, Promicromonospora,

Kitasatosporia and Microbispora have recently been increasingly revealed (Okachi, et al., 1977; David and

Kergomard, 1982;; Han, et al., 1999; Moncheva, et al., 2000-2002; Castiglione, et al., 2008; Gao and Huang,

2009).

In our study, we attempt to isolate Actinobacteria from soils and rhizosphere soils with the aim of studying

the diversity of Actinobacteria recovered from the samples, and to detect their antibacterial activity against

common bacterial pathogens. Soil samples were chosen as they are known to host a variety of microorganisms,

Actinobacteria included. In fact, a large percentage of Streptomyces spp. are recovered from soils (Grigova and

Norris, 1990). The rhizosphere soil on the other hand, provides a different ecosystem from soil as rhizosphere

soil are known to support higher microbial growth rate and diversity through root exudation (Smith, 1976;
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Grayston, et al., 1996). As such, we are interested to study if this contributed to the diversity of the

Actinobacteria recovered from both soil and rhizosphere soil. In addition, some of the uncommon antibiotic-

producing Actinobacteria were reportedly isolated from extreme environments; Saccharomonospora spp. were

isolated from salt pans (Dhanasekaran, et al., 2005), Microbispora, Glycomyces and Nocardiopsis spp.  from

marine sediments (Remya and Vijaya, 2008), while Actinomadura spp. were isolated from soils in antartica

(Moncheva, et al., 2000-2002). Therefore, we are also interested to investigate if any of these antibiotic-

producing Actinobacteria can be easily isolated from common soil and rhizosphere samples.

Our paper thus reports the types of Actinobacteria isolated from soil and rhizosphere samples, and the

antibacterial activity of each of the isolate towards three common clinically important bacterial pathogens-

Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus. The Actinobacteria isolates were also

characterized to their presumptive genus based on cultural, morphological and biochemical observations. The

results reflect the diversity and ubiquity of Actinobacteria recovered from common environments and their

antibacterial potential towards common bacterial pathogens.

MATERIALS AND METHODS

Isolation of Actinobacteria from Soil and Rhizosphere Soil:

Twenty two soil (top-soil, 10-15 cm depth from surface) samples were collected from various locations

in Kuala Lumpur, Malaysia. For isolation, 10 g of the soil was first suspended in 100 ml of sterile distilled

water and agitated for 30 min (120 rpm). A six-fold dilution was then performed, and 0.1 ml of aliquot from

each dilution was plated onto Arginine-Glycerol Agar. Plates were then incubated for 7 days at room

temperature (30±2  C), and pure colonies were picked and established on Yeast Extract-Malt Extract Agar

(ISP2 agar). For isolation from rhizosphere soil, 12 weed plants were collected with the soil intact to the roots.

The plants were sampled from Kuala Lumpur, Malaysia as well and the same procedure was adopted for

isolation. 

Characterization of Actinobacteria isolates:

The Actinobacteria isolates were characterized based on their cultural and morphological characteristics

and their response to biochemical tests. The cultural characteristics observed include colony appearance,

pigmentation and growth rate on different agar media. Morphological characteristics were assessed based on

their Gram staining reaction and microscopic structures observed using the inclined-coverslip method. The

biochemical characteristics of Actinobacteria were established based on the following tests; casein hydrolysis,

starch hydrolysis, urea hydrolysis, citrate utilization, catalase activity, xanthine degradation, carbohydrate

fermentation, temperature tolerance, salt tolerant test, aerobic and anaerobic determination tests. Methodologies

for all the described examinations were performed with reference to Cappuccino and Sherman (2005) and

Bergey and Holt (1994).

Detection of Antibacterial Activity of Actinobacteria:

The bacterial pathogens-Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus, were first

established on Nutrient Agar (Pronadisa), while the Actinobacteria isolates were cultured on ISP2 agar for 48

h and 7 days, respectively, at room temperature (30±2 C). The established pure cultures of Actinobacteria were

then streaked onto fresh ISP2 agar plates with each plate containing only a single Actinobacteria isolate. After

7 days of incubation at room temperature, the bacterial pathogens were streaked perpendicular to the

Actinobacteria. All three bacterial pathogen were streaked onto one same plate. After incubation for 24-48 h,

the plates were checked for antibacterial activity by Actinobacteria indicated by absence of growth observed

on the bacterial streak. The control plates were established similarly, substituting the Actinobacteria streak with

sterile distilled water. Antibacterial assay for each isolate was replicated once with the experiment conducted

in a Complete Randomized Design. 

RESULTS AND DISCUSSION 

Diversity of Actinobacteria Isolated from Soil and Rhizosphere Soil Samples:

A total of 33 Actinobacteria isolates were isolated from the samples, 17 isolates from soil samples and

16 isolates from rhizosphere samples. When compared to the number of samples used, we observed that the

frequency of isolating Actinobacteria from rhizosphere soil is slightly higher than soil, with 1.33 isolate sample-

 compared to 0.77 isolate sample  (data not shown). Characterization of isolates showed that isolates belonged1 -1
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to 16 different genera, with isolates from soil and rhizosphere soil grouped into nine and seven different

genera, respectively. Although there may be slight differences in the data collected for every isolate within the

same genus, the combination of all characteristics were considered to charaterize the isolates to the closet

genera possible (presumptive genera). The isolates from both soil and rhizosphere soil were highly diverse and

from different genera and the only genus which was found in both samples were Streptomyces spp. Isolates

from the soil samples were identified as Dactylosporangium spp., Streptomyces spp., Actinobispora spp.,

Nocardiodes spp., Promicromonospora spp., Nocardia spp., Streptosporangium  spp., Sacchromonospora spp.

and Streptoverticillium spp. From rhizosphere soil, the following were identified-Actinomadura spp.,

Glycomyces spp., Saccharothrix spp., Nocardiopsis spp., Micromonospora spp., Kitasatosporia spp., and

Microbispora spp. Their cultural, morphological and biochemical results are summarized in Tables 1, 2 and

3. The most dominant genus recovered from soil samples was Streptomyces spp., with seven isolates. The other

genera were represented by one or two isolates each. Contrary, only one isolate of Streptomyces spp. was

recovered from rhizosphere soil. The most dominant genus from rhizosphere soil was Nocardiopsis spp.. 

 
Table 1: Cultural and m orphological characteristics of Actinobacteria isolates on ISP2 agar

Presumptive Pigmentation of Pigmentation of Colony Colony morphology

genera/Isolate aerial mycelium  substrate mycelium diameterª (cm)

Dactylosproangium 13B1 Copper brown with white specks Golden brown/Orange 0.50 Flat

Streptomyces

15B1 White Dark cream 0.10 Raised, powdery

15Br2 White Cream 0.90 Flat, wrinkled

21Ar11 Greyish brown Light grey 0.20 Raised, dense

20C1 White Dark cream 0.40 Raised, wrinkled, powdery

21A8 Brownish grey Dark greyish cream 0.35 Raised

22Ar1 White, powdery Cream 0.50 Flat, powdery

St20 Tan to white Brownish 0.50 Flat, powdery

Nocardia

21Ar2 Greyish brown Greyish cream 0.10 Raised

21Ar3 Dark grey Greyish brown 0.85 Raised, dense

Streptosporangium

21Ar14 White, sparse Dark cream 0.40 Raised, leathery

Saccharomonospora

21A2 Dark grey Light grey 1.90 Flat, wrinkled

Promicromonospora

20Ar5 and 21B2 White/ transparent white Cream 0.70 Raised

Streptoverticillium

21Br2 Blackish grey Brownish grey 0.35 Slightly raised, dense

Actinobispora

20Ar1 Light grey Dark golden brown/Orange 0.50 Raised, dense

Nocardiodes

20Ar4 White Creamy brown 0.10 Flat

Actinomadura

St1 Light grey to white Cream 0.40 Flat, powdery

St29 White Grey 0.40 Aerial mycelium  sparse

St30 White to pale grey Cream 1.00 Flat, fuzzy

Glycomyces

St4 Light grey, white margins Cream 0.40 Fuzzy, powdery

St11 Pale pink, white margins Cream 0.50 Powdery, raised

Saccharothrix

St5 Light grey Cream 0.50 Flat, powdery

St12 Light grey to white Yellow 0.40 Fuzzy, raised

St21 Grey to brown Cream 0.80 Raised, powdery

Micromonospora

St10 (aerial mycelium  absent) Cream to opaque white 0.80 Glistening surface, raised

Kitasatosporia

St14 Pale pink, white margins Pink 0.80 Raised, fuzzy

Nocardiopsis

St7 White Cream 0.50 Raised, leathery

St17 Light grey to white Cream 0.30 Raised

St19 Pale pink, white margins Cream 0.50 Raised

St23 White to pale brown Cream 0.40 Flat, powdery

Microbispora

St22 White to light grey Cream 0.50 Raised, fuzzy

: The colony size is measured from the average colony size of the isolate.a
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Table 2: Spore-shape and branching patterns (microscopic morphology) of Actinobacteria isolates and their presumptive genera 

Hypha fragmentation Presum ptive genera 

Rod-shaped fragmentation Nocardiodes, Promicromonospora, Streptomyces

Closed spirals Streptomyces, Dactylosporangium, Glycomyces, Micromonospora 

Open spirals Streptomyces, Nocardiopsis

True branching Nocardia, Glycomyces, Nocardiopsis, Microbispora

Long branching with spores Micromonospora, Saccharomonospora

Fragmentation into V,Y and rod-like shape Promicromonospora

Sporangia and spiral formation Streptosporangium

Straight filaments with spores on branches Streptoverticillium

Coccoid-shaped fragmentation Actinomadura

Fragmentation, spores on tips Saccharothrix, Kitasatosporia, Actinomadura

Table 3: Biochemical test results for the tested Actinobacteria isolates 

2Presumptive Casein Starch Xanthine Urea Catalase H S Indole M otility Citrate M etaboli

genera/ Isolate hydrolysis hydrolysis degradation hydrolysis activity production production degradation sm  of 

glucose

Dactylos

porangium

13B1 - + - + + - - + - F

Actinobispora

20Ar1 - + + - + - - - - F

Nocardiodes

20Ar4 + + - + + - - + - F

Streptomyces

15B1 + + - - + - - + - F

15Br2 + + - - + - - - - F

21Ar1 + + - - - - - + - F

21Ar11 + + - - + + - - - F

20C1 - + + + + - - - - F

21A8 + + - + + + - + - F

22Ar1 + + - - - - - - - F

St20 + + + - + - - + - O

Promicrom

onospora

20Ar5 + + + + + - - + - F

21B2 + + + - - - - + - F

Nocardia

21Ar2 + + + + + - - - - F

21Ar3 - + - + + - - + - F

Streptos

porangium

21Ar14 + + - + + - - + - F

Saccharo

monospora

21A2 + + - + + - - - - F

Streptove

rticillium

21Br2 + + - + - - - + - F

Actinomadura

St1 - + - - - - - + - F

St29 + + - + + - - + - O

St30 + + - - + - - + - F

Glycomyces

St4 - + + - - - - + - F

St11 - + + + - - - + - F

Saccharothix

St5 + + + - - - - + - F

St12 + + - + + - - + - F

St21 + + - + + - - + - F

Nocardiopsis

St7 + - - - + - - + - F

St17 + + - - + - - + - F

St19 + + + - - - - + - F

St23 - + + + + - - - - F

Micromo

nospora

St10 + + + + + - - - - F

Kitasatosporia

St14 - + - + + - - + - F

Microbispora

St22 - + + - - - - + - F

+: Positive results; -: Negative results; F: Utilization of glucose fermentatively; O: Oxidation of glucose



Aust. J. Basic & Appl. Sci., 3(4): 4053-4059, 2009

4057

The results from this study indicated that there is a difference in the type of Actinobacteria isolated from

soil and rhizosphere soil samples.  Rhizosphere soil is known to be rich in leaching root exudates therefore

supports a higher diversity of microbial activity (Smith, 1976; Grayston, et al., 1996). We also managed to

isolate several species from soil and rhizosphere soil samples which were initially thought to be common

inhabitants of extreme conditions such as Saccharomonospora spp. (Dhanasekaran, et al., 2005) from soil

samples, and Microbispora, Glycomyces, Nocardiopsis spp. (Remya and Vijaya, 2008) and Actinomadura spp.

(Moncheva, et al., 2000-2002) from rhizosphere soil samples. Although we did not ascertain the similarity of

the species found in common soil samples and the extreme environments, preliminary results here indicated

the widespread of the genera. 

Detection of antibacterial activity by Actinobacteria:

The antibacterial activity of Actinobacteria was evident in the plate assay. The pathogen streak was inhibited

and no growth was observed along the streak. Some Actinobacteria isolates have weak antibacterial activity,

and in these cases, a thin growth line along the pathogen streak can be observed (Fig. 1). 

Fig. 1: Comparison of bacterial growth in (A) control plate streaked perpendicular to sterile distilled water and

(B) challenged with actinobacteria. Antibacterial activity of Actinobacteria towards (a) E.coli (weak

activity), (b) P. aeruginosa (mild activity)  and (c) S. aureus (strong activity) were observed on ISP2

agar after a 5-day incubation.

Of the 33 isolates tested, 30 isolates showed antibacterial activity towards at least one of the pathogens

tested. Four isolates showed antibacterial activity towards one type of pathogen, three isolates showed

antibacterial activity towards two bacterial pathogens, and 23 isolates inhibited growth of all three bacterial

pathogens.  Isolates of the Microbispora spp., Saccharothrix spp., Actinomadura spp., Glycomyces spp.,

Streptoverticillium spp., Saccharomonospora spp., Nocardia spp. and Actinobispora spp. have antibacterial

activity towards all bacterial pathogens. They are thus considered as isolates with strong antibacterial potential.

The antibacterial potential for isolates such as Streptoverticillium spp., Actinomadura spp. and Saccharothrix

spp., is well established especially towards common bacterial pathogens such as S. aureus and E. coli (Masaki,

et al., 1989; Gomes-flores, et al., 1996; Zitouni, et al., 2004; Cook, et al., 2005). Contrary, Micromonospora

spp., Promicromonospora spp. and Kitasatosporia spp., were considered as isolates with low antibacterial

potential as they only showed inhibition towards one of the three tested pathogens. This could be attributed

to the inhibitory compounds produced by the isolates which may confer different inhibitory effects towards

the bacterial pathogens. The isolate Micromonospora spp. and Kitasatosporia spp., were both antibacterial

towards P. aeruginosa and S. aureus, respectively. Micromonospora spp. produces aminoglycoside antibiotics

(Okachi, et al., 1977) which contributes to its antibacterial potential. For Kitasatosporia spp., despite their

broad-spectrum of antibacterial activity (Moncheva, et al., 2000-2002), our study only observed its antibacterial

activity towards S. aureus. Promicromonospora spp. on the other hand, although more established for its

antifungal properties due to the chitinases produced (Han, et al., 1999), its antibacterial potential was also

observed in this study towards E. coli and P. aerugnosa. Isolates Nocardiodes spp. and Streptosporangium  spp.

did not have any antibacterial activity detected towards any of the pathogens tested.
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Isolates from the same genus were also observed to have different antibacterial potential towards the tested

pathogens. This could be due to the different species recovered as we did not investigate the species type for

each isolate. We observed that all eight Streptomyces spp. isolated in this study have varying antibacterial

activity towards the tested pathogens. Despite many literatures reporting the antibacterial activity of

Streptomyces spp. towards a range of bacterial pathogens such as E.coli and S. aureus (Oskay, et al., 2004;

Oskay, 2009), two of the isolates recovered from soil samples in this study were not antibacterial towards S.

aureus. 

Our study also established the antibacterial potential of several species which are not mainly known as

antibiotic producers. Isolates grouped in the following genera-Actinobispora, Microbispora, Saccharomonospora,

Glycomyces and Nocardiopsis, were observed to have antibacterial activity towards E. coli, P. aeruginosa and

S. aureus, although few literatures exist to confirm the antibacterial potential of these isolates. Therefore, there

is potential in sourcing for inhibitory compounds produced from these isolates and to identify the antibacterial

compounds for further use. In addition, we also observed that most Actinobacteria were inhibitory towards P.

aeruginosa, followed by E. coli and S. aureus, with 14, 12 and 11 isolates with positive antibacterial activity

detected, respectively (data not shown).

To conclude, results from our present study has shown that beneficial Actinobacteria can be readily

isolated from both soil and rhizosphere samples, and these include a variety of well-established antibiotic

producers such as Streptomyces spp., Actinomadura spp. and Streptoverticillium spp., and a variety of

uncommon antibiotic producers such as   Actinobispora, Microbispora, Saccharomonospora, Glycomyces and

Nocardiopsis. The discovery of uncommon antibiotic-producers and their antibacterial activity towards P.

aeruginosa, E. coli and S. aureus, highlights the potential for further characterization of the beneficial

compounds for utilization against clinical pathogens. 
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