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Background: Streptomyces avermitilis, belonging to Actinomycetes, is specialized for production of avermectin, used as an anthelmintic 
and insecticidal agent. It is mostly found in soil and its isolation is very crucial for medically important avermectin production.
Objectives: In the present study, 10 bacterial isolates lacking antimicrobial activities were isolated from the soil samples collected from 
different areas of Lahore, Pakistan.
Materials and Methods: Three distinctive localities of Lahore were opted for soil assortment to isolate S. avermitilis. About 50 isolates 
of Streptomyces species were attained through selective prescreening procedures. All of these isolates were studied for production of 
the secondary metabolite, avermectin. Different test like soluble pigment color and melanin formation were used for identification. 
Biochemical characterizations of those isolates closely resembling the control in morphological characteristics, soluble pigment color 
and melanin formation tests were performed.
Results: The 10 selected isolates were identified as the avermectin-producing strain by fermentation and characterized on ISP2 medium for 
aerial and reverse side mycelia color, soluble pigment color and melanin formation, in comparison with S. avermitilis DSM 41445. The best 
avermectin-producing isolate S1-C (10.15 mg/L) showed similar result as S. avermitilis DSM 41445, when subjected for culture characteristics 
analysis in different media along with biochemical characterization.
Conclusions: From the results, it was concluded that agricultural lands around Pakistan Council of Scientific and Industrial Research 
(PCSIR) Campus Lahore were rich sources of industrially important Streptomyces, especially S. avermitilis.
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Implication for health policy/practice/research/medical education:
Avermectin is one of the 16-membered macrocyclic lactone derivatives with anthelmintic and insecticidal potential, generated from S. avermitilis isolated 
from soil. It is used to control insect and mite pests of a range of agronomic, fruit, vegetable and ornamental crops. The main use of avermectin is control-
ling fire ants.
Copyright ©  2014, Ahvaz Jundishapur University of Medical Sciences; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Streptomyces, belonging to the most profuse group of 

microorganisms in soil, the Actinomycetes, are aerobic 
and Gram-positive bacteria (1, 2). Their distribution and 
presence in soil is highly affected by geographical con-
ditions of the soil like temperature, type, pH, amount of 
organic materials, and moisture contents. The acidic en-
vironment-resistant groups are the most abundant of all 
Actinomycetes in the soil (3). However, they are less abun-
dant in soils with alkaline pH (4) and are famous for their 
ability of producing industrially important enzymes and 
secondary metabolites during the fermentation process 
(5) as well as covering about 80% of antibiotic products 
(6). Screening and isolation of microorganisms produc-
ing secondary metabolites have been the main focus for 
several years (7).

Components of media affect the Streptomyces isolation. 
Media containing glycerol or starch as carbon sources 
and arginine, casein or nitrate as nitrogen sources will 

result in the best isolation. Different antifungal agents 
named nystatin, cycloheximide and pimaric in are usu-
ally employed during the isolation to obtain pure bac-
terial isolates. Identification of Streptomyces is based on 
the spore size, morphology, chains, pigmentation, physi-
ological and biochemical characteristics, and antibiotic 
resistance (8).

Standard microbiological methods, analysis of bio-
chemical markers, and DNA sequencing have also been 
employed for selective identification of genus and spe-
cies of the isolated microbes (9). Streptomyces form stable 
filaments and are also capable of producing long chains 
of spores with aerial growth. Direct and non-direct 
methods of screening antibiotic producing strains have 
usually been employed for isolating a specific microbe. 
Direct screening of strains involves bio assay or some 
chemical methods, while non-direct screening involves 
correlation of the strain characteristics with antibiotic 
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production (10-12). Streptomyces members are very impor-
tant because of their ability to produce several types of 
secondary metabolites (13). 

Streptomyces avermitilis, a Gram-positive bacteria, is spe-
cialized for formation of secondary metabolites, from 
which avermectinis used as an anthelmintic agents. Aver-
mectin is one of the 16-membered macrocyclic lactone 
derivatives with anthelmintic and insecticidal poten-
tial, generated from S. avermitilis isolated from soil. It is 
used to control insects and mite pests of a range of agro-
nomic, fruit, vegetable and ornamental crops. The main 
use of avermectin is controlling fire ants. Ivermectin, as 
emisynthetic derivative of avermectin, is widely used in 
veterinary for improved animal health as well as on cho-
cerciasis eradication (14-16).

2. Objectives
The present study was conducted for isolation of S. aver-

mitilis from the soil samples of different locations of Paki-
stan Council of Scientific and Industrial Research (PCSIR), 
Lahore, Pakistan, using various pretreatment methods. 
Different media were employed for screening of pure 
Streptomyces species. Antibacterial and antifungal activi-
ties of various isolates were also evaluated.

3. Materials and Methods

3.1. Collection and Preparation of Soil Samples
Different locations of PCSIR Lahore and Punjab Universi-

ty were selected for soil sampling. About 3 cm of each soil 
surface was removed with sterilized spatula and samples 
were stored in clean, dry and sterilized polythene bags at 
40°C until pretreatment (17). For each soil sample, 1g of 
soil was suspended in 100 mL of sterile saline and incu-
bated at 28°C in orbital shaker for 30 minutes at 150 rpm. 
Soil samples were vortexed with the maximum speed and 
then allowed to stand for a few minutes. Serial dilutions 
up to 10-5 of each soil sample were made in sterile saline 
(18). For separation of spores from vegetative cells, test 
tube of dilution 10-5 was placed in a 45°C-water bath for 
16 hours (13).

3.2. Isolation of Streptomyces Colonies From the 
Soil Samples

The media employed for isolation and enumeration of 
Actinomycetes were Actinomycete isolation agar medium 
(19): 5 g/L glycerol, 4 g/L sodium propionate, 2 g/L sodium 
casemate, 2 g/L KH2PO4, 0.1 g/L asparagine, 0.1 g/L MgSO4.7 
H20,1 mg FeSO4.7 H2O, 15 g/L agar, pH = 7.0; Kuster’s Agar 
medium (20): 10 g/L Glycerol, 0.3 g/L casein, 3 g/L KNO3, 2 
g/L K2HPO4, 2 g/L NaCl, 0.05 g/L MgSO4.7H2O, 0.02 g/LCa-
CO3, 0.01 g/L FeSO4.7H2O, 16 g/L agar, pH = 7 ± 1; glycerol ca-
sein KNO3 agar medium (1): 10 g/L Glycerol, 0.3 g/L casein, 
2 g/L KNO3, 2 g/LK2HPO4, 2 g/L NaCl, 0.05 g/L MgSO4.7H2O, 

0.02 g/ LCaCO3, 0.01 g/L FeSO4.7H2O, 18 g/L agar, pH = 7.8; 
and starch casein agar medium (21): 10 g/L starch, 1 g/L 
casein powder, 15 g/L agar, 50% sea water, pH = 7.2± 0.2. 
Each of these media was supplemented with nystatin at 
concentration of 0.050 mg/mL as the antifungal agent 
(22, 23).

Dilutions of each soil sample were spread on the plates 
containing the isolation media and incubated at 28°C for 
7-10 days. Individual colonies from the mixed cultures 
were then transformed onto yeast extract-malt extract 
agar slants (13). Pure cultures were obtained by multiple 
streaking on yeast extract malt extract glucose medium 
(YMG) agar slants (24): yeast extract, 4 g/L; malt extract, 10 
g/L; glucose, 4 g/L; agar, 20 g/L; pH = 7.3. Finally, the Strep-
tomyces isolation medium consisting of glucose: 5.0 g/L, 
L-glutamic: 4.0, KH2PO4: 1.0, MgSO4.7H2O: 0.7, NaCl: 1.0, 
FeSO4.7H2O: 3.0 mg, and agar: 25 g/L, was used for purifi-
cation of Streptomyces colonies (20) supplemented with 
nystatin at concentration of 0.050 mg/mL as the antifun-
gal agent (22, 23).

3.3. Study of Antimicrobial Activities
Antimicrobial activities of the isolated Streptomyces 

strains were studied against different bacteria (Esche-
richia coli, Enterobacter aerogenes, Staphylococcus. aureus, 
Pseudomonas aerogenosa and Bacillus subtilis), fungi (As-
pergillus niger, Rhizopus oligosporus) and yeast (Candida 
albicans). All these strains were obtained from the Food 
and Biotechnology Department of PCSIR and cultured 
in nutrient broth for 24 hours at 37°C (13). For yeast and 
fungi cultures, the incubation period was five days.

Well diffusion method was used for studying antimicro-
bial activities of the isolates. Wells were separately creat-
ed in each plate using the sterilized borer, already seeded 
with 300 µL of the test organisms (25). Each well was then 
filled with 300 µL of supernatant of each isolate dilution 
and kept for at least one hour to ensure the complete dif-
fusion of dilution into the nutrient agar medium in each 
plate. Diameters of the zones, formed after the incuba-
tion periods of 24 and 48 hours at 37°C, were measured 
(19). Control plates were also made, empty of the isolated 
strains, to investigate the normal growth of Streptomyces. 
Plates of the reference S. avermitilis DSM 41445 were also 
prepared for comparative analysis.

3.4. Characterization of the Isolated Colonies

3.4.1. Gram Staining
Gram staining of the isolates was performed according 

to the method described earlier (18).

3.4.2. Avermectin Production
All the purified isolates were tested for production of 

avermectin through fermentation, along with S. avermiti-
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lis DSM 41445 for comparative study.

3.5. Seed Medium
The cultures were maintained on medium 65 (glucose: 

4.0 g/L, yeast extract: 4.0 g/L, malt extract: 10.0 g/L, CaCO3: 
2.0 g/L, and agar: 12 g/L) as specified by Deutsche Sam-
mlung von Mikroorganis men und Zellkulturen (DSMZ) 
Loopful culture of the strain was scraped from the nutri-
ent agar slant and inoculated into 50mL of yeast malt 
glucose (YMG) medium consisting of glucose: 4.0, yeast 
extract: 4.0, malt extract: 10.0 and CaCO3: 2.0 (g/L in dis-
tilled water) in a 250-mL shake flask. After wards, it was 
incubated in an orbital shaker at 150x g for 16-18hours at 
30°C in a water bath shaker (Eyela, Japan). pH of the in-
oculum was adjusted at 7.2 ± 2 (26).

3.6. Avermectin Production
Production of avermectin B1b from the soil isolates was 

studied individually in synthetic medium 2 (SM2) growth 
medium. Each production medium was inoculated with 
5 mL (10%v/v) of inoculum medium separately. After 
transferring the seed medium, each growth medium was 
incubated at 30°C in the water bath shaker for 10 days at 
150x g. Composition of the growth medium was soluble 
corn starch: 50.0, KCl: 0.1, NaCl: 0.5, yeast extract: 2.0, 
MgSO4.7H2O: 0.1, CaCO3: 0.8 and α-amylase: 0.1 (all in g/L). 
pH of the medium was adjusted at 7.2 ± 0.2. All the experi-
ments were separately performed in the shake flasks con-
taining 50mL of the fermentation medium (26).

3.7. Extraction of Avermectin B1b
The fermentation broth from each fermentation flask 

was centrifuged (H-1500FR Japan) at 40°C for 20 minutes 
at 8000x g. Since avermectin is an intracellular molecule, 
the cell biomass was separated and the supernatant was 
discarded. The cell biomass in the form of pallet was 
mixed with an appropriate amount of methanol to com-
pletely dissolve it. The mixture was centrifuged again and 
the supernatant was collected for avermectin analysis by 
high-performance liquid chromatography HPLC (26).

3.8. HPLC Analysis of Avermectin B1b
Concentrations of the avermectin components were de-

termined quantitatively by reverse phase HPLC (LC-2080, 
Shimadzu, India). About 20 µL of each sample was run 
into the HPLC. The samples were separated on C18 column 
(SMA C-18) and detector (UV Variable Wavelength Detec-
tor STD-M20A, Shimadzu, India) and eluted by methanol: 
acetonitrile (98: 2 v/v) at a flow rate of 0.5 mL/min with a 
UV absorbance at 246 nm (27).

3.8.1. Biological Testing
The isolates with avermectin B1b production were 

further identified by certain biological tests including 

growth temperature range test, hemolysis test, urea hy-
drolysis, oxalate utilization test, H2S production test, acid 
production test, carbohydrate assimilation test, amylo-
lytic activity and proteolytic activity, as recommended 
by International Streptomyces Project (ISP). Utilization of 
different carbon sources such as glucose, starch, man-
nitol, fructose, soluble corn starch, potato starch and 
maltose, and nitrogen sources namely malt extract, yeast 
extract, peptone, urea and lemco powder were also tested 
on Streptomyces isolation medium (19). The medium was 
supplemented with nystatin at concentration of 0.050 
mg/mL as the antifungal agent (22, 23). Plates of the ref-
erence culture of DSM S. avermitilis 41445 were also pre-
pared for comparative study.

4. Results
Only 10 soil isolated strains were found to lack anti-

microbial properties. These 10 isolates, when tested for 
secondary metabolite production through submerged 
fermentation, were capable of avermectin production as 
is shown in Table 2. The soil isolate named S1-C gave maxi-
mum (10.15 mg/L) avermectin production. Morphological 
characteristics of these isolates revealed that they closely 
resembled S. avermitilis species, when compared with the 
control strain S. avermitilis DSM 41445. Therefore the 10 
isolates were grouped as S. avermitilis. The percentage of 
color production by these 10 isolates in the form of solu-
ble pigments, varied within a color series. Production of 
soluble pigments in dark yellow, yellow, pale yellow and 
brownish yellow was about 10%, 60%, 20% and 10%, respec-
tively. Rate of melanin production for these 10 isolates 
was 100%. The aerial mycelium color was dark grey (10%), 
grey (70%) and light grey (20%). Similarly, the reverse 
side color was moderate grey (10%), grey (50%), light grey 
(20%), and white to grey (20%). 

Table 3 reveals that in oatmeal agar medium (ISP3) and 
yeast extract-malt extract agar (ISP2), S1-C and control 
showed same characteristic. In nutrient agar medium, 
both strains showed same growth patterns. The differ-
ence was in the color of aerial mycelium and the reverse 
side color, which was also very minute. In other media, the 
color ranged from grey to light grey. In DSMZ (Deutsche 
Sammlung von Mikroorganismen and Zellkulturen) 
specified medium 65, color varied from yellow to light 
yellow with excellent growth of control as compared to 
the isolated strain showing growth of good level.

5. Discussion
The present study was conducted for isolation of Strep-

tomyces from the soil samples taken from different loca-
tions of PCSIR and other locations of Lahore. The main 
emphasize was on selection of Streptomyces spp., produc-
ing the avermectins as anthelmintic agent.

About 50 soil samples were collected for isolation of 
the desired Streptomyces. All the isolated were tested 
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against eight test microorganisms, three of which were 
Gram-negative (E. aerogenes, E. coli, P. aerogenosa) and 
two Gram-positive (S. aureus, B. subtilis). Two fungal spe-
cies (R. oligosporus, A. niger) and one yeast (C. albicans) 
were also used to test the antimicrobial activities of the 
isolates. Patterns of antimicrobial activities of all these 
isolated are given in Table 1 showing that 10 isolates were 
completely resistant to all the test microbes and did not 
show any activity. It was reported in an earlier research 
that S. avermitilis lacks characteristic antimicrobial activi-
ties (28). In the present study, only 10 did not show anti-
microbial activities. These strains were supposed to be S. 
avermitilis, producing the avermectin compound, lacking 
antibacterial and antifungal activities. The control plates 
were also prepared for comparison and confirmatory 
studies.

All the 10 isolates belonged to the Streptomyces genus, 
when examined morphologically on ISP 2 Yeast extract-
malt extract medium (13, 24). In a previous study, re-
searchers found that Streptomyces isolates showed 13.3% 
melanin pigment production. Furthermore, the color 
variation for aerial mycelium was brown-yellow (80%), 
yellow (6.6%) and violet (13.3%). They noticed 93.3% brown-
ish-yellow and 6.6% violet in reverse side mycelium (13). 
The morphological characterization of Streptomyces iso-
lates normally relied upon the formation and color of 
aerial and substrate mycelium, soluble pigment forma-
tion, and spore characteristics (8).

The fermentation broth obtained during secondary me-
tabolite production lacked antibacterial and antifungal 
activities. It is reported that avermectins are a series of 
macrocyclic lactones, lacking significant antibacterial 
and antifungal activities (29, 30). In another research, it 

was reported that S. avermitilis was specialized for its abil-
ity to produce secondary metabolites, which was poten-
tially anthelmintic and named avermectin (1, 30). In the 
present study, all the 10 strains were then tested for pro-
duction of secondary metabolite through fermentation. 
It was found that these isolates produced avermectin in 
very small quantities, as is shown in Table 2. The maxi-
mum avermectin production (10.15 mg/L) was presented 
by the soil isolate designated as S1-C.

Culture characteristics of S. avermitilis 173 on different 
media were observed, which resulted in different growth 
patterns and mycelia colors (30). In the present study, 
the same variations were observed. Isolated S1-C strain 
showed the maximum avermectin production and was 
selected for studying the cultural characteristics on dif-
ferent media along with the control strain DSM S. aver-
mitilis. 

Morphological and biochemical characteristics derived 
from the physiological test, have been used for taxonom-
ic classification and identification of different strain of 
Streptomyces (20, 31). In the present study, selective aver-
mectin-producing S1-C Streptomyces species were subject-
ed to different biochemical tests for identification, and 
later they were compared with that of the control strain, 
as shown in Table 4. The S1-C strain isolated at mesophilic 
temperature (25-37°C) was in agreement with results of 
other researchers, showing the isolation of most of the 
Streptomyces to be appropriate at these conditions. Pro-
duction of avermectin from S1-C isolate at neutrophilic 
medium with pH range of 7.0-7.5 confirmed the strain de-
pendency to Streptomyces(8).The S1-C strain and control 
showed same results in all biochemical tests.

Table 1.  Antimicrobial Activities of Streptomyces Isolates a

Zone of Inhibition, mm
Streptomyces Isolation Agar Medium

Serial 
Number

Soil Iso-
late

Esch-
erichia  

coli

Entero-
bacter 

aerogenes

Staphy-
lococcus 
.aureus

Pseudomo-
nas . aero-

genosa

Bacillus 
.subtilis

Aspergil-
lus. niger

Rhizopus . 
oligosporus

Candida . 
albicans

1 S1-A - - - - + - - -
2 S1-B + + + - - - + +
3 S1-C - - - - - - - -
4 S1-D - - + + ++ - - -
5 S1-E - - ++ - + ++ + +
6 S1-F ++ + - +++ - - + +
7 S1-G - - + - + - - -
8 S1-H - - - + - ++ - -
9 S1-I ++ ++ + + - - + +
10 S1-J - - - - - - - -
11 S2-A - - - + + - ++ -
12 S2-B - - ++ - - - - +++
13 S2-C + - - + - ++ - -
14 S2-D - + - - +
15 S2-E - - - - - - - -
16 S2-F - - + - - + - -
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17 S2-G - + ++ + - - - +
18 S2-H + - + - - - ++ -
19 S2-I + - + - + - - ++
20 S2-J - - - - - - - -
21 S3-A - - + - + - + -
22 S3-B - - + - ++ - + -
23 S3-C ++ + - + - ++ - +
24 S3-D ++ + - + - ++ - -
25 S3-E - - - - - - - -
26 S3-F - - + - + - + -
27 S3-G - + + + - - - -
28 S3-H - ++ - - - + + -
29 S3-I - - - - - - - -
30 S3-J ++ + - - +++ - - +
31 S4-A + ++ ++ - + - - +
32 S4-B - - + ++ - + + -
33 S4-C + + ++ - - - - +
34 S4-D ++ + - + - ++ - +
35 S4-E + - - + - ++ - -
36 S4-F - - - - - - - -
37 S4-G + - - + - ++ - -
38 S4-H + - ++ - + - - +
39 S4-I + ++ ++ - + - - +
40 S4-J - - - - - - - -
41 S5-A + - - + - ++ - -
42 S5-B ++ + - + - ++ - +
43 S5-C - - - - - - - -
44 S5-D + ++ ++ - + - - +
45 S5-E + - + ++ + - - +
46 S5-F ++ + - +++ - - + +
47 S5-G + - - + - ++ - -
48 S5-H - - - - - - - -
49 S5-I + - ++ - + - - +
50 S5-J ++ + - + - ++ - +
51 Control - - - - - - - -
a + = Fair,++ = potent,+++ = highly potent,- = no effect.

Table 2. Secondary Metabolite (Avermectin) Production of Selected Isolates a,b

Serial Number Soil Isolate Avermectin Production, mg/L
1 S1-C c 10.15±0.04
2 S1-J 5.0±0.05
3 S2-E 7.35±0.01
4 S2-J 6.29±0.09
5 S3-E 8.35±0.06
6 S3-I 6.0±0.011
7 S4-F 3.86±0.02
8 S4-J 5.78±0.01
9 S5-C 5.64±0.02
10 S5-H 8.65±0.07
11 Control 17.0±0.03
a  Data are presented as mean ± SD.
b  Shake flask fermentation at pH 7.0, temperature: 31°C. Each value is an average of three replicates.
c Designation of the best avermectin producing strain.
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Table 3.  Cultural Characteristics of S1-C Strain on Different Media
Serial 
Number

Type of Medium Growth Aerial Mycelium Reverse Side Color
S1-C Control S1-C Control S1-C Control

1 Nutrient agar Good Good Dark yellow Light yellow Light yellow White to yel-
low

2 Yeast extract malt 
extract agar (ISP2)

Good Good Dark grey Dark grey Moderategrey Moderate to 
light grey

3 Inorganic salt-starch 
agar (ISP4)

Moderate Excellent Grey Dark grey Light cinna-
mon 

Light grey

4 PDA agar Moderate Good White to yel-
low

Dark yellow Light yellow Pale yellow

5 Oatmeal agar (ISP3) Good Good Grey Grey White to grey White to grey
6 Bennett’s agar Good Very Good Grey Grey Light grey Light grey
7 Casein enzymich-

ydrolysate-yeast 
extract (ISP1)

Good Good Light grey Light grey Light grey White to grey

8 DSMZ medium 65 Good Excellent Yellow Light yellow Light yellow White to yel-
low

Table 4.  Morphological and Biochemical Characteristics of the Selected Avermectin-Producing S1-C Streptomyces

Serial Number Properties S1-C Streptomyces spp. Control
A Morphological characteristics

1 Spore morphology Oval shaped, smooth Smooth 
2 Color of aerial mycelium Dark grey Grey
3 Color of substrate mycelium Grey Light grey
4 Gram’s reaction Gram positive Gram positive

B Biochemical characteristics
1 Growth temperature range 28-37°C 28-37°C

2 pH range 7.0-7.5 7.0-7.5
2 Nitrate reduction test - -
3 Milk coagulation and peptonization + +
4 Gelatin liquefication + +
5 H2S production test - -
6

N-source utilization
Yeast extract + ++
Malt extract + +

Peptone + +
Urea + +

Lemco powder + +
7

C-source utilization
Glucose + +

Soluble corn starch ++ ++
Maltose + +
Lactose + +

Mannitol + +
Wheat powder + +
Potato starch ++ ++
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